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MATIIMI. HlimiV 

•ad lemoTed In white. Under thk k • layer Source of our Wh^t Suf^ty* In 

d *' containing grannlee of aloa- round nninben we may eptimate the mumal 

minoae nature. Since ttiie klaradiy mdled away conrampticni of adieat in the United Khudom 

hi graina deatined to make mite hread, tbia at 90,000,000 quarters, of adii^ on^ 6,0w,000 

bread ia^kas nutritiona than brown bread, quarters are home^gpown. Unforttmately, owiim 

Within this again, larger cells crowded widi to external comTOtition, the amount of Briksb 

starch up the greater part of the wheat produced has been rapikily declining sinoe 

endosperm. 1870, and is continuing to do so, which hm not 

OnrmiMtfon of Wheat. Given moisture, only a disastrous effect in furthering the d^pc^* 

air, and a fairly high temperature, the wheat* lation of our rural diskietB, but makes us in* 

grain begins to germinate [165]. The plumule creasingly deoendent on foreim countries, 

elongates and pushes its way above ground, to especially the United States and Kussia, for the 

give rise to the stem and leaves, while the most important item in our food-supply. Unfor- 

radicle breaks out and grows down into the tunately, too, average British wh^t compares 

ground. Its development, how'ever, is soon unfavourably with foreign, for it contains a larger 

arrested, mid most of the wheat-roots are amoimt of moisture, and a smaller percentage of 

derived from the lower part of the stem. nitrogenous matter (gluten). 

Until the seedling is able to get its own living, Lem than one-third (about 27 per cent.) of 
it feeds upon the endosperm. The nutritive imported wheat and flour is derived from British 
matters in tl^ have to be converted into a possemions, but, luckily, the proportiem is on the 
soluble form before they can be absorbed by the increase, and we may hwpe to see the time when 
embryo. This is the work of the soutellum, the Empire is able to feed itself. Large quantities 
which produces substances known as ferments^ are grown in the more temperate parts of India, 
that digest the endosperm in miich the same way and in Australia, but it is mainly to Canada 
that fom is digested in the animal body. That that we must look as an increasing source 
is to say, the practically insoluble starch and of supply. 

gluten are converted mto soluble materials Canadian Wheat. The vast plain of 

(sugwr in the case of starch), which are absorbed Central Canada presents very large areas which 
by the soutellum, and diffuse into the mwing are eminently suitable for wheat-growing. The 
shoots and roots. By the time the endosperm soil is a stiff clay, which not only affords Arm 
is used up, the seedling is able to draw upon the support to the roots, but is also very retentive of 
air and soil for its food supply. moisture. And it is covered by an ancient and 

Croaaiug Vnriatiaa of Wheat. As very rich deposit of loam, which serves as a sort 
in the case of other domesticated plants, a of natural manure. So much is this the case that, 
number of different varieties or races of wheat in some instances, the crop has been oontinucmsly 
have come into existence in the course of time grown for from 20 to 30 ye.ars without the appli- 
[166-7]. It has been found possible to cross cation of any artificial fertilisers. Of course, the 
these artihoially by transferring the pollen of one time will ultimately come when these will have 
variety to the stigmas of another, with re- to be applied in all cases, but that time is not 
maricablo results, for the ears of some of the yet. 

mongrel plants so produced are of extraordinary The long summer days of Canada are extremely 

siae [168-71]. Experiments of this kind, con- favourable to the riTOning of grain, and thfir 
ducM on wheat and many other plants, have influence is enhanced by the south-west anti- 
yielded valuable data on whioh to found theories trade winds, whioh, after blowing over the 
of heredity, careful observations being made and Rockies, are warm and dry. Despite thS d^mess 
tabulated of the characters inherited from the of these winds, an abun(lant supply of moisture 
Mrents. Such experiments are not particularly is available, for the great cold of winter furrows 
oifficult to conduct in many oases, and are of the ground with deep cracks, in whioh snow 
great importance both scientifically and eoo- collects, being stored up, as it were, in under- 
nomioally. [For details see Biology.] The gmund reservoirs. When this snow melts, it 
essence of the matter in the latter aspect is that yields the requisite water, 
it appears to be possible to produce mongrel It may be added that the facilities for water- 
types whioh combine the desirable character of carriage to the Atlantic sea-board are unrivalled, 
the parent forms, or it may be to eliminate those nor are there great difficulties in the way of 
which are undesirable. This is but one of many railway construction. The Canadian fanner has, 
example which illustrate the value of soienoe it is true, to contend with summer frosts and 
in relation to industry, and lead to the con- floods, but the former are successfully combated 
elusion that unless the Government of this by lighting fires of damp straw (** amudge-^res ’*) 
country is prepared to endow scientific research to the north side of the crop on nights whesi frost 
to a much larger extent than has so far been the is threatened. And it seems mrobable that an 
case, we shall in the end be left far behind — increase in the area of tillage wiU gradually more 
oommeroiaUy — by Germany, the United States, or less obviate the danger of floods, by averaging 
and other countries whioh are fully olive to the the distribution of rainfall* tree-]4anting 
vast importance of the matter. may also do sAT P^^ t bifig in the ftsme direorion. 

Continued 
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BUILDING SHORING AND ONDERPINNINd 

^ The Use end Conetmction of Reldni: end Flying Shoree, end of| 

conttoMdfnw* Needles for Underpinning:* Methods of Deeling with Dengerons Stnicti^ 


By Professor R. ELSEY SMITH 


CHORIKO consists in providing temporary 
support to e building by means of a system of 
wooden struts resting on solid ground or against 
another building. It is employed in cases where 
buildings show signs of failure duo to sinking of 
the foundations, vibration of machinery, or other 
causes, and demands much judgment and veiy 
great care in execution. 

It is also used where a building which is 
attached to one or more other buildings is to be 
taken down for rebuilding. In a row of houses 
— e.g., each one gives lateral support to its neigh- 
bours, and were a single house in a row removed 
there would be great liability of damage to the 
houses which are on each side, and are entitled 
to the suppoH previously afforded them, and 
shoring is erected to give this support tempor- 
arily until the reconstruction is complete. 

A Typical Shoring Scheme. The key 

plan [60] represents three houses in a line, of 
which the central one is in course of recon- 
struction, while that on the left is to have 
the ground -door taken out to insert a girder and 
shop front. It illustrates the position in which 
the various shores described hereafter are used. 

Shores, as applied to walls constructed mainly 
of brick, are of two principal types. Raking 
s^es [58] are those one end of which rests on the 
muno, while the other is inclined against the 
face of the wall to be supported. Flying shorts 
[661 are thoee placed honzontally between two 
buildings. In the case of raking shores, if the 
building to be supported be a low one, a sinde 
strut may suffice, but in most oases, where uie 
buildings consist of several storeys, a sysfem of 
shores must be used — two or more stmts in the 
same plane, abutting against and steadying the 
wall at different levels. Wherever possible, the 
head of each strut should be arranged at or just 
below the level of a floor, where the wall is 
stiffened internally and is best able to resist 
external pressure. The object of shoring in the 
case of dangerous walls is not, as a rule, to force 
back into position a wall that is out of ^e per- 
pendicular, for any such attempt might result 
m disaster, but to prevent any fu^er movement 
of the wall tOI it can be dealt with in a permanent 
manner. 

Coantructing n Shore. A shore is 
constructed as follows [61]. A wall-pieoe is 
placed vertioally against the wall to be supported. 


This is usually of oonsiderahle length, 9 by 3 in. 
thick, and is held to the wall by heddfasts oare- 
fttUy driven. If the wall be bulged or uneven, 
packing must be placed between it and the wall- 
pye to secure an even bearing against the wall 
Where the head of the ahcie abuts [5q,a 3 or 
916 


4 in. square hole is perforated through the piece, 
and a bat or half bnck is removed from the free 
of the wall. A short timber, or nstXU is placed 
through the hole entering the wall where the bat 
is removed, and above Jt a block of wood, 
termed a deat^ is spiked ta the wall-pieoe, and 
thus a firm abutment for the head of the shore 
is formed. 

For the foot of the shore [57] a. stout timber 
is provid^ termed the sole-piece. If the ground 
be good, it may be carefully bedded upon it ; but 
if the ground be soft, a small platform of stout 
planks, or in some cases even of concrete, will 
be necesssary. Should a vault exist where the 
foot of the shore comes, it must be supported with 
dead shores — thereafter de6cribed-~<or, better, the 
shore must be taken through the vault to the 
solid ground. The sole-piece is not placed hori- 
xontaUy, nor is it perpendicular to the shore, but 
at an intermediate angle. 

The sole-piece and wall-pieoe being in mMition, 
the shore itself is out to the requirea length. 
The head is notched to fit round the needle and 
prevent any possibility of lateral movement, and 
the underside is out so as to rest agamst the wall- 
pieoe. The foot is also cut to a Mvel to corre- 
spond with the inclination of the sole-piece, and 
at the back of tiie shore a small notch is out to 
allow of a crowbar being inserted. The shore is 
placed in position, and u the wall be dangerous 

C t care must be exercised to prevent an^ 
age to the wall during this process. The 
foot rests on the sole-piece with the head against 
the needle, at first loosely, but with the hdp of a 
crowbar the foot is gr^ually moved forwmxl 
along the sole-piece until the notch is tight up 
against the nee^e. If it be moved beyond this, 
there will be a tendency for the head to lift the 
needle and damage the wall. When kM[>oeition 
the foot is seenrM by dog-irons [54]^ These are 
bars of iron with ends l^nt at right aos^ and 
pointed. They may be driven into the n>ot and 
the sole-piece, or a cleat may be fixed behind the 
foot. In the ease of dangerous walls Uiis 
method of fixing is better than tightening hy 
wedges as less &ely to disturb the bridrivork. 
The shoie is stiffenra to resist transverse strain 
or buckling, by hraoea formed of boaids placed 
on either side snd securely nailed to it at one 
end, and to the lower part oi the waU-pieoe at 
^the othw. 

A System of Shores. Where a nyntem 
of two,,thiee, or four strats — one above another 
—is employed, the method is similar [58]. The 
length of tte wall*pieea ii increased to oorrespood 
with the hei^t of tibe boildhiig, sad the hem of 
each dmre is jnepared as iksoribed, and has a 
needk provided m its sbotOMnt The feet are 


bfOQ^t oloBe together on the sole<pieoe, and each 
ihore in the system is of a difierent len^ and 
at a different angle. In such a system, •mai the 
shores are in position, a strip of hoop-iron is 
wonnd tightly round near the foot and nailed to 
the yarious timbers, binding them together, and 
the braoes extend from the waU-piece to the outer- 
most shore, and are nailed to the intermediate 
ones. This occurs at two or three points in the 
het^t in each case, starting from the wall-piece 
just below the head of a shore. Great rigidity 
is thus secured. 

Shoring High Buildings. With lofty 
buildings it may prove difficult to obtain 
timbers of sufficient length for the outermost 
shore. In such a case, when the last raking 
shore is fixed, another piece of timber is 
placed against the back of it, resting on the sole- 
piece. The top is cut to a bevel, and the foot of 
the shore rests on the top of this post, the head 
being formed as usual, ^is is termed a riding 
shore, and cannot be levered into position, but 
must be wedged with folding wedges of oak 
inserted between the upper and lower parte of 
the shore, driven in from each side, care being 
taken not to lift the rider more than is required 
just to tighten it. 

The number of such systems required to steady 
any ^ven wall will vary with the circumstances, 
and in particular with the condition of the wall 
itself, depending on whether the brickwork is 
sound and well constructed, or tending to 
disintegrate. They should not be more than 
12 or 15 ft. apart, and may be much closer. If 
the wall is pierced with window openings, the 
shore systems must correspond with the piers 
between them. 

Shoring is sometimes required in connection 
with the timlwring of excavations. The hori- 
zontal struts used in wide excavations form 
practically flying shores, which will be described 
later ; but an excavation may be too wide to 
Allow of strutting each side from the opposite 
one. In such cases raking struts, or shores, 
must be provided to sustain the walling pieces, 
and they can often be used with greater efficiency 
than in the case of a buildmg, as it is fre- 
quently possible to place them at a compara- 
tively low angle with the horizon. 

WorK of the Shore. The work required 
of a shore, or shore system, is to resist the 
tendency of a wall to fall outwards, by pressure 
behind it, which is greatest when just sufficient 
to overturn the wall. This pressure, or force, 
acts perpendicularly to the wall through the 
head of the shore. It would be best resisted by 
a strut also perpendicular to the wall ; but, except 
in the case of flying shores, this cannot be 
provided. With a rakSig shore part of the force 
exerted is expended in holding up the wall 
vertically, and part only in resisting over- 
turning, the amoimt depending on the inclina- 
tion of the shore to the horizon, the lateral 
resistance being greatest when the inclination 
is low. An i^le of 40° is useful, but so 
low an angle is rarely practicable, and angles 
firom 60° to 76° with the horizon are very 
usual. 


Formula of Foroeu in m Shorn. The 

following formulae may be used for calculating 
the foroes acting upon a shore [61]. * 

Q = = Qtane ~ F = Paine 4 Qcose 

Q = the overturning force, P = the force 
due to weight of wall above shore, F = the 
resistance to compression in the shore, W - the 
weight of wall, all in ewts., t ~ the thickness of^ 
wall at ground in feet, H = the height of the 
head of the shore from the ground in feet, 
B — the angle of inclination between the shore 
and the horizon, and w = the weight of the shore 
itself in cwts. The dimensions of the shore, 
when F has been calculated, may be found 
by Rankine's or other formulas for timber 
struts. 

In a system of shores it is sufficient to calculate 
the outermost shore, and to use timber of the 
same size for all, and a builder will usually 
employ timber in stock for this purpose even if 
of somewhat larger scantlings than required. 

The number and sizes of shores usually required 
in each B 3 rBtem are : * 


Height of wall. 

Number 
of shores in 
system. 

Scantlings 
of each shore 
in system 

16 ft. to 20 ft. 

2 

5 in X 5 in. 

20 „ ., 30 „ 

2 

6 X 6 „ 

30 „ „ 36 „ 

3 

7„ x7„ 

35 „ „ 40 „ 

3 

8 „ X 8 „ 

40 „ „ 60 „ 

4 

9 „ X 9 „ 

60 upwards 

4 

12 ,, X 9 ,, 


The material used for shoring is usually fir, 
Dantzio being particularly suitable on account 
of its straight ^ain. For very long shores, 
however, it may Be difficult to obtain this timber 
of sufficient length, and pine is sometimes used. 
But this is more expensive, and is therefore 
avoided, when possible, for what is merely 
temporary work. The wedges should bo of oak, 
as offering greater resistance to compression 
than fir, and the sole-piece may usefully be of the 
same material. Care must be taken to see that 
all bearing surfaces are truly cut, so that when in 
position they will be in contact all over. 

Flying Shores. Flying, or horizorUal 
shores [56] are employed wherever a suitable 
abutment can be secured above the ground 
level. Their most common use is when a 
house between two others is temporarily taken 
down and the building on eacn side require 
mutual support, but they may be employed 
across a court or street in the case of a dangerous 
building, with the consant of the owner of the 
opposite building, who is, however, at liberty 
to withhold it. 

The great advantage of a flying shore is that 
the principal timber is placed perpendicularly 
to the face of the wall, and therefore directly 
counteracts the overturning force. 

* C. Hoden Stock. ** Shoring and Underpinning.” 
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of the wan* and upon this brickwork is built in 
cement under the lengths of wall between the 
neNsdles* and the new brickwork is pinned up 
ti^t under the old. If possible, the levels should 
be adjoited so as to allow of an exact number 
of brick courses being used, but if this is not 
possi^ the necessary thickness may be made 
up wi& hard slates or tiles set in cement. 

StHHIng Underplnninf and Shoring. 
Seven days are usually allowed for setting, 
then the needles are gradually eased by 
loosening the wedges or lowering the jacks, 
so that the wall takes its bearing on the girder. 
They are afterwards removed, and the holes 
occupied by tliem made good like the other 
parts with brickwork in cement 

When this also is sot the window struts may 
be taken out, and the dead shores supporting 
the doors, beginning, of course, with the upper- 
most floor, which will again take its bearing 
on the wall. Then in succession, at intervals 
of a day or two, the struts supporting the 
lower floors are removed successively, 
and they in turn take their bearing on 
the waif ; lastly, when the new wall or 
girder has received its complete load, 
and no signs of failure or settlement 
are observable, the raking shores, if 
they have been used, are first eased 
anci then struck. 

Shoring Masonry Walla. In 
the case of walls constructed of, or 
faced with stone, the method of 
applying the struts will often vary 
from that described. In the case of 
rubble walls built with a fair face [see 
Masokby] and of small stones, shores 
similar to those described may 
be employed ; but with walls 
built of larger stones, in- 
cluding ashlar [see Masonry], 
the wall-piece is often omit- 
ted. Ihe small wooden needle 
which fits into the space 
occupied by removing a half 
brick is not suitable where a 
large stone has to be cut out 
In this case a 
header of hard 
stone is inserted 
and allowed to pro- 
ject beyond the lace 
of the wall, and 
beneath it a piece of 
oak is placed, to 



Mimt 

61 . DIAGRAM OF FORCES ACTING ON 
A SINGLE SHORE 

form a seating to receive the head of the shore. 

Occasionally when great strength is required 
at some point in a wall, two systems of ^ores 
may usefully be employed doee together; in 
such a case the systems are advantageously 
arranged not parallel to each other in vertical 
]^aneo, but converging so that where the 
sthits imping upon the wall they are dose 
together, 'idiOe the feet and the sole pieces they 
rest in are wider apart, and if two such systems 
are well braced laterally, great strengui and 
stiffness is secured. 


Shoring Rulnouo sind Dangerous 
Structures. The method of dealing with 
ruinous and ckmgerous buildings will vary 
greatly with the nature of the structure and the 
extent and nature of the failure or damage. 
This is liable to so much variation that nothing 
but veiy general particulars can be given. 
The first essential is to steady and uj^old the 
building to prevent its collapse. For this 
purpose raki^ or flying shores are usually 
employed. When the building has been tem- 
porarily secured, needling may take place to 
enable defective foundations or lengths of 
walling to be removed and reconstructed. 

P In the case of buildings supported on a 
^ row of detached piers or arches, in case of 
the failure and cracking of a pier, it may 
suffice to uphold the capital of the column 
by means of a strong frame of timber 
placed round it and strutted up from a 
secure base ; but in other oases it may 
be necessary to shore up the two openings 
on each side of it upon a strongly-framed 
centre, such as is used for oon- 
C^structing an arch, and which will 
be described later. 

Old Buildings. In all oases in 
which old buildings require to be 
dealt with, it is very neceesary that 
they should be carefully examined, 
and the condition of the materials 
and structure ascertained, not merely 
on the surface of the wall, but in 
its heart. In many mediae vid build- 
ings walls are found construe ted 
with a comparatively thin external 
skin of good masonry, while the 
heart of the wall is formed of 
rubble or concrete ; if the lime used 
in forming the concrete was not 
originally of good quality this maj^ 
have disintegrated. In such cases 
it is impossible to employ needling 
unless the core can be first rendered 
solid by the introduction of grout- 
ing [see Bricklayer], It will 
usually be necessary to oompvite 
carefully the weight of the old 
building or the part of it which is 
to be d^t with ; this is particularly 
necessary where any building of 
considerable height such as a tower 
has to be upheld, as the loads to be 
supported may be considerable. In 
such a position, too, there is often 
very considerable difficulty in finding adequate 
room for the necessary supports without seriously 
encroaching on the working space and rendering 
the work of reconstructing those parts of the 
structure ^at have to be reinstatt^ extremely 
awkward and difficult. With structures of great 
height and wei|^t the work may sometimes be 
quite as economically done by tjrihg down and 
reinstating the work ae by shoring and nndor- 
pinning it ; other conaideratioiis than cost may 
however render the latter course the better one. 

ConHnutd 




THUS are the individual full pulses of the 
various measures marked out. We have 
next to consider how the pulses themselves are 
divided and extended. Here, again, the same 
simple means are adopted ; for all time divisions 
and extensions whatsover are indicated by just 
three symbols — the dot, the comma, and the 
dash. A pulse is divided into halves by placing 
a dot in &e middle of it ; into quarters by a 
comma in the middle of each half (for you must 
show the half division first) ; and into thirds 
(“ triplets ” is the StafiE term) by two inverted 
commas. When a note is to be continued from 
one pulse into the next, the continuation is 
indicated by a horizontal line (or dash). A 
little illustration may be made to include all 
these time forms : 

|d :n .8 |d :r .n |f : 8 ,f.n,f|s :l 48 ,f| 

I" 5- |B |d 1 - || 

The first measure introduces halves, the second 
measure quarters and thirds, and the last two 
measures show continued notes. Of course the 
continuation mark does not necessarily go always 
through a full pulse. Thus we may write : 

|d :-.d|n :-.rl» :-.f,n|r :d | 

where the continuation is for only a half -pulse. 
Similarly, a continuation may be carried into a 
third of a pulse, as here ; 

•|d |-...f:n.r.n |8 |-.f.r:d j 

There ere, again, other forms of quarter division 
of the pulse besides the four notes of equal length. 
A pul^ may, for example, contain a half -pulse 
note and two quarter notes, as here, where at a 
the half-pulse comes first, while at 6 the two 
quarters come first : 

(a) (&) 

|d .8 :n .r,n |8 .f || 

Another very common time division is shown 
in the following illustration, where we have a 
succession of pulses, each containing a three- 
quarter and a one-quarter note : 

ld.r:n4|8 4:n..r|n...:f .r|d | 

This time-form is frequently met with in 
marches and other music of a bold and swinging 
character. 

In advanced classical music many curious and 
minute subdivisions will be met with, the time 
notation of which — from what he has already 
leamt — the student will, as a rule, readily imder- 
stauid from the context. Special note should, 
however, be made of the way in which sixt^, 
eighths, and ninths are written. The followii^ 
illustration is taken from the authorised “ Tonic 


Sol-fa Time Chart,” which the earnest student of 
the notation should always keep beside him for 
reference ; 

Eighths S ixths (Three Accents) 

1 1 a 1 .1 1 ,1 1 ;i 1 a 1 a 1 

Ninths Sixths (Two Acsents) 

i 1 .1 i 1 .1 i 1 ;i i 1 .1 i 1 

Rests in Tonic Sol-fa are not indicated by 
characters, as in the Staff. The pulse, or part of 
a pulse, is simply left emptv ; there is nothing 
in it to sing. Thus, at a there is a full pulse 
rest at the end of the measure ; at 6 a similar 
rest at the beginning of the measure : 

. . («) (h) 

jd.ti'.d |r : | ;d .ti |d .r ;n || 

Rests may be of any length, long or short. A 
half-pulse rest is indicated by a blank space on 
one or other side of the diviaing dot. ITius, in 
the first half it will appear as 

: .1 |1 .1 : .1 |1 

in the second half as 

|1 .1 ;1 . |1 .1 :1 . II 

Quarter rests are just as readily indicated to 
the eye. For example, we see at once that 
here 

: .1 .1 .1 I .1 .1 ,1 

the first quarter is silent, while here 

:1 .1 .1 , II .1 .1 , 

the silence is in the last quarter. Hilent thirds 
may appear at first to be less clear. The 
following are the forms more generally met 
with : 

First Third Silent : J ,1 

Second Third Silent .. ;1 4 *1 

Third Third Silent :1 ,1 * 

Second and Third Thirds Silent :1 « « 
The whole matter of time-notation may seem, 
on first acquaintance, a little puzzling to the 
student. It is certainly much more original 
and novel than the notation of tune. But it is 
founded on a skilfully conceived and well 
thought out system, and the singer will soon 
discover that there is lesk difficulty in theoreti- 
cally understanding the various subdivisions of 
the pulse than in giving praotioal effect to them 
by his voice. 

One very important point has to be noted 
about the writing of Sol-fa time-notation. It 
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waa A point npon whicli Mr. Cnnrea Inid great 
•trees, and it is tliis, that ea<di pulse in ^e same 
line of music must occupy exactly the same 
lateral space. Mr. Curwen would illustrate his 
meaning by showing how in the Staff notation 
this rule is disregarded, as, for example : 



Here tiie measures and pulses fill veiy different 
spaces, according to the number of notes they 
contain. In Tonic Bol-fa they must be made 
equal, as thus : 



|i It :t |i |- || 

The pulses, to quote Mr. Curwen once more, 
are “ measured out, like the inches on a yard 
measure, and the eye rapidly values the length. 
An experienced Soi-faist keeps time by judging 
the distance between the notes, only stopping 
occasionally to look at the accent marks ; and 
when through bad printing the pulses are 
une<][ual, he is completely put out.” In writing 
Tonic Sol-fa, then, see tlmt the accent marln 
are equidistant, and that, moreover, the 

medium accent and the weak accent are of a 
size with the notes. The strong accent should 
be at least double the length of the medium. 
Here is a bad but common specimen of Sol-fa 
manuscript : 

1 • . • I • 1 

Id . n / r . d jnl • . 1 it. 1 . t | 

Should be written: 

|d :n |r :d jn |t :1 it .1 u | 

Practically, the Tonic Sol-fa notation is a 
notation which gives visual expression to tune 
and time. It sets down the notes of the scale 
in its own peculiar way, and it indicates the 
lengths of the notes, also in its peculiar way. 
Beyond that, it may bo said to correspond with 
the Staff. Its signs for staccato and legato, for 
example, are the same. Thus, when a note has 
to be stniok in a short, disconnected manner, it 
is marked above with a dot. If the staccato 
is to be crisp — ^very pronounced — a dash is 
used ; in both oases just as in the Staff. 
” Holds,” again, are common to both notations. 
The sign is familiar. It means that the note 
is to ” held ” or prolonged at the will of the 
performer. Thus, a three-pulse Dch with a 
hold over it might be made to occupy the time 
of five pulaes. The hold is of the nature of a 
rhythmical licence. Repetitions, again, are 
Indicated, as in the Staff, by the use of ** Da 
Capo,” or meaning ” return to the 

beginning,** etc. In everything that relates to 
the expreaaion of the music, to its manner of 
rendering as regaxda force and intensity, soft 
and kind, fast and riow, etc., the two notations 
make use of common terms. It would thus be 
superfluous to n^ieat the infonnation given 
uimr this head in the Staff notation papers, 
whioli the Tonic student may consult 
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with pnofit to himself. He wfH find in 
aaiy in part i, page 42, a list of ail the 
musical terms gen^ndly used for the ^fireotioa 
of singer or player. 

There is j^ one variation to be noted m this 
connection. In the Sol-fa notation the sign for 
the slur takes rather a different form frenn that 
used in the Staff. In the Staff, when two or 
more notes are to be sung to one syllatde, a 
curved line is drawn over wem. In I^Ufa, the 
plan is to draw a straight line under. So Imig as 
the line oemtinues, only one word, or one syllable, 
as the case may be, is to be sung. Thus : 

| d,rAf: i it |r l y Af |fi 

Whan Bri - tain Snt at heaY'n'i oom - maud. 

In the Tonic Sol-fa no ation there are no signs 
of {hrasing, as in the S^ff. 

When a change of key occurs there is never 
any doubt about it in the Sol-fa notation. Let 
it be premised that Sol-faists distinguish very 
sharply between transition and modulation. 
” M^ulation,” says the Staff theorist, ” is the 
passing from one key to another.” The term 
transition, he admits, ” is also used, thou^ 
principally to designate v^ brief modulations 
to keys not dwelt in.” Ine Sol-faist, on the 
oontr^y, makes transition refer to all ohanges 
of key whatsoever, transient or of lengthened 
duration ; while the term modulation he confines 
strictly to a change of mode — from major to 
minor, or vice versa. We will take transition 
first, the passing for the time being into a new 
key, where the old governing Doh gives up its 
plaoe to a new Doh foimded on a oei^in note of 
the old key. Before explaining how the nota- 
tion expresses this, we had better clearly under- 
stand the nature of transition itself. 

In a very short composition — a four-line li^rmn 
tune, for example — the composer may feel quite 
satisfied to remain in the one key mroughout,^ 
though even in the shortest oompositions 
transitions are often found. In a Icm^ work 
the ear of the listener gladly welcomes, if Ft does 
not actually demand, a shiHing of the Doh on to 
some other sound than that with which the piece 
began. In every instrument, as Hr. Curwen 
puts it, there is only a certain limited ranm of 
sounds at the composer's command, and he 
seeks to approach these from every point of 
view, to ofothe them in every colour, and to 
make his chaimes as pleasanti^ striking as 
possible. ' Mr. Oorwen msista t^t the pupil 
must be made, first of all, to fed the need of tanuw- 
tion. This is easily possible by directing his 
attention to certain m^odic factors of transition 
in which Te and Fah, the distinguishing notea of 
the scale, play the chief part. Locm at thk 
little bit of tune: 

:d {n ;-j,|r :d |f :f In :r j 

I" •• '• !• J- i 

Does not the ear instinotiv^ leei that soiiie^ 
thing is wrong about the next last note t The 
ear wants the Fah to be a “ leading note ’* to 
8ch — foek, in short, that the tah ought to he 
raised a semitone, so that theee two notes shaQ 




Ito ft now n Mk H take it thus, 
tlMive have ft wflfttvaiMitioii whm the 
tkedid l^is tomad into the JMt of the new key. 

Him m the oommopeiit of ali transitionB. 
Nei:t in freqnenx^ b the. trana^tion which makes 
the old FA um the 
new Dch* The one is 
called the /Srst sharp 
remove ; the other, ^e 
firet IkA remove* Hie 
evotutioii of the prooeM 
maybe shown by taking 
our old Modulator lor a 
centre, and writhli a 
couple of little modu- 
lators by its side^ the 
one haying its Doh 
opposite the aok of the 
centre modulator, the 
other haying its Dok 
opposite the Fah, 

Here we see at once an 
eamlanation of the terms 
** first sharp *' and ** first 
fiat remoye. When the 
old 86h becomes the 
new Doh, the old Fah 
has to be sharpened 
(raised a ** little step ”) 
in order to create a new 
Te* Similarly, when a 
Dch is set against the old 
Faht the old Te has to 
be flattened (lowered a 
** little step ”), that the 
new Fah may come 
ri^tly into pla^. 

So much for what may 
be called the theory of 
transition. We are now 
prepared for an e:]^lana- 
tion of how transition is 
^tten. It is an ex- 
ceedingly simple matter, 
l^en <he transition is 
yery short indeed, the 
new tone is written as a Chromatic note — /e, to, 
etc., as the case may be. Thus, the last six 
notM of the aboye illustration might be written: 

;r In :• |i :fe Is |- || 



But eyen here, and at any rate in the case of 
all lengthened transitions, the ** better method ** 
is adopted of writing in the new key. The 
passing oyer into this new key is indicated by 
means of what is called, yery appropriately, 
a “bridge-tone.** A smi^ note indicates the 
old iMy and the usual size of note the new. 
Hius, if Ihe old 86k or the old Fah is to become 
the new Dok, the notatimi will show it in this 
way: ^d 


Our preyious illustration would therefore be 
written as follows : 


K^F. 

:d - |fi :-jn |r :d 
jl W* :t 


1 ^ 

Id' 


Key C.t. 
:f in :h | 

- I 


The indication “ Key C ** shows the new key 
which is entered, and the t ** following it points 
out the name of the new sound not in the 
okl key which it is necessary to introduce. 
Similarly, if we pass from the key of F to 
that of B flat, as here : 

K<^F. f.KeyBt^. 

:d |r :w |f :1 |s |— | 

|f :n lr :d |t, |— || 

the “ f ** at the left side of the new key-name 
shows that Fah is the sound that was not in the 
old key. This pointing out of the new tone is 
entirely for the guidance of the singer’s ear. 
And, mdeed, in the letter notation, it is the 
singer’s oonyenienoe that is consulted first. 
Thus, at the return to the former key, the 
bridge-tone is always placed at the point whore 
it can most readily assist the singer, whether 
that corresponds with the actual thooroticid 
change or not. 

It is hardly necessary to say that transition 
is not alwa 3 rs made to a k^ of one “ remoye ” 
from the preyailing key. Inis fact the student 
can bring home to hmself by constructing a 
modulator, not with one other modulator on 
each side, but with six or seyen modulators on 
each side, each modulator in its turn taking the 

? reyiou8 modulator’s 8oh or Fah and plac^ a 
opposite it. Thus, having set oown one 
modulator on the ri^t side of we centre modu- 
lator by placing its Doh opposite the old 86hf he 
can deal similarly with the second modulator 
by placing a Fah opposite its Doh, and so 
creating a third modulator. A like process can 
be adopted for the left side. Each new modu- 
lator wiU represent a new key with a new tone 
not found in the modulator that preceded it. 
Well, we often come upon transitions in which 
the intermediate keys (modulators, let us say) 
are skipped over, so that the new key may 
require, not one, but three or four new scale- 
notes. A single example of this will suffice : 

KeyC. B.d.f.KeyE(^. 

|d':~|t :-,d'|d':-~|~:^l|l :-|t :-~jd'eto. 

Here is a transition which passes over two 
keys. The original key, observe, is C. Thus, 
to reach E flat, we have to skip altogether the 
intermediate keys of F and B fiat. More 
distant “ removes ** are much used in modem 
music, where the tonality has often a tendency 
to continual shifting. 

Now we are in a position to take up the 
subject of modulation. Most people who know 
anything at all about music know that there is 
some distinction ^tween the so-called major 
and minor modes. Briefly, a “ mode ” arises 
from the prominent use of one particular note 
in a composition. Thus, if a piece begins and 
ends with Doh, and all through has Doh as a 
sort of central pivot, it is said to be in the 
Major Mode. It, on the other hand, it takes 
Lah for its dominating note, it is said to be in 
the Minor Mode. The distinctive terms Major 
and Minor are derived in each case from the 
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thM ikboTe Uie dommAtiag iftoior. The third 
wbore Dok (me) i# Major, hmoe the mode which 
rBoogaiieft Doh ae ite ^'goremor** ic a Major 
Mode. In the eame way, the Lah mode U a 
Minor Mode, because the tiiiid above Lah {ddk) 
w a minor third. 

Formerly, thev used to have modss founded 
on every note of the scale : national folk-songs 
still survive in the Ray and 86h modes. But 
in modem music only two modes— the Major 
Mode of Doh and the Minor Mode of Lah— ate 
r^miised. The old minor mode of Lah was 
simj^y the unaltered scale founded on that 
note: 

li ti d r n f s 1 

Thus, we have the Scottish air “ John Ander- 
son, my Jo ” ending in this way : 

:li |fi, :1, |1, :i. |1, j| 

But the modem Lah mode is different. It is 
partly a concession to the exigencies of harmony, 
partly a concession to the modem ear, which 
bad got so accustomed to the prevailing major 
mode, with its-half-tone {tt) below the key-note, 
that it did not take kindly to a mode with a 
whole tone (soA) below its key-note. Hence, the 
aoh was sharpened so as to make it a semitonic 
leading-note to Lah. The result was : 

li ti d r n f S6 1 

the n taking the place of the old ioh. But here 
a new difficulty presented itself. The leap from 
Fah to Se — a tone and a half — is by no means 
an agre^ble progression ; and so the Fah is 
often raised to make a smoother melodic interval. 
What shall we call this sharpened Fah f It will 
not do to call it /e, for \t sugmts the first sharp 
key. So, In Sol-fa it is caUM ha (pronounced 
hay), and to save space is occasionally con- 
tracted to 6. It is a note artificially introduced, 
remember, having no existence except in con- 
nection with St in the minor mode. The final 
result, then, is this : 

li ti d r n ba sa 1 

There are thus three forms of the minor 
scale ; two of them diatonic (moving tones 
and half-tones), but differing as to the place 
of ^e semitones; the third chromatic— ^at 
is, introducing chromatic intervals and con- 
taining three semitones. 

The Sol-faist takes a very different view of 
the minor mode from the Staff notationist. 
The latter regards the minor mode as an inde- 
pesuient, though ** relative,” scale ; the Sol- 
faist, on the contrary, regards it as merely 
another form of the major scale — a “mode** 
of using the scale of tkh. Thus, while the 
Staff notationist speaks of the separate keys 
of C msj(w and A minor, the Sol-faist lo^ 
uptm them as practically one key; A minor, 
in his view, being merely a “ mode *’ of C major. 
Hence, in giving the pitch-note of the Imy, 
the Sol-faist always pb^ Doh first; so that 
when the Staff notationist says “A minor,** 
tbe86l^laistsays**K^O,£(ihis A.** Inshort 
ika 8ol«lsist the pitoh of both Dok and 


Lah. To a beginiier, the whole subject of the 
minor sosle or mode preeents very oonsidmble 
diffiouhioB ; in Sol-fa tiie difficulties are perhaps 
rather less than in the Staff. In either case they 
are theoretical rather than practioal. 

Mention has been made of “ chromatics.** 
These are practically the equivalents of the 
accidental sham and flats of the Staff. Com- 
poMn, says Mr. Curwen, often use an effect 
which is derived from ^e pleasure that 
ear takes in transition. They introduce a ft or 
ta, or some other note which leads us to expect 
a transition, and instead of changing the i^y, 
they contradict their intention and remain m 
the original key. If ft is the new tone in a 
“sharp** transition, it is manifest that if fah 
follows it immediately the old key is reafiSimied, 
ft blotted out. So when ta is the distinguish- 
ing note, if we pass on to fe we reassert the old 
key. This treatment is Cafled “ chromatic,’* 
to distinguish it from “ transitional,*’ thou^ 
it must observed that there are chromatics 
which do not necessarily even suggest a change 
of key. 

In the Sol-fa notation the names for the 
sharpened and flattened notes of the scale are 
shown here, first in ascending, and then in 
descending: 

d de r re n f fa f le I le t d* 
d't tal lat fef nnarrad 

It is necessary, of coume, to write these 
chromatic notes in full, so as to distinguish 
them from the corresponding diatonic note. 

Thus far we have dealt with Tonic Sol-fa 
chiefly as a notation. But it is much more 
than that. Sol-fa has a method of Uaeking 
which is, in several respects, peculiar to itself. 
For instance, great stress is laid on tiie mental 
or emotional effects of the individual notes of 
the scale. Doh is recognised as firm and bold ; 
Soh as bright and trumpet-like ; ife as calm and 
restful ; as sorrowful and wailing ; Fah as 
desolate and awe-inspiring ; Bay as reusing ; 
and Tt as shrill and piercing. Great pains are 
taken by Sol-fa instructors to impress these 
emotional effects on the minds of pupils, and 
practical experiment is eveiy day proving that 
their recognition is a veiy great help to the 
correct singing of the notes. Of oouiee, the 
effects describe apply strictly only when the 
notes of the scale are sung or played slowly. 
A quickly moving rhythm and certain forms 
of accompanying hannony m^ each greatly 
modify the individual effects. Thus, the minor 
mode, which sounds sad and solemn in a measured 
movement, may be made to sound quaint and 
jovial when sung rapidly. 

Out of these mental effects may be said to 
arise another special feature of Sol-fa toa^^hiwg — 
namely, the use of manual signs for the various 
notes of the scale. Thus, every numna.! sign 
endeavours to suggest the emotional charac- 
teristic of the tone for which it stands. The 
clenched fist typifies the finmieas of Doh; 
the lestfulness of Me ig indicated by the flat 
palm ; the ronang diaraoter of Bay the miaed 




palm ; and so on. These signs, whioh we here 
reproduce by permission of Messrs. Curwen 
& Sons, are much used in popular olaiises, 
either when the teacher desires to remind his 
pupils of the mental effects just described, or 
m voice exercises, when it is desirable that the 
singer’s attention should not be distracted by 
having to look at book or modulator. A system 
o{ manual time-signs is much less used. 

A third- feature of Sol-fa teaching is the 
separate study of tune and time. Tune is 
taught first from the modulator, and then time 
is taught by itself, largely by means of a set of 
“ time -names,” the improved invention of a 
Frenchman, M. Aim6 Paris. It would occupy 
a great deal of space to give a complete list of 
these time-names, with the corresponding nota- 
tion. The following illustration introduces the 
rhythmical forms most frequently met with : 

Id :n if is n :1 id'ls I 

llte Tba ilW • m iTMTftl TaaTUlTiM • m | 

Ifl .f |r ; d.t|.dj' |w : j 

if :n Id'yfji :dAi Id || 

Itte Tm IlkfaTU te teTil |tm • m. || 

In applying these names to his early exercises, 
the Sol-fa pupil sings them on one tone till ha 
has mastered the time, and only then does he 
tjry to combine the time with the tune. The 
value of the method for b^;inner8 is obvious. 
It gives them a confidenoe whioh they could not 
poanbly acquire so soon in any other way. 


Much more might be said about the Sol-fa 
method of teachh^ if one had ** ample room 
and Ycm enou^^.” Mr. Curwen has admirably 
summedf it up in a few words : ** To let the easy 
come before the difficult ; to introduce the real 
and concrete before the ideal or abstract ; to 
teach the^ elemental before the compound, and 
do one thing at a time ; to introduce, both for 
explanation and practice, the common before 
the uncommon ; to teach the thing before the 
sign, and when the thing is apprehended attach 
to it a distinct sign ; to let each step, as far 
as possible, rise out of that which goes before, 
and lead up to that which comes after ; and 
lastly, to call in ihe understanding to assist 
the skill at every step.” These principles find 
their most exhaustive explanation in “The 
Teacher’s Manual of the Tonic Sol-fa Method.” 

In Btud^dng harmony [see Theory or Musiol 
the Sol-faist uses a chord-naming notation of 
his own. In the Staff the chords are indicated 
by a system of figured basses. In Sol-fa the 
nomenclature corresponds in simplicity with 
the notation of tune. Each chord of the scale 
is named by its Sol-fa initial letter, printed as 


a capital, as here : 

n 

f 

d 
d 
D 


r 

t 

s 

B 

S 


d 

1 

f 

f 

F 


r 

1 

f 

r 

R 


n 

1 

d 

1 

L etc. 


In the minor mode the chord capitals are 
printed in italics. Chords in their direct form*- 
that is, with the root in the bass, are said to be 
in the a position, but in the nomenclature the 
a is always omitted. The further positions 
(inversions) are indicated the letters 6, o, d, 
etc. , as the case may be. Thus : 

d n B r 

B B r t 

d d B B 

n B t r 

Dh Dc Sb 8c etc. 

The minor dominant chord — n, B6r Rf t — 
is known as ••M. When a seventh, a ninth, or 
a fourth is added to a chord (remember that a 
common chord consists of root, third and fifth), 
the fact is indicated fcy a little figure at the 
upper left-hand side of the chord-name : 

^8 *8 ^8 etc. 


Passing notes, a^in, are indicated by an italic 
p printed under the chord-name— p only when 
the passing note is dissonant, cp when consonant. 

Such are the general principles of the Sol-fa 
notation and method of teaching. For minute 
details it is necessary to consult the published 
m a n ual ^ and treatises of the Tonic Sol-fa Press, 
in particular “ The Standard Course of Lessons 
ana E^roises in the Tonic Sol-fa Method of 
Teaching Music.” The Staff notation musioiaa 
who damres to study the notation in comparison 
with and from the special point of view of his 
own notation should see “Tonic Sol-fa,” by John 
Curwen, in Novello’s “ Muaio Primers series. 


Tonic Sol-fa Concluded 
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60 per oeni. profit. Ho ium veiiolly to allow 
fair diaooBiitr to tlie poroliaiQr, up to 20 per 
oent. Still, liio ptcAta poaaible are good. 
Wlien drapm take op and posh the department 
the^ OBoa]^ play liaToo with profits of more 
legitimate traders in their neighboorhood, 
bot rery freqoently the draper selis only very 
ehoap staff, mving the better trade to othera. 

A fair proportion of the trade in baby carriages 
is a cash trade, yet payment by instalments is 
beomnin^ every year more common. Bat the 
trade wtsefy renises to admit porchasers of 
low-priced goods to the advantages of gradual 
payments, wr the simple rea so n that soon goods 
mi|^t be worn out Wore full payment had 
been made. Full list prices, bearmg the profit 
of 50 per cent., ^ould be secured on all instal- 
ment business, and even so it does not pay 
exceedingly well. It demands the carefm 
watching of each individual account. 

Other Departmenta. A natural branch 
of a baW-oarriage departoent is the selling 
of baby-cnairs. There is always a steady 
demand for those of the three position type, of 
which Plant*s patent was the pioneer. They 
yield profits similar to baby-carriages. Rocking- 
horses and children’s toys are aho frequently 
added, and should always be so if baby -carriages 
be the main department, as toys form a good 
winter trade, especially at Christmas-time. 
Bath-chairs also usually fall to the baby-carriage 
dealer, but their sale is exceedingly limited 
except in watering-places, and it may be well to 
avoia stock. 


Selling. The dealer who makes baby- 
carriages a prominent department should strain 
every effort to be looked upon in his neighbour- 
hood as the leading man tor such goods. The 
trade is particularly susceptible to influence 

advertisement in the local newspapers. We 
have known excellent results attaint by the 
practice of posting a neat price list and circular 
to the addrosses given in the birth columns of 
the local press. 

Repairing. The repairing of baby- 
carriaM is not an extensive trade, but it is 
exoeediDgly remunerative. The stock necessary 
for its proscKsution is not large — an assortment 
of indiarubber tyres, a few brass axle-caps, 
and some handles, being almost all that is 
necessary. Tyre-fitting pays well. The rubber 
lyres may cost not more than lOd. per pound, 
and a ch^e of 5s. or 6s. for fitting tour wheels 
with new tyres will show a profit of half the 
price, even allowing lor the labour of fixing. 
A new form of tyre with a wire centre has the 
double advantage that it is bought in coil, 
so riiat an assortment of sizes need not be kept, 
also t^t it may be fixed without heat, thus 
avoiding injury to the painted rims. When 
baby-carriage repairs include painting or up- 
hokteriiig, they have usually to be smit to 
odier tradesmen to be done, as the dealer is 
seldmn sufficiently expert in either work. In 
such cases smaller profits must serve—say, 
26 per cent, upon the total charge. 

The hiring of children’s vehicles 
is oommcm, especially in summer resorts. It is 


remunerative, but charges ▼aiy, so that no 
general estimate can be given. Perhaps 28. 6d. 
to 6 b. per week may be aooepted as an average 
I»ioe for an article coating 408. to 60s. Hiring 
charges should be framed so that the cost price 
of the article is recovered by a season’s hiring 
of, say, four months. 

BABT-UNEN OUTFITTEBS 

A Womna*a Sphere. The vending of 
baby-olothes is essentially a woman’s occupation. 
It has many attractions for womankind, and 
especiaUy for those who have known the joys of 
motherhood. It is an ideal occupation tor a 
widow with only a small capital, and if she has 
any business ability, it can 1^ m^e not only the 
means of a livelihood, but even of scouring a 
competency. Many married women with busi- 
ness aspirations start a baby-linen shop in 
order to augment the income of a delicate or 
otherwise unfortunate husband, and the woman 
with tact, taste, and ability to use her hands,” 
invariably succeeds. 

Capital and Shop. With a sum of £100 
to £160 in hand, a fairly advantageous start may 
be made, the neighbourhood selected being, for 
preference, a popular residential one. Amain 
street is not essential, unless the adventuress 
has ambitions beyond a merely family business. 
The trade is primarily a personal one, and a suit- 
able shop should be cnosen in a neighbour- 
hood where mothers and children abound. The 
shop need not be large ; in fact, it should 
be small, with living-rooms attached, nicely 
painted, and kept scrupulously clean and neat. 
The fittings should include a counter with a 
glass top (many of which may be picked up 
secondhand for about £6), several dummies of 
children at various ages, a few brass uprights 
of different lengths for displaying bonnets, 
hoods, cloaks, etc., and a brass stand with 
glass shelves. One side of the shop might be 
fitted with wood shelving for the various articles 
that come in, and to carry cardboard, mill- 
board, and cloth-covered boxes of useful sizes, 
that are necessary for stocking small goods. 
A large mirror should also be provided. The 
window should have upright fittmn, with brass 
movable arms projecting on either side. A 
sum of £15 ought to cover the cost of the entire 
fittings. 

The Stock. The requirements for a baby- 
linen business are, broadly, all the articles of 
apparel necessary for a child from the moment 
of its birth until it is three or four years old. 
First of all, there is the layette. This includes 
infants’ shirts, long day flannels, night flannels, 
longcloth petticoats, day gowns, nightgowns, 
wovCTi cotton swathes, flannel swathes, diapers, 
Turkish squares, flannel squares, woollen boots, 
robes, cloaKs, and hoods. The next — technically 
known as the “ shortening Bta«e is provided 
for by a supply of short frocks (made of nainsook, 
India twilh silk, or cashmere), bibs, cambric or 
longcloth slips, pelisses (in serge, piqn6, or 
marcella — ^plaim trimmed, and eml^idered), 
pinafores (nainsook ^ and lawn), white and 
coloured wori socks and bootakins, and inf antees 
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(or fiagttrlflM a^Tas) in Lisld Uirecd, silk or 
wool fbr doer ehildren proTimoii must be 
made by an aaaortment of walking-ooetumee, 
sleeping-enito, kniokere, epenoera, overalls, and 
gaiters cloth and wool, not forgetting petti- 
coats, ohemises, and nightdresses. 

An Opening Selection. One advan- 
tage this ^iness has over general drapery is in 
the fact that there is no variety in sizes. The 
garmenti are mosUy all of one size, and a 
beginner who is wise will not have a great variety 
of any one article. To the inexperienoed 
every help is given by the wholeside baby- 
linen houses, any one of which will supply a 
complete assortment to suit all classes. It is 
not advisable, however, to leave matters entirely 
in the bands of the wholesale house. Hie 
endeavour should be to work as much as possible 
on sample lines at ^rst, gradually increasing the 
stock as the business grows. The clever womui 
will make her stock as much as possible at home. 
At any rate, she should out out and plan herself, 
and in these days of universal sewing machines 
the work can run together by an assistant. 
She should buy pieces of flannel, nainsook, or 
longoloth, and out them up to the best 
advantage. Therefore, with the majority of 
articles, the t>pening order should be for one 
sample of each, unless, of course, in the case of 
cheap things, such as swathes, woollen boots, 
diapers, and so forth, several of which are 
required at once by each customer. About £5 
would be spent on a variety of robes and monthly 
owns, and a similar sum on nightdresses and 
annels. With such things the best way is to 
buy six quarter dozens at three different prices, 
varied according to the class of business. A 
stock of daygowns would cost £2, of hoods 
£2 10s., and with another £10 a fine assortment 
of miscellaneous articles, like slips, swathes, 
etc., could be obtained. In shortening goods, 
£5 would be expended on dresses, white and 
coloured ; £2 on pinafores ; another £2 on 
gaiters, stay-bands, petticoats, Ac. ; £5 on hate 
and boxmets, and £2 on bibs, spencers, and 
sleeping suits. 

Aoceaaoriea. There are many little things 
incidental to the business upon which we have 
not yet touched. These all tend to swell the 
proflte : they cost little and look imposing. 
First may be mentioned macintosh goods, such as 
aiHt>n8for the nurse, acoouchmentuieets, diapers 
for the mother, sponge-bags, and pilches. An 
outlay of another £2 on these, and two bassi- 
nettes--one trimmed and one not — would cost 
another £2. A toilet-basket trimmed, and 
another untrimmed, would not come to more 
than £1, while a selection of trays, dotted here 
and there in the shop, with puff-boxes (including 
a loose selection of powder-puffs and violet 
powder), babies* hairbrushes and small combs, 
costs little money, looks well, and generally draws 
the purchasing parent The hairbrushes, puff- 
boxes, etc., are made of pearl, ivory, celluloid or 
bone. Thmi, baby-linen and ladies’ underwear 
invariably ^ together in the big drapery houses, 
but the b!^inner would not be i^e to launch out 
strongly in that direotioii at first However, it 
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mi|^t be found expedient to spend £15 on iuf;ht- 
dressee, chemises, camisoles, and oombmatKxas 
for young girls snd ladies, and by-and-by these 
might be augumented by a select assartanent of 
damty underskirts, kniokm, nighteowns, corsets, 
dress^-gowns, and tea-^;owns. Taste neat- 
ness in window and in mtemal shop display is 
necessary. Hie window should be lightly 
dressed, with not too many articles displayed, 
and it should be dressed <uuly. A few of the 
dummy children arrayed in aU their glory are 
usually placed at the back. Hoods, drmses, and 
coats could be dotted here and there about 
the shop on the stands aforementioned. 

The Question of Profits. Drapers 
generally concede that baby-linen is one of their 
best paying departments. Experience in drapery 
is a help but not an actual necessity to make a 
success as a baby-linen vendor pure and simple. 
Provided the woman who essays to make a 
living at the trade has a fairly level business 
head, an average profit of from 33| to 40 per 
cent, is possible. A boxmet selling at Ss. lid. 
would probably cost 28. 6d. ; pelisses costing 
Ss. 3d. sell at 4s. lid. Towelling at 3s. per 
dozen, on the other hand, would perhaps have 
to be sold at Ss. lid. ; but, taken ^1 in all, the 
profits are as stated. It must not be forgotten, 
either, that a woman “ handy with her fingers ” 
can make many things, such as babies’ bonnets 
and dresses out of next to nothing, and thus 
swell the total profit. A smart woman will turn 
over her stock six times a year. Her expenses 
in a small shop such as we have sketched (rent, 
£40 ; rates, £10 ; gas, £10 ; and errand boy or 
girl, £20) would ^ about £80, so that if she 
started with £80 stock, turned it over six times 
a year and made an average profit of 33^ per 
cent., she would be £80 in hand at the end of the 
year. This is calculating on good, straightfor- 
ward trading, but the beginner whose net profit 
at the end of the first few years does not come 
up to that sum, or even the half of it, need n6t 
necessarily be discouraged. The same buying 
terms ana credits apply to this as to the drapery 
trade. 

BAG AND TRUNK DEALERS 

In large cities the selling of ba^, portman- 
teaux, and trunks may be a special business, 
but in smaller towns the trade is usually allied 
to the ironmongery, drapery, or house furnishing 
trades. We may consider first the capital and 
equipment necessary for a distinct bag and 
timik dealer in a prominent city thoroughmre. 

Premises and Fittinge. Ihe shop 
must be fairly large, as the stock is bulky, and a 
first-class tr^e in London demands premises 
with a rental of £350 to £500 a year. The fittings 
are expensive items. They must be good and 
up-to-^te. The front wmdow ought to be 
enclosed and dustproof, with plenty of movable 
glass shelves and brackets. Its would be 
about £25. The side farthw from the door may 
be fitted with a large pUte-glaas mirror. A 
large wall-case about 6 ft. high is a deeindile 
part of the eouipment, and should also have a 
silvered glass ba^. The cost of this would be 
about £S), bi\t if this sum be oonsiderad too 



heav^ a oha^, black paper may be used for 
backing. It is the material next b^t for showing 
up the goods displayed. Then £26 might well 
be spent upon a counter-case with glass sides 
and ends, with plate-glass top, and with mov- 
able glass shelves. All woodwork should be 
black, for the reason already given. The shelves 
may be of deal, painted Mack. For trunks, 
suitable racks may be made of ordinary gas 
tubes — say, three rows of two pipes, supported 
by wooden uprights, provided w’ith holes to 
allow the horizontal tubes to be changed as 
required. The ceiling whitened and the walls 
washed in a blue-grey colour, plain linoleum over 
the entire floor, a few good rugs, and six black 
bent- wood chairs will complete the decoration 
and the fittings, at a total cost of about £100. 
Electric light is the best illuminant, as it allows 
the goods and the shop to remain fresh longer 
than gas, but the latter should be laid on for 
emergency use. 

Capital and Staff. The trader beginning 
in the manner we suggest must have not 
less than £500 capital. Our scheme of fittings 
and decoration has left him rather less than 
£400 for stock, not a penny too much. Wholesale 
merchants or manufacturers will, if they know 
their man, accommodate him by giving three 
months’ credit and allowing full cash discount. 
Even so, it may be necessary to grant bills for 
part of the stock account, especially if business 
moves somewhat slowly at first, but it is bettor 
to mortgage the future thus than to deplete 
entirely the bank balance, because rent, taxes, 
and current expenses are steady periodical 
charges which may not wait for settlement. 

The only shop assistance required by the 
beginner would be a boy fresh from school, 
at 58. or 68. a week, and a porter at 208. a 
week to do packing and unpacking, cleaning 
a^d sweeping, and to carry home purchases. 

Profit. The profits in the trade are good, 
seldom less than 33J per cent, upon turnover, 
which means 50 per cent, upon invoice prices. 
More may often be had. Gladstone bags costing 
7d. or 7Jd. an inch may be sold for lid. or Is. 
an inch, and as stock can usually be replaced 
quickly, it may be turned over throe or four 
times a year. 

In the larger articles of sale fashion docs 
not change much, and the stock is not apt 
to become soiled, hence there is little loss by 
depreciation. In fact, a trunk or a leather 
bag that has lost its pristine freshness without 
having become damaged is often preferred by 
the purchaser. 

Bags. Besides kit-bags, square bags, glad- 
stone bags, and brief-bags, stock must be kept 
of many varieties that come under the general 
heading “ bags.” Small fancy bags for ladies’ 
shopping are in good demand. Ba^ to hang from 
the waist, from the plain Is. article to artistic 
patterns in coloured leathers, are also much sold, 
especially when shown, as they make acceptable 
presents. They must be stocked in many 
colours, to match the dresses of the wearers, and 
letaU as high as SOs. each. Courier, brief 
square bags, ^adstone and kit bags, shouUi be 
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in a nice nut shade of brown cowhide, and it is 
well to show them in sets ranging from the 
smallest to the largest. All may l)e kept in 
three qualities, the best lined with leather, tan* 
colour^ for preference. Black leather bags have 
a very limits sale, and the stock of them should 
be small. 

Fitted Bags. Fitted bags for ladies should 
be stocked from 2 Is. upwards. The cheaper 
qualities are usually in black roan leather, and 
the better varieties, from 638. upwards, in tan 
hide, lined witli red leather, and fitted with ebony 
brushes and silver-topped bottles. A special 
lino is often made of ladies’ fitted bags, at 5 
guineas, in varieties leather lined with watered 
silk to match, or to contrast w ith the outside. 
At higher prices — say, 7, 8, and 10 guineas each 
— one of each kind will suffice for stock. Largti, 
cumbersome bags ore not now wanted. The 
usual sizes are 12, 14, and 16 in., with the 14 in. 
in greater demand. Fitted bags, combined for 
imm and wife, may also be kept, although they 
sell in smaller quantities than those mentionedL 
Suit cases, fitted bags for gentlemen, and 
“ Saturday to Monday bags are also necessaiy 
in several varieties and qualities similar to the 
stock of ladies’ fitted bags. By purchasing the 
fittings direct from the makers and not from 
the manufacturer of the bags quite 10 per cent, 
may be saved, and the fittings may be arranged 
to the individual taste of the seller, who may 
thus always have sometliing difft'.rent from the 
articles being sold by his competitors. 

Small holdalls for ladies’ use. 24 in. wide, to 
sell at 58 , 27 in. at 58 Od., 30 in., 78. 6d., should 
Ix^ a cut line, and bo made of smart twtxxis, with 
brown leather bindings, straps and handles. 
Better patterns, to sell at lOs. 6d., and larger 
sizes at about 21s., for gentlemen's and family 
use, should also be in stock. 

Other wartis neci'ssary for stock include 
dressing-cases for both ladies and gentlemen — 
the cheaper qualities bought direct from Ger- 
many, and the better made up, similar to the 
fitted bags already described ; dross-boskets, in 
sizes from 24 to 36 in., selling at 1b. to Is. 6d. 
per inch ; shallow dress -baskets, in two sizes, 
39 and 42 in. ; gentlemen’s hat-boxes, from 
the light basil article, retailing at 128. 6d., to the 
light-weight solid leather variety, with places 
for straw, bowler, and silk bats ; bonnet boxes 
in good variety, from the cheap design covered 
with American cloth, and selling at 3b. 6d. to 
78. 6d., to the leather-bound style, with four and 
six wire cones, retailing at 126. 6d. and 21b. 
respectively ; holdalls and rug-straps ; and, 
finally, gun-cafles, cartridge-cases, and game- 
bags. 

Small Wares. In the smaller articles, 
all of which are remunerative, purses are the 
most important. They have a steady sale. 
The humble shilling article must not be neg- 
lected, as it is a favouritci Prices range up to 
308., at which figure they should be mounted 
wirii 9-ct. gold. Most purses are of foreign 
manufacture— the cheap, useful kind, German ; 
the best, Austrian, from Vienna ; only the pig- 
skin and some others, in which strength and 





not elegance is the prominent feature, are made 
in England. 

Letter and card cases, cigar and cigarette 
cases are always in request for presents, and 
just before Cnristmas-time stock should be 
heavy, as delay in having orders for new stock 
fulfilled is common. The favourite price for a 
letter-case is 2 h. Od. ; for a card-case, Is. ; for 
a cigar-case, 2s. 6d . ; and for a cigarette-case. 
Is. (id. The Ix^tter qualities should Ixi kept 
in such leathers as long-grain Morocco, shark, 
lizard, anJ sf^alskin, olejjhant, and crocodile. 
The favour! t<i leather is golden crocodile, cither 
dull or polished. Tiie /idditions of nionograms 
U) these goodii is remunerative^ Other articles 
in this department include dog-leads, collars, 
and whips, whistk«, watch bracelets, collar, tie, 
stud, and jewel box(*s ; leather luggage labtds ; 
tourist, writing, and music; castrs and portfolios. 

Trunks. Most dealers in leather gootls 
whose stocks wi^ have heim re vie; wing l(;ave to 
the ironmonger the sah* 
of steel trunks, holding 
them to out of {)]ac(‘ 
among the heather goods. 

This can don(‘ without 
much regr(‘t, as they arc* 
less remunerative than 
the goods which the hag 
and trunk dealer handles. 

Steam(‘r trunks arc an 
important item. Tlio 
length may bo from 30 
to 42 in., hut the height 
should not exceed 14 in.. 

Jis this is the limit allowed 
hy some steamship com- 
panics. The l)t*Rt varieties 
are made of compressed 
cane, hut (his material 
is finding a serious rival 
at little more than one- 
third the price since the 
introduction of trunks 
of throe - ply wood. 

Steamer trunks are not 
usually sold fitted with 
a tray, but customers apprt^eiate the conveiiience 
of this acoeasory, and the trader who carries 
stock so tilted is well advised. Many other 
styles of steamer trunks are made, the cheaper 
being of wood covered with canvas and strapped. 
Overland and imprial trunks are made, and 
must be stocked, in similar variety to steamer 
trunks, including the P. & 0., Orient, and 
troopship regulation size trunk. If in London, 
samples of bullock and transport trunks may 
also be held. 

Added Departments. We have indi- 
cated briefly the nature of the stock of a general 
bag and trunk merchant who would hold a 
representative assortment of the goods he 
professes to handle. As business grows, and as 
funds permit, he may add other wares — such as 
small silver and iv:>ry articles, nicknacks, clocks, 
thermometers, games, and playing-cards, sundries 
usually associated witii the stationery trade, 
such as fountain and styiographio pens, gold and 
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silver pencil-cases, letter balances, attd photo 
frames, especially those for the pocket ; also 
fans, flasks, picnic and tea baskets, walking- 
sticks, and other objeerts suitable for presenta- 
tion. Articles which naturally fall in with the 
trade are fittings for bags, such as combs and 
brushes, razors, pocket-knives, and scissors. 

Repairs. The repairing department may 
be made exceedingly profitable, and, if possible, 
a man should l)e retained on the premises to 
execute the work, promptness Mng usually the 
essence of any repair job. Initials should be 
stamped on all leather goods bought, and painted 
on trunks, without charge. If stock of silver 
letters kept for finer articles, they may Ix" 
fixed while the purchaser waits. They may be 
iMJUght at .38. a dozen, and sold at 6d. each. 
I..arger ones cost (is. a dozen, and sell at Is. 
(;ach. Silver monograms may lx? bought for 
Is. (kl., and sold at 28. (kl. 

Terms of Selling. From its nature 
this trade is principally 
of a cash description, as 
the chief customers are 
travellers, many of th(mi 
rn voyage. Cr^it must, 
however, be given some- 
times to residents in the* 
noighlwurhood. Soim; 
months bring much busi- 
ness, and some are very 
quiet. The best time of 
the year for London 
dealers is from August 
to October. The starter 
should o[X‘n shop in June, 
as he may thus take 
early advantage of the 
busy time. 

As a Side Line. 

We have depicted the 
bag and trunk raerchan: 
who begin business in a 
good street in a large 
city. In a smaller city 
articles of a cheaper class 
than many wo have 
described are more suitable. There are always 
specific factors which no general article can take 
into calculation. The ironmonger, draper, 
saddler, or other tradesman, who w'ould embark 
in the selling of bags and trunks as a side line, 
would do well to invest capital only in such 
goods as steamer, overland, and imperial trunks, 
gladstone, square kit, and brief bags, holdalls 
and rug-straps, and enlarge his scope as he 
gains experience. He should always have on 
hand pneed catalogues, showing particulars of 
the other articles we have mentioned, in order 
not to lose the opportunity of selling from the 
list should occasion offer. 

BAKERS AND CONFECTIONERS 

The business of a baker is essentially one 
wrhere manufacturing skill and commercial 
ability must go band in hand to the attainment 
of BucocsB. An average degree of both qualities 
will yield better results than an excess of the 
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one and a conspicuous lack of the other. The 
man whose knowledge of the art of baking 
enables him to excel on the practical side win 
fall far short of high success unless he unites 
with this practical ability the commercial 
ability to adjust expense to output, to market 
his products efficiently, and to sec that the 
profit-sucking leeches of waste in manufacture, 
distribution, and the collection of accounts finds 
as small a hold as possible upon the organism 
of his enterprise. Many of the cautions neccHsary 
for observance by the successful baker are those 
essential in any department of commercial 
activity, and it is not our intention to put stress 
upon them here ; but for the discussion of the 
requirements peculiarly pertaining to the baker 
and confectioner this is the fitting place. 

Scientific Baking. The establishment 
of baking upon the scientific basis which is 
becoming more and more the foundation <ui 
which tlie fabric of the industry rests in this 
country may l>e 
said to date from 
the Healtheries 
Exhibition, held in 
London in the year 
1884. At that 
function attention 
Avas first promi- 
nently draum to 
the possibilities of 
machinery in bake- 
house economy, 
and, like yeast in 
the dough, a fer- 
ment of unrest be- 
gan to operate in 
the trade corpus, 
requiring for its 
satisfaction tlu^ in- 
troduction of the 
best baking plant 
which engineering 
skill and* an appre- 
ciation of the ends 
to be attained 
made possible. 

Then one could see on all sides bakers’ shops 
with the legend “ Model Bakery ” or “ Steam 
Bakery,” indicating that precedent had been 
neglected and modem scientific methods intro- 
duced. Tliese signs arc to be seen less frequently 
now. Establishments where they might be 
exhibited have become almost the rule, not the 
exception. 

Technical Education. The first 
essential to a successful baker is a knowledge 
of baking. Such a statement may seem to l)o 
entirely gratuitous and superfluous, but it is 
not so. By a knowledge of baking is meant 
not merely the experience gained by years of 
practice between the dough trough and the oven, 
and an acquaintance with only the mechanical 
side of the business, but the much higher skill 
in which science is wedded to practice and the 
reasons for processes are understood as well as 
their manifestations. The scientific side of 
baking is receiving attention as never before. 


The National Association of Master Bakers and 
CJonfectioners has co-operated w ith the Borough 
Polytechnic Institute in the Borough, London. 
S.E., and they haA’e spent thousanos of pounds 
sterling in facilities w’here the rank ana file of 
the trade may acquire a thorough technical 
knowledge of bread-making. In the institution 
mentioned there is tlie onl^ permanent college 
of baking in the United Kingdom, and every 
aspirant to snceess in the business of baking 
should take advantage of the oj)portimitit‘H 
offered. There are two largo hakt^ries, equip}>ed 
with modern machinery and appliances, and 
practical instruction in both hnnul-making and 
confectionery is conveyed. Other subjects 
W'hich may bo studied under competent pro- 
fessors include chemistry . physics, biology, and 
drawing and modelling, all in their relation to 
tho manufacturti of bread and confectionei\v. 
The school session lasts from Septemhor to May. 
The most rapid progn'ss is to he secured by 
attending the day 
classeH, held be- 
tween the hours of 
a.m. and A }).m. 
It is found tliat 
day sludeuts arc* 
recruited almost 
exclusively from 
the sons of m/ister 
bakiTH. 3^’or those 
whoso vodition 
comj)elH them to 
he employt'd dur- 
ing the daytime, 
evtming claHHi‘S are 
available on two 
(lays a W'(*ek ff)r 
each subject. Both 
ciaHKes of students 
must sit for tlu' 
official examina- 
tions held by tlu* 
City and Cuilds of 
Londcui Institute 
in conjunction with 
th(' National Asso- 
ciation. The class foes for day sludimts are 
£0 fis. per session and for evening scholars 7 b. fid. 
for an elementary course and 10s. fid. for an 
advanced course in either class. 

Provincial Instruction. The un- 
doubte^d success of tho National School of 
Baking and Confectionijry in London has in- 
spired provincial oentres with the ambition to 
off(5r similar facilities for the? study of the art of 
bread-making. The sum of about £5,0(K) has 
been rais.'d to found a school of baking and 
confectionery in conn- ct ion with the Glasgow 
and West of Scotland Tcchnicid Cedlege. Tiie 
institution of the school has not yet been 
accomplished, but it cannot be long delayed. 
Evening classes, confined to those engaged in 
the baking trade, are held in many jirovincial 
towns, including Manchester, Belfast, Hull, 
Liverpool, Bristol, Ayr, Hamilton, Kilmarnock, 
and Glasgow. In addition to these the pro- 
fessors at the National School visit selected 
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durSog tlie itiiiitaeir monthit fleonre a 
mwmie aad op^ obaset tor bakers in tbe 
distrbt Tile session at these summsi: classes 
laats nsw^ly from 5 to 8 weeks, with two days* 
Instriietioii in each week* Thus, while some 
towns are more favoured thmi others in ihe 
opportunities for bakers to receive instruction 
in the science of their craft, the agencies are 
fairly well distributed, and scarcely 
a biucer m the country would 
unable to take advantage of one 
or other of them if the desire 
were keen. 

The Bakehouae. Tliis is 
not the place for any technical 
digest of the principles of bread- 
making, which will be treated in 
another part of the Self- 
Edttcaior. The commercial side 
of the business only lies within 
our province, and in reviewing 
the baker’s equipm mt wo shall 
begin with the bakehouse. The 
t(‘chnically -instructed tradesman 
naturally wishes to instal the 
appliance's which will give bcopo 
to his scientific knowledge, and 
assuming tliat ho must study economy in his 
disbursements lie may be recommended to 
invest in an outfit of the following details. 

1 Peel oven. 

1 Flour-sifting machine. 

I JDough-rnixing and kneading machine. 

1 Gamming and temfioring cistern. 

These items will cost him 
about £1/50, in addition to 
which ho must hear the cost 
of preparing the lirick founda- 
tion and cliimney for the 
oven, unless, indeed, he is 
fortunate enough to secure as 
a bakehouse a building in 
which these arc' already fitted. 

Some bakers’ outfitters are 
willing to quote for, and 
undertake, the whole installa- 
tion, including any neci'SKary 
bricklaying, and it is often 
the wiser course to allow them 
to do so. A permanent oven 
built in the usual manner 
iKTomes, of course, a land- 
lord 8 fixture, and tlie tenant 
can neither remove it nor 
demand any consideration for 
it upon the expiry of his lease. 

^^hould the ttuiant, however, 
take the precaution to have 
one layer of timber placed 
below the oven, but over the 
foundations, he will thereby 
reserve to himself the liberty to remove the 
oven whenever he may wish, as this provision 
prevents the structure from being considered a 
permanent fixture. 

The wisdom of acting in this way does 
not lie in the value that would attach to 
the oven* ehoiUd he decide to mnove it^ 
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but k making the landlord !«» lialde to aeek 
to increase ihe rent upcm any renewal of the 
letting term. 

The baker may f»ve £50 of the outlay sug- 
gested above, if he will content himself with a 
portable oven, but imless there ore stringent 
reasons for so doing he will be wise to give the 
larger sum for the more permanent article. 

His sundries, including two dough- 
' tables, a dough-trough, a bread- 

rack and a complete equipment of 
utensils will increase the bill by 
£25. 

Some expenditure will be occa- 
sioned by the confectionery 
department, into which, it may 
be assumed, our baker will alira 
venture. A sponge-whisk will 
cost about 218., and a full assort- 
ment of tins, moulds, pipes, and 
all the necessary utensils may be 
put in at a cost of from £10 to 
£ 12 . 

A small power whisk would 
cost £,S 3s., and a cake machine 
£20, but these would be an un- 
necessary expense until the con- 
fectionery trade bad developed very much 
indeed. 

Output. A plant such as we have sketched 
will permit an output of 15 to 20 sacks of flour 
per week, including £6 worth of smalls and 
confectionery. Even 25 sacks might be put 
through, but this would bo difficult, and could 
scarcely be maintained. The 
limit is reached, not by the 
machinery, but by the oven. 
The machines we have men- 
tioned could be worked up 
to the baking capacity of two 
ovens, hence, doubling tbe 
capacity does not double the 
cost of the equipment. This 
is a detail which illustrates 
how the larger producer can 
often compete against the 
smaller man upon more 
favourable conditions. 

Assistance. We have 
assumed that our baker com- 
mencing business is to be his 
own chief workman. There is 
small chance of success other- 
wise. An enterprise on such 
a scale would be unable to 
support a proprietor who did 
not earn a workman*s wage 
by labour in his own bake- 
house or by delivering his 
bread. He would want a man, 
whose wages would depend 
upon localitv. London bakers earn 25s. to SOs. 
per week ; bakers in the En gl i mb provinces 24s. 
to 288. per week ; but in Scotland higher rates ore 
common, and the average may be token at 32a. 
a week. A foreman l^ker m a smaU bake- 
houw earns about 6s. more than an ocdinair 
nuKL A yonth os improver may be bod at 
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Ijli; A wmk fax haokaX, ar at Kk. 4 wedk in the 
ptovinooi. He will be mefal ontstde the 
bitohoiiae ee wdl a» in it, aiui may do the oos- 
toman’ nmnde with board, barrow or cart. But 
the baker ehonld nevmr trust entirely to 
bis improver, bat should take oare to come into 
personal contact with his customers periodically, 
^us he may receive complaints, learn the wishes 
of the customers, and check the accounts owing, 
if there be such, for a 3 routh entrusted with the 
handling of money is often tempted to appropriate 
it, a practice which usually begins in borrowing. 

Buying Flour. There is great competi- 
tion among the millers for the custom of the 
baker, hence there is no uniformity in the terms 
upon which he is required to pay for his flour. 
Payment at one month under aiscount of 1} per 
cent., or 6d. per sack, is not uncommon. Larger 
credit is usually net, or with added interest pro- 
portionate to the cr^it. But millers frequently 
run over each 
other in at- 
tempts to se- 
cure orders, 
and, as a mat- 
ter of fact, a 
baker can 
nearly always 
got flour, oven 
if ho have not 
a peimy to pay 
for it. Tliis 
accounts for a 
good many of 
the bankrupt- 
cies in the 
trade, for if 
credit were not 
so cheap, 
fewer men 
with ambi- 
tion, but with- 
out means, 
would* be 
tempted to es- 
tablish them- 
selves. In a 
fluctuating 
commodity like flour, forward buying under 
contract is common, also speculative buying, 
even beyond the consumptive capacity of the 
individual. The ability to estimate a firmer 
market is a desirable quality, and its exercise 
is very profitable, but, of course, the risks are 
proportionate. 

Selling Prices. The sack of fiour 
weighing 280 lb. produces from 92 to 96 quartern 
loaves. The rise or fall of 4s. in the price of a 
sack of flour is supposed to raise or lower the 
price of the loaf one farthing. But it often does 
not do so. There are fools in every trade, and 
the bakery trade has its proportion. Competi- 
tion causes many bakers to cut prices below 
remunerative level, and this not only prevents 
the cutter from making his proper profit, but 
also makes his competitors and his neighbour- 
hood work for less than a fair price. It is 
recognised that the price of the pr^uct of each 



Mok of floor should be 14 b. fax excess of the flour 
cost. From this 14s. the baker has to pay for 
his yeast and other ingredients, labour, fuel, and 
working expenses, ^me bakers are content 
with a gross profit of 10s. per sack, and they may 
make a living hy hard work, but fldter they have 
worked then^lves to death they will scarcely 
be able to leave behind them sufficient money 
to i^y for a respectable tombstone. 

upon small goods and confectionery retail 
prices should be not less than double that of the 
materials used. The loss ux>on these is greater ; 
they are saleable only when fresh, and the baker 
must choose between having on hand a good 
stock right up till the hour of closing each night, 
with a consequent certainty of having a good 
percentage of stale stock, or of displeasing 
customers by running on short siooks, and, there- 
fore, of being unable to do a good evening trade. 

Special Breads. There has been created 

a good de- 
mand for 
sp^ecial breads 
of the Hovis 
and Bermalino 
typt^s. In the 
one, the usual 
loaf weighs 
1 lb. 10 oz., 
and retails at 
3d. In the 
other, it is 
usually 1 lb. 
for IJd. Such 
broads pay 
well — q u i te 
double the 
profits yielded 
by the com- 
mon loaf. 
Their manu- 
facture is very 
simple. It is 
nooessary only 
to follow ex- 
plicitly the 
directions is- 
sued by the 
firms who own the processes. Very small 
quantities may bo made quite os easily as 
large quantities, and care should be taken not 
to make too much, because to have to soil it as 
stale is to lose all the advantage of the higher 
profits possible. These special breads stand 
a much heavier proportion of water than 
ordinary flour. 

BaKehouae Laws. The law imposes 
certain distinct obligations upon the proprietors 
of a bakehouse. If machinery be used — and the 
modem bakehouse fills this condition — the place 
is subject to the general provisions of the Factory 
Acts. If the establishment be a retail one, these 
provisions are enforced by the Medical Officer of 
Health of the local district authority, and not by 
inspectors under the Factory Acts. The interior 
of the bakehouse must be limewashed, painted, 
and washed at certain specified times, and must 
not be used as a sleeping -place. No building 
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underground may be used as a bakehouse, unless 
it was so used prior to Januair Ist, 1896. Care 
is also necessary that children and young 
|)ersons be not employed in a factory, 
within such hours as the law permits. The 
Bread Acts and the Sale of Food and Drug Acts 
are framed to prevent adulteration. The intro- 
duction of alum into bread, for instance, is not 
permitted, although technical opinion is not 
unanimous in condemning its use. Many other 
ingredients may not by law be incorporated in 
bread, but alum seems to be the only adulterant 
regarding which action has been taken for some 
years. The quartern loaf is supposed to weigh 
4 Ib., but most of the broad now sold is in 
half- quartern, or 2 lb. loaves. In the present 
state of the law, the baker may sell his bread 
“ of any weight or size he thinks fit,” provided 
that ho sells it by weight, which moans that 
the weight must be declared at the time of sale. 

The Shop. We shall now step from the 
bakehouse into the shop. Tho best attendant 
for the baker’s shop is a member of tho baker’s 
family in tho modest venture wo have been dis- 
cussing. Indeed, the whole business of a baker 
is, more than almost any other, a family affair, 
and 8Uoo(^sH depends upon each individual doing 
his or lu^r allotted part well. The baker’s wife 
is the best jHirson behind the baker’s counter, 
’rixt^re is scope for womanly taste and skill in 
rendering tho shop inviting, and in setting out 
its contents in an appetising manner. 

The Window. The baker has wide choice 
in window arrangemont. There is being exhibi- 
tc^d a tendency to refrain from overloading the 
windows with stock, and it must be remembered 
that a few articles tastefully arranged are 
infinitely better than a mass of stuff which remind 
one of tfic painful necessity of eating rather than 
of the pleasures of the table. Our illustration 
[ 1] shows a good design in a suspending arrange- 
mont, which we select from the specialities of 
Messrs. F. E. and G. Maund, of London. It is 
in lacquered brass, relieved with burnished 
copper, and has two ground and polished plate- 
gloss shelves. The price of an article of this 
sort is about £6. It may be objected that too 
much show of metal -work attracts attention to 
tho fittings instead of to tho displayed mer- 
chandise. Excellent brass and plate-glass 
HU8[>ending arrangements may be hed at half 
this price. Black iron window fittings, though 
excellent in many places, are not desirable in a 
confectionery window. Nothing looks better 
than brass and glass. 

Interior Decoration. Money may be 
judiciously spent upon internal fittings and 
decorations. White enamel paint is the most 
appropriate for a baker and confectioner’s shop. 
Our illustration [2] shows an attractive interior. 
Assuming the shop to be 16 ft. by 20 ft., the 
cost of fitting up would be about £150 in 
deal and £175 in American white wood. This 
includes complete fittings on both w'alls, two 
counters, a c^-desk, four air-tight glass cases, 
marble tops to tho counters, and back fittings 
and full-plate mirrors at back of the shelving. 
Expense could be modified with details 
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Show-atanda. There is no excuse for the 
baker and confectioner who neglects to have 
attractive show-stands about his counters. 
Makers of such things offer a selection that is 
embarrassing. Less than a five-pound note wiU 
purchase the strong, five-tray stock rack shown 
in 4 . The tra^s as they come full from the 
bakehouse may be slipped upon the i^le 
brackets of tho rack. To fill up a comer either 
in the window or on the counter or shelf, the 
type illustrated in 8 is a favourite. It may be 
purchased for 30s. 

Purchased Merchandise. The baker 

— especially if he be also a confectioner — does 
not manufacture all that ho sells. He may 
handle factory biscuits and sweets. Tho chief 
value of factory biscuits is that they fill up 
space, making an appearance in a shop which 
might, when the trade of the day is over, be very 
bare indeed without them. They seldom yield a 
larger profit than IJd. to 2d. per pound, and 
there are a good many quarter-pound customers. 
Sweets and sugar confectionery pay much 
better — seldom less than 100 per cent, on cost 
price, and often a good deal more. They are, 
therefore, worth encouraging. 

Horse and Van. The upkeep of a horse 
and van in a city like London cannot be reckoned 
at less than 208. pt^r week. In country places it 
may be somewhat less, down to 128. a week in a 
village. A good van fresh from the works costs 
£35, but a second-hand one suitable for a new 
start may bo hod for half this figure. If cheaper 
than tho latter sum, there is usually something 
^vrong with it, and it often happens that invest- 
ment in a new vehicle would have proved more 
economical than the purchase of a second-hand 
article. Paint, like charity, can be made to 
cover a multitude of sins. The chief point in 
buying a second-hand van is to see that the 
wheels are good. The price of a suitable horse 
varies considerably ; £15 must be paid for oho, 
and more, if possible. The sum mentioned may 
include a spavin and a few sand-cracks, but one 
cannot have everything for three five-pound notes. 
If the baker does not aspire to employ animal 
traction, £10 to £16 will purchase a good covered 
baker’s barrow or a cycle delivery carrier. 

HandbooKa. There are many handbooks on 
baking and confectionery published. We suggest 
the names of a few that are really meritorious. 

“ The Bread Acts,” by J. F. Rowe, fid. ; 
” Lectures on Bread-making,” by John Kirk- 
land, 28. 6d. ; “ Practical Hints on Flour,” by 
W. T. Bates, Is. ; ” Hot-plate Goods,” by R. 
Gommez, 9d. ; ” Slab Cakes,” by F. Houghton, 
38. fid. ; ” The Art of Confectionery,” by George 
Cox, lOs. fid. ; “ Figure Piping ana its Uses,” by 
F. Russell, 28. fid. ; Book of Designs, by Herr 
Willy, 58. ; “ Jago’s Science and art of Bread- 
makmg,” Ifis. ; and “Jago’s Principles of 
Breadmaking,” 2s. fid. 

The Bakers’ and Confectioners’ Exhibition, 
held each September in the Agricultural Hall, 
Islington, London, is highly instructive for the 
practical baker who attends it with his eyes 
open. 

Continued 
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cannot go far with the study of gravitation 
before we find it necessary to imagine the 
existence of an invisible something which is now 
called the Ether. The history of the idea that 
apparently empty space is tilled with an infinitely 
delicate substance of great importance is very 
interesting. 

What is LUht? I'he first term that was 
employed was the Jurniniferou^ ether — that is 
to say, the light -l>earing ether. The older 
theory of the nature of light — tv theory sup- 
ported even by the great Newton — was that it 
consists of the propulsion of countless hosts 
of minute bodies, some of which enter the ey<‘ and 
cause the sensation of light. But that theory 
had to l)e abandomsi, and there was substitub'd 
for it the now universally accepted wave theory 
of light, which asserts that light is a kind of 
wave motion — in what ? Between us and the 
sun, for instance, there is apfiarently nothing 
at all except a few miles of air. If light Ijo a 
wave motion, then the spacer betw(*en us and 
the sun must be filled by an invisible something, 
in which the motion occurs, and this invisible 
something was called the luminiferous ether. 
Its exisU‘nce, at first merely susptM'ted, is now 
In^yond dispute. We know- that it transmits 
not only the waves of light, but also the waves 
of radiant heat, the Hertzian wavt*s of wireless 
telegraphy, the ultra-violet waves which now 
cure lupus, the Rdntgen rays, and many more. 
So certain is the existemee of the ether that 
modem chemistry is inclined to believe that 
what we call ordinary matter is none other 
than a special product of the ether — in other 
words, that the ether is the mother of matter. 
Now% what has all this to do with gravitation ? 

The Mystery of Influence. When 
we come seriously to think about the fact of 
gravitation, we find it impbssible to understand 
how one l>ody in space can exercise an influence 
on another, unless there Ixi some medium 
between them by which that influence can l)e 
transmitted. Now, what can this medium l>e ? 
Dr. Thomas Young — a distinguished physician 
to St, Cieorge’s Hospital, London, founder of the 
wave theory of light and discoverer of the key 
to the Egyptian Hieroglyphics — declared that 
“ a luminiferous ether pervades the universe, 
rare and clastic in a high degree.” Surely, if 
there be such a luminiferous ether, it must be 
the medium by w'hich the force of gravitation is 
transmitted. So far this is all very w^ell, but 
we soon encounter the most serious diffi- 
culties. 

In the first place, if the ether is to vibrate so as 
to give rise to light, it must have the property of 
rigidity, a.s found in solid bodies, such as a 
stretched string. But it is very difficult to square 


our idea of such a rigid body with the motion 
of matter through it. In fact, we swin com- 
ptdled to endow the ether with a number of 
properties which appear to lie ineompatihlc with 
one another. Indeed, two great philosophical 
students of science, Auguste (^onite and tlohn 
Stuart Mill, entirely disla‘li(‘ved in th(‘ existence 
of the ether at all. and we can sympatliise with 
tlxun. Nevertheless, it is impossihh' to ngre(‘ 
W'ith them, for the fact of gravitation, if no 
other, compels us to assert the ('xist(mee of such 
a substance. Jf there ho no ether, we must 
believe in the possibility of action at a distance — 
that is to say, the possibility of one thing 
afiVeting another without the exist (‘uee of any 
means of eominunieation between them. So 
wr must do our best, despite difiienliies, to 
as(M‘rtain the natnn' of the (‘tluM*, hi'ing wc'll 
assured that, once we have solvcxl tl)iH problem, 
and the allied problem of the nOation of the 
ether to the ultimate const it uents of matter, 
we shall have in our hands the key to the 
problem of gravitation. 

The Ether and Matter. Now, we have 
aln'ady seen that wafight is a eonscajiienee of 
gravitation, and wt‘ nia* (•om])clled to assert 
that the ethi*r, by which one portion of })onder- 
ahle matter exiTfs gravitation and attraction 
upon another, is ilH(*lf without w(‘ight. 'Jlius, 
in eontra-distin(dion to th<‘ imj)onderable ether, 
wa* ofUm 8f>eak of “ponderable matter.” But If) 
assert that it has no W(‘ight is by no means to 
ass(Tl that it has no mass ; our pnwious in(|uiries 
have already shown us this. In order to do 
the work which wc assert of it the cHkt must 
hav(‘ inasH, and here we en(a)unter a souna^ of 
confusion which is extraordinarily w'idcK|)rcH<l. 
It actually vitiaU‘s a large part of tlu^ argument 
of no 1(*S8 a jMTson than Mr. A. J. Balfour, in 
his Presidential Addn^ss to the British Associa- 
tion, at Cambridge, in 1904. UeftTring to th(‘ 
modem doctrine that ordinary matter -ponder- 
ahk* or weight-f)osHeHsing mait(‘r— is only a 
sp(*eialised form of ether, Mr. Balfour declared 
that “ matter has Iktu not only explained, hut 
explainer! away.” Like* so many others, he has 
completely fail(‘d to realise that all our notions 
of the ether, without exficption, are derived from 
(mr notions (tf m/!tler. The differences l>etween 
the two are no doubt profound, since, for in- 
stance, one has weight, whilst the other, without 
weight, is yet the cause of weight ; but, never- 
theless. in discussing the ether we are disrmssing 
a material entity —rarer perhaps a thousand 
inillionfold than the rarest gas, but nevertheless 
material. 

Propertie* of the Ether. Having 
cleared our minds of this confu.sion, we must 
proceed to ask oui*selve8 what are the pro[)ertie8 

936 






PHYSIOS 


which we can aaaert with any deciaion of this 
mysterious substance. Aocoiding to a great 
student of the subject, Lord Kelvin himself, 
the ether must be continuous ; there must be no 
holes, gaps, or cracks in it ; it cannot be atomic 
in the sense that matter is atomic ; it must 
consist not of a collection of particles, but of an 
absolutely continuous substance. A word fre- 
quently used to express this property is homo- 
geneous. The ether must be homogeneous — • 
continuous and uniform throughout. 

A Stone in a Pon J. Even in accepting 
this apparently simple and necessary assertion, 
we find ourselves met with a difficulty, as 
Herbert Spencer pointed out. For how are we 
to conceive of a wave movement in a con- 
tinuous medium ? Of course, we are familiar 
with wave movements in mediums which 
are apparently, but not really, continuous. 
When you throw a stone into a })ond you excite 
a wave movement in a medium which looks 
continuous, but, of course, it is not so in reality. 
You know quite well that certain particles of 
the water must b(^ moving past certain others, 
and if this l>o so, the medium is not really 
continuous. But indeed how can there be any 
wave motion in a continuous medium? The 
waves of light in the ether must mean — if they 
mean anything — a static of more or less local 
motion, and there can bo no local motion in a 
medium which is really continuous. Needless 
to say, we are not yet in a position to explain 
this difficulty. If we arc honest, however, w^e 
have to state it, and the people who always 
rejoice at the difficulties of science may have 
their laugh if they will. “ The laughter of 
fools,” said Solomon, ” is as the crac^kling of 
thorns under a pot.” 

The Light through the Window. Now, 
the ether is certainly continuous in the sense 
that ordinary matter offers no interruption to 
its continuity. It has sometimes been asked 
what happens to the ether as the earth passes 
through it in her endless journey round the sun. 
It has been thought that the earth must push 
the ether aside, just as she would if she were 
passing through an ocean of water. This would 
imply, of course, that the ether is not continuous, 
since it suggests that from the exact portion of 
space occupied at any moment by the earth 
trie ether must have previously been expelled. 
Certainly more in accordance w'ith our modem 
views as to the ether is the doctrine that the 
matter of w'hich the earth is composed flies right 
through the ether without in any w ay pushing it 
to one side. It must certainly be the case that 
the etJier can exist in space which is apparently 
fully occupied bv ordinary matter. Take, foV 
instance, the passage of light through your 
window. A series of ether waves strikes one 
side of the pane of glass and emerges unchanged 
at the other side ; the waves brighten up the 
point of glass through which they pas-s ; there is 
certainly al>solute continuity of the ether w ave — 
that is, of the ray of light. This eon only mean 
that there is ether present in the glass. It cannot 
possibly be explained as meaning that the 
ether wave on reaching the pane of glass is 


transformed into a glass wave, and that this 
glass wave, on reaching the inner surface of the 
pane, is retransformed into an ether wave, which 
has the same properties as the orginal one. 

Lord Kelvin’s Theory of the Ether. We 
speak advisedly when we say that the ether, some- 
how or other, is continuous. It is continuous not 
only wathin itself, but with ponderable matter. 
Only on the assumption that there is no break of 
continuity between ether and ordinary matter 
can we explain the transmission of light through 
portions of matter, or the fact that one portion 
of matter acts upon another gravitationally by 
means of the ether. Indeed, the only possible 
conception is that the ether is absolutely omni- 
present, and that ponderable matter is a special- 
ised manifestation of it. As to the essential 
relation between ether and ordinary matter 
various brilliant guesses have been made. Per- 
haps we must consider matter as consisting 
merely of points of extra density of the ether. 
That seems simple, but it is not very satis- 
factory. Perhaps we must consider that portions 
of the ether have somehow become cast in the 
form of vortex rings, like the rings issuing from 
a smoker’s mouth ; this is the famous vortex 
theory of Lord Kelvin. 

There are many problems still unsolved, but 
some things are, at any rate, quite certain. That 
there is an actual entity corresponding to what 
we call the other, there can be absolutely no 
doubt whatever. Sometimes, when the biologists 
and the physicists are having a little quarrel, 
the former assert that the ether is a ” convenient 
fiction,” or a “baseless hypothesis,” or some- 
thing of the sort, but the reader may be assured 
that competent observers have no doubt at all 
that the ether does actually exist. He must not 
pay too much attention to what people say when 
they are angry. The difficulties of describing 
the properties of the ether in any intelligible 
manner we must freely and humbly admit. But 
we are getting nearer to a solution ; we have 
travelled very far even in the last fiye years. 
There is hope for physicists in the great mind of 
Lord Kelvin, though it is now in its eighty-second 
year. Even so long ago as 1888 he showed that 
certain of our difficulties in describing the 
properties of ether can be met, “ provided we 
either suppose the medium to extend all through 
boundless space, or give it a fixed containing 
vessel as a boundary.” The celebrated Balti- 
more lectures delivered by Lord Kelvin in 1884 
give us a splendid exposition of the conception 
that the ether is really a continuous, homo- 
geneous, non-atomic, elastic solid. 

Let us now, having studied so far as may be 
the nature of the ether, return to the question of 
gravitation, and see whether we are able to 
express any opinion as to its cause. 

The Cause of Gravitation. The study 
of the cause of gravitation is as difficult as it 
is important. Only in very recent years do we 
appear to be reaching the point at which we 
sh^l be able to make up our minds on thi« 
matter. For instance, the article on gravitation 
published by Sir Robert Ball in the Encyclo- 
paedia Britannica,” in 1880, and included ^ ^e 



last edition of that work, contains no allusion 
whatever to the cause of gravitation — not even 
a hint that the question may be raised at all. 
But there was little chance of understanding the 
cause of gravitation until we had at least arrived 
at somewhat truer notions of the nature of 
matter than those of the year 1880 ; and we 
may suppose that it really did not seem worth 
whSe to discuss a subject about which nothing 
whatever was known or seemed likely to be 
known. Indeed, we may quote the words of a 
writer, who says : “ Since the time of Newton the 
doctrine of gravitation has been admitted and 
expounded till it has gradually acquired the 
character rather of an ultimate fact than of a 
fact to be explained.** (Clerk-Maxwell.) 

Flying Bodies in Space ? The most cele- 
brated theory of the cause of gravitation is that of 
Le Sage, of Geneva, published in the year 1818. 
He considers that the whole of space is filled 
with minute bodies flying about in all directions. 
These he supposes to be so small that they very 
rarely strike one another ; they are almost 
immeasurably smaller, he fancies, than the par- 
ticles of ponderable matter against which they 
must very frequently strike. 

Now, if there were only one single body in 
space it would receive on the average about as 
many blows on one side as on another, and thus 
would not be urged to move in anv particular 
direction ; but if we imagine two bodies in space 
it is plain that each of them will shield the other 
from a proportion, however minute, of these 
tiny projectiles conceived by Le Sage. Thus, the 
side of each body which is next to the other body 
will receive fewer blows, and the two bodies will 
be moved towards one another in virtue of the 
excess of blows they receive on the sides furthest 
from one another. Now, supposing that were 
the actual state of affairs, it would yield a law of 
gravitation which bears an extraordinary resem- 
blance to the law we know. For instance, the 
force of attraction would vary inversely as the 
squared of the distance between the two bodies. 
Further, it would vary directly in proportion to 
the areas of sections of the two bodies taken 
through them at right angles to the line between 
them. Thus, if we can imagine bodies so con- 
stituted that these areas — the areas that shield 
the other bodies ‘from blows— are proportional 
to the mass of the bodies, we find that the law 
which would hold if Le Sage’s theory were true 
is absolutely identical with the observed law of 
gravitation. Thus, the theory of Le Sage is 
not only a signal instance of the brilliant use of 
the scientific imagination, but — and this is very 
much more important — looks as if it might be, 
in some measure, at any rate, an approximation 
towards the truth. 

Criticisms of the Theory. An obvious 
objection will present itself. As far as we 
can possibly detect, gravitation acts between 
any two belies with precisely the same force, 
whether or not there be a third body intervening 
between them. The attraction exercised by the 
sun upon the moon is apparently just the same 
when the moon is eclipsed — that is to say, when 
the earth intervenes between her ^d the sim. 
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as at other times. Hence, as Le Sage himself 
pointed out, it is necessaiy to suppose that only 
a very few of the particles which he imagines 
to be flying about space are stopped by any 
solid body, most of them passing on through 
the relatively wide intervals which we must 
conceive as existing between the ultimate 
particles of ordinary matter. 

Clerk-Maxwell spent considerable thought 
upon criticism of li Sage's theory — “ the only 
theory of the cause of gravitation which has 
been so far developed as to be capable of being 
attacked and defended.** Those words were 
wTitten more than 30 years ago. This is not the 
place in w’^hich to consider the various more or 
less recondite criticisms made by the great 
ph3rsicist, but we may just briefly note that one 
of the chief difficulties suggested — namely, that 
the energy contained in tiu«c rapidly moving 
particles of Le Sage would necessarily raise to a 
white heat every material body they encountered, 
is disposed of if wo are able to accept the theory 
of Lord Kelvin — that the particles are not more 
points, but are of the nature of vortex atoms. 

Now, the reader may well ask, what has all 
this about rapidly moving particles flying in ail 
directions through infinite space to do with what 
we have already assorted, concerning a continu- 
ous, non-atomio — i.e., non-particulate — elastic 
ether ? And certainly wo admit that there does 
seem to be very little compatibility between the 
two conceptions ; but it must now l>o shown that 
a very recent and very important discovery has 
led us up to a point at which it seems possible 
that this promising theory of Le Sage may be 
re-staU^d in a form that is entirely compatible 
with our modem conceptions of the nature of 
the ether. 

The Pressure of Light. The subject of 
gravitation is so colossal and so fundamental 
that we are compelled to treat it as a whole, and 
therefore we offer no apology for taking out of 
what perhaps may bo regarded as its proper 
place the subject of radiation -pressure — and 
more especially the pressure of light. Since this 
subject has lately l>een shown to have no small 
bearing, as it appears, upon the essential nature 
of gravitation, we cannot possibly afford to wait 
for its discussion until we reach the part of our 
course which deals with light. 

As we have seen, Newton taught that light — 
or rather the objective basis of light — consists 
of the propagation of minute particles or corpus- 
cles which travel at immense sfHsed in straight 
lines. In thus advocating what is called the 
corpuscular theory of light Newton retarded the 
progress of optical science for many decades 
after his death— a conspicuous instance of the 
malign power of authority. Now, if light con- 
sist^ of a corpuscular bombardment, it would 
exercise, however faintly, a pressure not distinct 
in principle from the pressure of one hand upon 
another ; and it has long been believed that 
light does exercise such a pressure, but the 
experimental evidence of this oelief has not been 
forthcoming. In one respect, this is fortunate ; 
for if it had been possible to quote experimental 
proof that light exercises a pressure, the fact 
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would certainly have been regarded m strongly 
in favour of the (false) coi 7 >u 8 cular theory of 
light as against the (true) wave motion theoiy. 

But when Clerk-Maxwell associated light 
with other forms of radiation in the ether, such 
as radiant heat and electricity, and estab- 
lished what is now called the electromagnetic 
theoiy of light — now universally accepted — he 
show^ that even on this theory, just as much 
as on the discarded one, light must exercise a 
pressure. For convenience of reading we use 
the word light, but it must be remembered that 
this pressure is common to light and all other 
forms of ethereal wave motion of the same kind. 
It makes no difference to its pressure whether or 
not a particular rate of motion happens to have 
a special aertion upon the human eye. Clerk- 
Maxwell actually proceeded, by use of various 
abstract mathematical considerations, to frame 
a formula which would express, he declared, the 
measure of the pressure of light — a pressure 
which had not then been demonstrated. 

The Radiometer. It is now many years 
ago since Sir William Crookes followed those 
who had attempted to demonstrate what we 
shall henceforth know as radiation -pressure. 
His radiometer is familiar to all — a seriep of 
delicately balanced vanes, bright on one side, 
hlaekenod' on the other, which lie in a partial 
vacuum in a glass Imlb. Exposure to sunlight 
or even the end of a lighted cigar causes these 
vanes to revolve. But it was shown that this 
effect is not due to light-pressure, hut to the 
unequal heating, and consequently unequal 
atomic movenn'nt, of the remaining air in the 
bulb, due to the varying absorptions of the 
bright and blackened surfaces of the vanes. 

Some four years ago, however, radiation- 
pressure was positively demonstrated, indepen- 
dently, b\ the great Russian physicist Lebedew% 
and by two American observers, one of whom — 
Professor E. F. Nichols— excited much interest 
amongst the physicists in this country by 
lecturing and showing his original apparatus at 
the Royal Institution, in May, 190.'). Lebedew's 
method was based on tlie advice of Maxwell, 
which was simply to obtain as high a vacuum a.s 
possible, so as to exclude the action of heated 
gases, as in the radiometer, and thus to detect 
any action due to the pressure of light alone. 

RadiationoPressure. Professor Nichols 
and his eo-worker proceeded on different lines. 
They employed no vacuum, but were neverthe- 
less able to exclude the gaseous action, which 
takes some time to manifest itself, whereas 
the effects of light -pressure are naturally 
instantaneous. It is impossible to describe on 
paper the details of the method which the dis- 
coverer found complicated apparatus necessary 
to explain. Let us merely observe that the fact 
of radiation -pressure has now been established, 
that its amount has been measured, and that the 
measurements coincide within extraordinarily 
narrow limits with the results reached by Clerk- 
Maxwell, working from purely mathematical 
assumptions. Given that radiation -pressure is a 
fact (and a universal fact, be it remembered), 
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the question now is as to the general significance 
of this most important discovery. 

Of course it explains that for which an ex- 
planation has long been hoped, the development 
of tails by comets when approaching the sun. It 
explains not only the formation of these tails, 
but their increasing width as they pass awav 
from the nucleus of the comet, the cases in which 
there are several tails — as in the celebrated 
comet of Donati — and the manner in which they 
push their trains in front of them as they leave 
the royal presence ; but this docs not represent 
anything but a tiny fraction of the cosmic 
significance of radiation -pressure. 

A Universal Force Opposed to Gravi- 
tation. It is as we have already hinted, a mere 
accident, so to speak, of our constitution, 
that we can see certain forms of radiation, can 
feel others, and can perceive yet others not at 
all. We have seen that the Hertzian waves, the 
infra-red waves (that is to say, the weaves that 
lie just below the red rays in ordinary sunlight), 
the rays of light, the ultra-violet rays, and many 
more, are related to one another, just as one 
musical note is to its neighbours. 

Wherever, then, there is a luminous body, 
wherever there is a body which is possessed of 
any heat whatever, wherever there is a body 
which is a source of electric energy, there is a 
source of radiation-pre.ssure. It amounts to this 
then, that we now have positive evidence of a 
universal force w^hich is comparable to gravita- 
tion, hut acts precisely in the opposite direction. 
As gravitation attracts, radiation-pressure repels. 

In the case of large bodies, as the sun and the 
earth, radiation-pressure does not amount to 
one billionth part of gravitation, but in the case 
of the particles in a comet’s tail we see that, 
despite the enormous mass of the sun, radiation - 
pressure far outdoes gravitation. In other con- 
ditions the two forces will balance one anotheiP! 
Now, every body that is above the absolute zero 
of temp^^rature exerts this force — and* at all 
distances — its power decreasing with distance in 
the same ratio as does the power of gravitation. 
The unqualified assertion of Newton, then, that 
all bodies whatever attract one another with a 
force which is proportionate to their mass and 
varies inversely as the square.of the distance, is 
found to be only ideally true ; for most, if not 
all, bodies also repel one another in accordance 
with an equally precise law\ It is possible to 
combine the two into an algebraic expression, 
without reference to which the law of gravitation 
should now no longer be stated. 

**One Universal Heap of Matter.** 

Let ns now briefly consider some of the conse- 
quences of radiation-pressure — of the fact that 
there is a mutual repulsion as well as a 
mutual attraction between bodies. In the 
first place, we must reconsider the view which 
has often been maintained that all matter in the 
universe will ultimately be agglomerated into 
one dense heap in virtue of gravitation. Again, 
wo find that we now have another factor besides 
the action of the tides, pointed out by Sir 
George Danxdn, to consider as interfering with 
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the stability of the Solar System. But further- 
more, we observe, as has been already shown, 
that the first law of motion can no longer be hold 
as unqualifiedly true, even if the motion be 
througn an untenanted and j^rfectly frictionless 
ether. It is said that, in sucm conditions, a body 
in motion must so move, in a straight line, and 
at the same velocity eternally, if no force be 
impressed u]^n it. That, doubtless, is really 
true, but when are the conditions realised ? 
For any body that emits radiant -energy — c.gr., 
any body such as the sim or the earth — contains 
within itself a cause of retardation. On its on- 
ward path it leaves waves of radiation behind it 
and sends them in front of it. But in so doing 
it tends, as Professor Poynting has shown, to 
“ crowd upon *’ the waves in front, whilst those 
behind it are “ thinned out.” In other words, 
the radiation -pressure will be greater in front 
than behind, and therefore the speed of the 
body — and this applies alike to a Sirius or 
a bullet — will constantly bo diminished. 

Its Bearing on Gravitation. In 
considering the future of the Solar 
System, then, we have to recognise, in 
planetary radiation, and in the effects of 
the solar radiation, causes which tend to 
retard that motion in virtue of which 
alone the planets are prevented from fall- 
ing into the sun. But it appears evident 
that such a catastrophe, even were it to 
occur in such a fashion as not to induce 
the evolution of much heat, would by no 
means introduce a final state of “death ” 
of the Solar System, as used to be 
thought. 

And now for the bearing of all this on 
gravitation. Here is a universal force which 
acts in a direction precisely opposite to that of 
gravitation, and which is in certain conditions 
more powerful than, in other conditions as 
powerful as, and in yet others less powerful 
than, the more familiar force. 

It i^ plain, then, that, as we have already 
said, it will not do for any future writer to 
discuss gravitation without reference to the 
fact of radiation-pressure. But does this new 
discovery help to give us any clue to the cause 
of gravitation ? That would be a surprising 
contribution from a source which interferes 
with the action of gravitation. But it appears 
to be conceivable. We recall the theory of 
Le Sage, which we have just discussed at what 
might have seemed, a year or two ago, dis- 


proportionate length. Suppose, for instance, 
that for the pressure due to the minute particles 
pictured by Le Sage — particles of which we have 
seen that subsequent science know's nothing at 
all — we substitute the pTt^ssuro of radiation, 
might we not then be able to find a germ 
of truth in Le Sage’s theory — indeed much 
more than a germ — even though that theory 
requires considerable modification in its state- 
ment ? 

The subject is yot too new for dogmatism, 
but we note that no less an authority than 
Sir George Darwin lat(‘ly read lx 'fore the 
Royal Society a paper dealing with the possi- 
bility to w'hich W'o have nfferiXHl, the possibility 
of harmonising Lo Sa^’s theory of the caus(‘ 
of gravitation with the fact unsuspected by 
him, the fact of radiation-pressure. 

What we Cannot Understand. It 
would certainly be too much to say that 
we shall over have to look upon gravi- 
tation as m(‘rtiy the negative ospt^ct of 
radiation -pressure, just os Sago imagined 
gravitation to be meniy the negative 
aspect of the repulsive pressure of his 
imaginary particles ; but it will l)e strange 
indeed if there does not turn out to be a 
most intimate niation between these two 
universal facts. This, then, is all that 
we can as yet possibly say concerning 
the cause of gravitation. It is vague 
and tentative enough, the reader may say, 
but novertheh'HS it opens out new possi- 
bilities of knowledge and comprehension 
which were quite unsuspected by the nine- 
teenth century. 

Finally, let us note how close wo ore to 
the inconceivable. You could push one of 
Professor Nichols’ recording vanes with a pin, 
or by a puff of the breath. In each cfise some 
material is moving against the vanes. Similarly, 
you can push or “strike” the vane wuth a beam 
of light. But in this ease — though light- waves 
travel at a known sfXH'd — nothing material, 
even if we include the ether as material, 
moves onwards, as does the pin or the puff of 
air. Try to conceive how a thing may be 
struck and moved by that which has no matcjrial 
existence. Failing this, try to form a “ clear 
and distinct idea ” of the that in nuostion ! 
Only the most foolish kinds of materialists, kdt 
high and dry from thirty years ago, think that 
they or anyone else can really understand the 
inner nature of Energy 
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Root Crops DttMdM 
Beot^ Turnip Kold^filii, Otrroi^ Ptmaap and Potato 


By ProlesMT JAMES LONG 


CLOVERS 

This useful plant (Nat. ord., LegitfntnoscB) 
belongs to Ibe genus Trifolium. The prinoipal 
varieties are of great value for feeding sheep 
on the nound, and thus improving both stool 
and soil — for hay, and occasioncdly as green 
forage. They are handsome, with somewW 
round-headed blossoms and 
compound leaves, each leaf 
being provided with leaflets, 
while the seeds are pro- 
duced in pods, or legumes. 

The chief varieties grow ad- 
mirably upon the medium 
and heavier soils, and are 
sown both for temporary 
and permanent pastures, 
while the majority are 
found in good meadows. 

The cost of the seed to- 
gether with its weight is 
given in the table below. 

Broad Red Clover. 

This variety {T. pralcnse) 
bears a round, purplish 
blossom, with leaflets upon 
which are imprinted a 
mark resembling a horse- 
shoe. 

The colours of the heads 
of each variety of clover, 
t-ogether with the tiny 
flowers themselves, the 
seed - pods and the seed, 
should be examined by the 
student that he may be 
practically acquainted'with 
each. clover is cut or fed twice in the 

year after it is sown, or it may be cut once and 
subsequently fed or mown for seed. This variety 
will stand two years, and sometimes more, 
but it cannot be depended upon. It is seldom 
grown more than once in eight years on the same 
field owing to its liability to what is known 



COMMON YELIX)W CLOVER, OR TREFOIL 


M clover sickness.” When sown alone, from 
14 to 20 lb. of seed are used per acre. 
When converted into hay, the crop should 
yield 3 tons in the two cuts, sometimes more. 
Clover is a most important crop in the ordinary 
farm rotation, but it is liable to attacks of a 
parasitic weed known as dodder (see illustration). 

the seed of which may 
find its way into clover 
seed sample. 

Perennial Red 
Clover or Cow Grass. 
This variety {T. preUense 
perenne), which carries a 
slightly darker purplish 
))los8om of somewhat 
smaller size, is (dosoly akin 
to broad red clover ; it 
stands longer, but only sup- 
plies one crop for cutting. 
The mark on its leaflet is 
more angular than that of 
the broad red, wdiich, as 
indicated, is more rounded 
in form. 

White Clover. White 
clover {T. repens) is com- 
mon to most of the heavier 
classes of soil, and though 
its presence is not apparent, 
it soon covers a field with 
rich herbage in response to 
a good dressing of dung dr 
phosphate of lime, for which 
reason pho^phatic 'manure 
is of great value on pastures 
as weU as on meadows. 
Alsike. A perennial with a white blossom 
tinged with pink. It is a strong, vigorous grower, 
extremely useful in clover and grass mixtures, 
whether for temporary or permanent leys, 
and is especially adapted to the heavier classes of 
soil. It is occasionally used instead of red 
clover, where, owing to fear of disease, it is not 


Snglish Namei 


Broad rod dover 

Opw gTM, or perennial red clover 
White Dutch clover 
Alalke, or hybrid clover 
Crimson dover 
Trefoil, or yellow dover 
Hop trefoil . . 

Birdsfoot trefoil .. 

Greater trefoil 
Lnoeme 
Kidney vetch 


Botanical Name. 


TrifoUum pratense . . 
TrifoUum pratense perenne 
Trifolium repens 
TrifoUum hybridum 
TrifoUum Incamatum 
Medlcago lupuUna .. 
TrifoUum procumbens 
lx>tus cornicuiatus .. 

Lotus major 

Medlcago satlva 
Anthyllis vulnerarta 



Weight 

No. of 

No. of 
germin- 

Cost of 
1.000,000 


per 

bushel 

seeds 
in lb. 

ating 

seeds 

germin- 

ating 

(So 
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782.000 
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08 

66 

718.000 

708.640 
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08 

66 

118.000 

115,640 
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08 

06 

68 

66 

810.000 

1 812.620 
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08 
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412.000 

403.760 

2 0 

00 
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224.000 

210.520 
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108,000 

180.140 
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XMibll« !rilik belongBy tm the foregoing 
t»Ue ehowB, to the genus 
Mtdkago* Known auo as 
yellow, or hop, dover, it 
^ws upon varioofi eoik, 
and is spedally adapted to 
titose which are poor or 
dry. Trefoil, which is some- 
times known to farmers as 
black medick, has a hairy 
stem and leaves, and pro- 
duces seed of a brownish 
yellow, which is frequently 
used in mixtures, espe- 
ciaUy on down lands, many 
of which are chalky in 
character. The seed sown 
for a pure trefoil crop is 
15 lb. to the acre. 

Hop trefoil, which 
flourishes on limestone 
pastures, can scarcely be 
described as a cultivated 
plant. Birdsfoot trefoil, 
although a valuable plant, 
is practically wild, and is 
commonly found in poor 
or dry soils of various 
classes. Its flowers, first 
almost crimson, change to 
b r i 1 Hant 
yellow, 
while the 
p e c u liar 
form o f 
tl^ seed- 
pods has 
given rise 
to t h% 
com m o n 
term 
birds- 
foot. The 
Greater 
Birds- 
foot Tre- 
foil does 
not adapt 
itself 8 o 
well to 
dry soils 
or soils 
which are 
of an ex- 
tremely 
poor cha- 
racter. 

Zigzaf? 

Trefoil is 

useful in pastures, .but, like hop trefoil, is 
seldom found in seedsmen’s or farmers’ mix- 
tures. The Kidney Vetch, again, is seldom 
*own unless under special conditions. It is 
common to pastures of various classes, especiaUy 




RED OR BROAD CLOVER 


AMtOUkTUMI 

ch«otw. The etadent 
WUI Dot imk to recognise it owing to the 
pMobar oi its yiSow flowers, commonly 
niown as ** ladtee’ fingers.’* ^ 

Twofold Value of Clowere. The 

student of agriculture can 
scarcely devote his atten- 
tion to any family of 
plants which is of greater 
importance than the 
clovers. Their value is two- 
fold ; they produce a veiy 
largo quantitv of forage of 
the highest feeding value 
for stock of all classes 
— we include swine and 
pouhry— -and they mater- 
ially add to the fertility 
of the soil, even though 
the crops be entirely re- 
moved from the surface. 
The clovers, like peas, 
beans, vetches, lucerne, 
and sainfoin-— all of tlio 
same natural order, Legu- 
minoace — are known as 
nitrogen gatherers. How 
they appropriate the nitro- 
gen of the atmosphoro is 
de8cril)ed in the chapter 
on soils. It is possible 
to grow much larger crops 
than the average British 
yie4d by greater lil>eraUty 
in the 
employ- 
ment of 
phos- 
p h a t i c 
manure 
and of 
potash, 
where 
thisminc- 
r a 1 is 
needed. 
We may 
f urth e r 
add that 
if by such 
a form of 
manur - 
ing the 
weight of 
a crop 
is i n - 
creased, 
the rich- 
ness of 

the soil will also be increased, and a more 

than usually successful succeeding crop prac- 
tically ensured. 

When well fed with the mineral fertiliser 
the clovers are enabled to appropriate more 
nitrogen, and thus to produce more herbage. 
At the same time, the soil is enriched owing to 
the additional nitrogen in the roots and the 
unexhausted phosphates and potash. 

m 


ALSIKE CLOVER 


PERENNIAL WHITE CrX)VER 



AQRIOULTUIIK 


ROOT CROPS 

The Mangel. The ma^el (Nat. 0^., 
ChenopodtacMB [Beta vulgaris] is a biennial, 
dew tap-rooted plant, which thrives on the 
>ti£^ soils, especially loams, in most 
of England, we nor^ exoepted. ^ Th^ 
ace many oommeroial varieties, which are 
^vided into tibe Ixms Beds, and Ihe Globe and 
T^nkacd, or intenhamate diaped yellows- The 
mangel is gxDwn to large stse, and we have 
iiBnMWed hnlbs 97 in* in ciioiimfereiioe, six 
of wbi^ scaled lb. It needs rich soil or 
ami^ mannt^, especially responding to dung, 
nitrate of soda, and salt. Where the dung used 
is small in quantity, these artificials nmy be 
supplemented by super-j^osphate on soil, rich 
in nme, or, where this is deficient, basic sl^. 
The se^ grow in capsules, each of which 
contains from three to five. They are sown 
at the rate of 7 lb. to the acre by 
the drill, or, if dibbled by hand, 
much less will suffice, but by this 
method they are more liable to . ^ 

bo taken by field mice. A bushel 


tion. The mangel is a suitable food for all 
classes of farm stock. It is preserv^ by 
clamping, or pitting, and is more suiteble for 
consumption after the completion^ of the year, 
and is often in use to the following July. It 
contains more dry matter than either swedes 
(12i to 11) or white turnips (12J to 8). 

Turnips. The turnip (Nat. ord., Crwi’ 
fern) embraces the swede (Braasica <^j>estrts), 
known as Rutabaga on the Continent, and 
the o<wnmon turnip (Braasica campeatria Jma), 
both the yellow and white fleshed. It is 
a biennial, and one of the most valued of 
English plants, especially for sheep feeding on 
light land, which 

it enables the - w. 

farmer to cultivate , , 

with success. The 
swede is hardier ^ •• 





TANKARD TURNIP 



and richer than the turnip, 
from which it differs in two 
points, with the exception 
of one or two commercial 


of seed 
w’t'ighs about 
21 lb., each 

TANKARD SWEDE lb. COlltain- 

i n g over 

20,000 seeds. Where the crop is grown from seed, 
it should reach .W bushels to the acre. The 
mangel crop may roach any figure, from 10 to 
80 tons per acre, with 3 to 5 tons of tops, but 
30 tons may be regarded as quite satisfactory. 
It is rich in sugar, of which it contains approxi- 
mately 8 per cent., but the proportion varies 
largely in accordance w^ith the variety. 

The Beet. The beet is a modification of 
the mangel, having been improved by selection ; 
may contain over 14 per cent, of sugar, the 
production of which is influenced by abimdant 
sunshine. The weight of a mangel crop is not 
an actual indication of its feeding value, for a 
much smaller crop of one variety may contain 
a greater weight of feeding matter per acre than 
a much larger crop of another variety grown on 
the same soil under the same system oi cultiva- 


varieties ; it has a neck, which 
the turnip has not, w'hereas its leaves are bluer 
and smoother than those of tlie turnip. Both 
swedes and turnips vary in colour ; in some 
the top portion of the bulb is purple, and in 
others green. Turnips and hybrids are grov\n 
in succession as sheep and stock foods, being 
usually consumed before the swede, owing to 
the fact that they will not stand severe weather. 
The swede, however, frequently passes unscathed 
through the winter, but it is always a wise 
precaution to lift and clamp or pit it for safety. 

Turnips of all kinds respond liberally to dung 
and phosphatic manure. The seed is sown by 
the drill, which deposits the chemical manure, 
where this is employed, at the same time, 
3 to 4 lb. of seed being drilled per acre, and 
from 3 to 5 cw t. of phosphates. Sowung varies 
with the climate and the soil, but May and June 
are the chief months. The seed weighs 50 lb. 
to the bushel, there being 23 to the grain, and, 
therefore, about 160,000 to the lb. The bulbs 
weigh some 42 lb. to the bushel, but individual 
swedes may reach 20 lb. each. In measuring 


942 




943 


SCENE: BRINGING THE BCANGELS 



ACmtOULTUIIK 



MANGEL SEED 


Crops. 

Weight. 

Phoephoric 

Add. 

Potash. 

Nltro- 

gML 

Tnmlpt with 

Toaa 

lb. 

lb. 

Ih. 

left vet 

17 

83 

148 

120 

Swedet. do. . . 

14 

21 

70 

102 

Mft&gelt, do. 
Potfttoet with 

22 

40 

262 

147 

hftulm 

6 

2S 

1 

76 

67 


The depth at which seed is sown is especially 
important in the case of seeds so small as that 
of the turnip, which closely resemble that 
of the noxious weed charlock, belonging to 
the same family. The following table indicates 
the relation between growth and the depth of 
the soil. 


Inches 

From 40 

Propor- 

in 

seeds plants 

tion per 

depth. 

came up. 

cent. 

C 1 

31 

77 

Swedes : -j ^ 

29 

20 

72 

50 

1 4 

10 

25 


a prize sample we found that some reached 
37 in. in circumference, while the lot of six 
scaled 120 lb. Turnips, however, may reach 

Wlion the roots 


almost the same weight, 
are singled to 18 in. apart, 
to the acre ; when 27 by 
9 in., there are 26,000. 

It was shown by Voelcker 
that turnips grown 10 to 
11 in. apart were much 
richer in sugar than those 
grown 20 in. apart, hence 
the practice of growing 
swedes and turnips, l^t and 
mangel, of m^ium size, 
and consequently closer to- 
gether. \^en grown for 
seed, an acre of swedes yields 
about 28 bushels, and of 
turnips 20 to 24 bushels. A 
swede crop grown on good 
land under good cultiva- 
tion should average 20 tons, 
and white and yellow tur- 
nips 22 tons to the acre. 
The British average for 
swedes and turnips cover- 
ing ten years is, however, 
only 12J tons, as against 
18J tons of mangels. The 
tops, or leaves, of the turnip 
crops are much heavier 
than those of the mangel, 
varying from 15 to 20 per 
cent. Unfortunately, the 
tops of swedes, like the tops 
of mangels, cannot be pre- 
served; but ploughed into 
the ground they form a use- 
ful green manure. Accord- 
ing to Voelcker and War- 
ington the following are 
the manurial constituents 
removed in root crops. 


there are 19,360 


Kohl - rabi. Of this cruciferous plant 
(Brasaica oleracea caulora'pa)^ which may be 
described as a turnip-rooted cabbage, there are 
two varieties, the green and the purple. It suits 
heavy soils, on which cabbage thrives the best 
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LOTINQ THK CABROT CBOP (Gnat Whfto Bslglaa) 
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Eftbi u one o£ tlie moat healthy foods on the 
lens ; halute than the tnmijp, and snitabb for 
eoiiBiiixiptioa at any time, it deeeryes to be 
more extenaiTely grown. It poeseam one 
adTantagie not oommon to the turnip, it trans- 
plants well, and thus, if grown in a aeed-bed, 
it enables the cultivator to devote a lon|;or time 
for the preparation of the soil into which it is 
to be removed. Unlike the turnip, it is seldom 
attacked by disease. If drilled in the held, 
fitHn 2 to 4 lb. of seed are required per acre, 
but if sown in a seed-bed 3 to 4 lb. of seed will 
suffice for a rod of land. The weight of the 
seed reaches nearly 56 lb. to the bushel, the 
number of seeds in a lb. reaching about 125,000, 

while the 



crop pro- 
duced per 
acre should 


^ reach 20 
tons. 


skins of different colours, white, pink, and dark 
purple. It prefers a light loam, and best of all 
a rich sandy loam, but it is grown with more or 
lees Buocess in most soils except heavy clay. 
In Ireland it is largely grown in peat soils, m 
beds known as “ lasy beds,” with turnips 
between. In England it is usually planted in 
trenches, which are formed by the rising plough. 
The soil must be fine, deep, and in good condition. 
Potatoes are now being grown on an inoreasina 
ticale under glass for early consumption, and 
in the fields from tubers which have been en- 
coura^ to sprout before setting, the practice 
resultmg in an earlier crop. 

The potato is really a tuber, or underground 
stem, like the artichoke, and is extremely 
rich in starch, the real fruit of the plant being 
the berry, which resembles the tomato in this 
respect. Seed potatoes, or tubers, are known 
as sets. These are not the real seed, and con- 
sequently new varieties cannot be produced 
from them. A set should contain 


KIDNEY POTATO, STJTTON’s IDEAL 

Fi^ld Cnrrota. The field • 
carrot (D. caroia; Nat ord., 

UmbelUfem ; genus Daucus) is 
a "biennial, growing best in a 

deep, fine, light soil, excluding — ^ ' 

those of the lightest oharecter, j^nvun potato, srrrc 
while not thriving in the wnensoB castlb 

heavier sous. Although costly 

to grow, the carrot is one of the best known cut 
foom fcM* cows. Under good cultivation it is into a 
.grown to enormous size, and provides a crop num- 
of from 14 to 18 tons per acre, or even more, her of 
The seed sown (10 lb. to the acre), mixed for sets. 


at least two eyes or leaf buds. It 
should be of good shape and size, 
dry and round. Large sets are 
frequently out, and in this case it is 
preferable to use the rose, or large 
t end. In the reproduction of costly 
/ varieties, tubers are frequently 



convenience with sand or fine ashes, weighs, each ^ 
in its natural oemdition, 16 to 18 lb. to the con- 
bushel, a lb, cemtaining about a quarter of a tain- 
milllbof seeds. The leaves, although small, form i n g 
an excellent addition to a ration one or 



t 



The PsMnip. The parsnip (genus, PcM^i- 
naca)t of which one species is grown (P. 
saiiva), is a hardy biennial, mowing most 
freely in the lighter soib, especially if rich and 
deep. Like Uie carrot, it is an excellent and 
sweet food for cows, and is easily kept through 
the winter either clamped or m the grouid. 
A good crop exceeds 12 tons to the acre. The 
se^ 6 to 7 lb. per acre, is drilled, and is better 
mix^ with sand or very fine soil ; its weight 
is 15 to 18 lb, per bushel, and there arc about 
100,000 seeds to the lb. 

PotatiMm. There is only one species of 
the potato grown in agriculture {8. t^erosum; 
Nat. Old., Sohnacecs; genus, Solanum), Itot 
there are many varieties, old ones being 
abandoned when they iiul, and new ones pro- 
dueed. The potato is grown in two forms, 
the kidney, or fiuke, and the round, and with 


two FEBBtJE POTATO, BirTTON’s niSCOVER\ 

eyes; 

the quantity of tubers, sets, or seed, planted 
per acre, ranges from 26 to 30 bushels, according 
to their size, a piled bushel weighing 56 lb. 

The English crop, which is the largest in the 
world, averages about 6 tons to the acre, the 
British averam being 5} tons ; but under high 
cultivation 15 tons, ana even more, have bexm 
grown. The potato is manured with dung and 
artificials ; in soils liable to drought it is pre- 
ferable to employ half a dressing of dung, 10 to 
12 tons per acre, with a complete artificial 
manure combining nitrogen, phosphoric acid, 
and potash, the two latter being deposited in the 
drills at seeding time. The yield of the potato 
crop depends upon the vigour and suitability 
of the variety planted, the manure employed, 
and the thoroughness oif the cultivation. 


Continued 
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Group 20 

TRAVEL OUTLINES OF EDUCATIONAL TOURS ABROAI^ 

Itinenuiei which will enable Traoellert to witness tiie leading 
sights of Switzerland and Italy without sraste of time 


By L A. HAMMERTON and WILLIAM DURBAN, B^ 


SWITZERLAND 

No other country deserves so well the epithet 
of “ the playground of Europe.” The Swiss have 
not only a national genius for inn-keeping — 
so that their hotels are the best in the world, 
taken all lound — but they know that their 
marvellous little land is an epitome of all the 
most ma^ihcent types of scenery. And they 
have made their ‘^Tourist Industry” quite a 
special vocation, laying themselves out in all 
(Sections to provide for the interests of visitors. 
Nowhere on the surface of the globe are the most 
attractive scenic phenomena of mountain, lake, 
valley, torrent, and glacier presented to the 
eve in so compact and accessible an area ; while 
the attractions of the cities and villages, and 
of the simple and unso|yhiBtioated people, are, 
in themselves, inexhaustible. 

Very much may bo seen on each single day 
of a visit to Switzerland by means of the short 
excursions to various lovely spots, all within 
easy reach of this or that centre. Suppose that 
tho visitor to Switzerland for the first time can 
spare only a week or ten days. He would be 
wise to attempt nothing more than a tour 
through the Bernese Oberland. Even in that 
brief time he could enjoy delightful glimpses 
of the glorious scenery to which Berne is the 
gateway, stopping a day each at such places 
as Thun, Interlaken, Kandersteg, and Meiringen. 
But though he could not do much more, he would 
know for the rest of his life what the sublime 
aspect of one Alpine range means. He would 
probably resolve on renewing and extending his 
acquaintance with those scenes of enchantment. 

A Fortnight in Switzerlnnd. If care- 
fully planned, this will bring within the view 

He must, of course, not linger long in any one 
centre, but the distances are so easy that travel 
is much more facilitated than in most other 
It is quite possible within a full fortnight 
,«„t certain portions both of the Bernese 
Oberland and also of the southern section of the 
coimtry, where the Valaisian Alps rear their 
stupendous summits. 

Fxrrt Day. From London to Geneva. 

Second Day. The richest and largest of Swiss 
cities is Geneva. It is the city of the Reformation. 
The day will be spent in surveying the memorials of 
tliat wonderful era. The Cathedraly with the beautiful 
Ohapelle des Maoohab^es, contains black marble 
monuments and saroopham of Dukes Henri de Rohan 
and Tanored, and of Maigfunet de Sully. Calvin’s 
chair is under the pulpit. The handsome quays and 
fine shops, the supm view of the Mont Blanc range, 
and the lovely lake prospects combine to lenaer 
Geneva a place of peculiar charms. 
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Tbibd Day. This should be devoted to excursions 
from Geneva by the lake steamers. Amongst these 
the favourite trips are to Saux V<Benat, 

Coppetf Nyon, Montreux, and ChiUon, The visitor 
has an ample choice for a delightful day. 

Fourth Day. From Geneva, via he Fayet, by 
eleotrio railway to Chamonix. Excursion to the 
Mer de Otace. This needs no guide. The scene is 
marvellous, for the visitor ia in the midst of the 
grand Alps of Valais and ia by the aide of a meur. 
velloua glacier. Mont Blanc towers above alL 

Fifth Day. The excursions in the Valley of 
Chamonix are of incomparable beauty. But the 
tourist will, of course, choose that to the PaviUon de 
la Pierre PovrUMe^ overlooking the Qlaeier dee Boieeana. 
Or he may make the easy assent of La FUgere and here 
also enjoy a wonderful prospect. 

Sixth Day. From Chamonix to Mabtigny by 
the THe Noir. This journey over a grand, wild pass, 
will make a memorable day. 

Seventh Day. Bv train to Visp and Zermatt. 
At the latter place the visitor finds himself in per- 
haps the most supremely attractive spot in all 
Switzerland. Before him rises the Matterhorn iti 
all ita glory, with the Breithom and the Olaoiere of 
^7. 2'hiodule in full view from the platform of the 
Zermatt station. Here is the very “ sanctuary of 
the Spirit of the Alps.’* In the churchyard and 
also mide the Englxeh Church are the graves of 
several victims of the Matterhorii disaster. 

Eighth Day. Excursion from Zermatt to the' 
Comer Grot and Rifelherg. Here are the grandest 
views in Switzerland. The mountain panorama is 
incomparable. 

N iNTH Day. The tourist now leaves the Valaisian 
Alps, and is about to enter the Bernese Oberland 
for Ibe second section of his trip. liAUSANNESis a 
very pleasant city interlude between the mountain 
experiences. A day here is delightfuL The nave 
of the Cathedral is magnificent, and the fhauy monu- 
ments in it are vei^ fine. The town, on its terraces, 
commands splendid views of the Alps of Savoy, 
especially of Mont Blanc. 

Tenth Day. Thun and Inteblajlen. The 
tourist can choose how be will divide his time at these 

f.wn nVtfi.nmin9 IT a will AniA„ nt 

wiw pwrioBs %/ungfrafi wmen can never oe lorgotxen, 
and ne can take little tripe on either of the lovely 
lakes, Thun and Brienz, He should not fail to go 
along the latter, landing to see the famous Oieeebach 
Falls, 

Eleventh Day. At Meiringen, the grandest 
gorge in Europe invitee a stay. In the A or 
are those tremendous Falls of the Beichenbach written 
about so romantically by Sir Conan* Doyle in con- 
nection with the ** Adventures of Sherlock Holmes.** 

Twelfth Day. At Lucerne the tourist rests by 
one of the lovelieet of lakes. He will see the famous 
wooden covered bridge over the Limmat, and will 
admire the beautifully situated towxL Part of the 
first day should be occupied by a trip up the Sonnsn- 
berg, where refreshments may be enjoyed while the 
enchanting prospect is surveyed. 

Thirteenth Day. Basle will repay a stay of a 
day at the conclusion of the tour. The Rhine is here 
a noble stream. In the Cathedral are to be seen the 
wonderful old frescoes of the Death Donee, as well as 
collections of medieval curiosities. 

Fourteenth Day. The return journey to England. 



Lonior Toum* Three weeks would liable 
tbe tcMuiit to stay longer at Lucerne in order 
to ascend the Rin and Pilatus, each being 
scaled by a cog-rauway. He could also devote 
two da 3 ^ to Berne and then give a day each 
to Zurich and Neuchatel. A month would add 
the additional delight of a stay at Grindelwald, 
where he would make acquaintance with the 
Jungfrau at close quarters, with the Wetteihom, 
Eiger, and Monch. He would go to MUrren 
and to the Lauterbrunn3n Valley, and might 
even visit the Rhone Valley, going up the 
Grimsel Pass over to Meiringen. 

Eicpensna. The expense of travelling in 
Switzerland is not great. Indeed, many who 
must study economy, and must be content with 
a few days, manage to spend a delightful week 
in the country at a cost of five guineas. But 
it is safe to reckon that a comfortable tour in 
Switzerland runs the tourist to the expense of 
about a guinea a day. Fares from London to 
Geneva are : First clans, single, £4 16s. Id. ; 
return, £7 128. 9d. Second class, single, 

£3 7s. 2d. ; return, £5 98. lOd. But for a 
mapped-out plan the tourist should adopt the 
runchreise system, as this circular ticket enables 
him within the country to effect a consider- 
able reduction in the fare. The particulars 
are always easily obtained at any of the 
agency offices. But, of course, a special route 
must be decided upon. 

The cost of living in Switzerland is very 
moderate. The managers of the hotels have 
learned to cater specially for Anglo-Saxon 
travellers. The charges vary greatly, but the 
average expense for a day and night, inclusive 
of everything, may be reckoned at 8 francs a 
day. Food everywhere is excellent. At the 
chalets daring long Alpine walks milk may be 
obtained, but it is often the only thing available, 
so the tourist should take a small supply of food 
from his hotel for the day. To stay in the towns 
and to miss such walks is to fail to see the real 
Switzerlaigl, therefore the tourist should traverse 
one or two of the glorious passes, such as those 
already named. 

Boolia to Read. Canon Bonney's ** Al- 
pine Regions of Switzerland,” Lord Avebury’s 
“ Scenery of Switzerland,” J. A, Symond’s 
“ Swiss Highlands,” Dr. C. Manning’s ” Swiss 
Pictures,” Stephen’s “ Playground of Europe.” 
ITALY 

Wherever else a traveller may have journeyed, 
he cannot feel that he has rounded off his ex- 
periences as a tourist until he has seen Italy, 
the land which is the fairest ” favourite of the 
sun,” the supr^e delij^t of poets and artists, 
^e marvel of history, and the garden of Europe. 

Many of the noblest Alpine summits crown 
its scenery above the enchanting lakes of the 
north. AB its immense coast-l^ is fancina- 
tmg. And the long ranges of the Apennines 
— ^with old cities of Etruscan, Roman, and 
mediaeval origin, in which incomparable treasures 
of art are enshrined perched on their crags — 
hide in their recesses and vaUeys countless 
exquisite beauty-spots. In this i^orious penin- 
sula the tourist finds the very acme of the 


delights of travel. A tour in this land ministers 
equally to health, to recreation, and to education. 

Italy is a vast woild in itself. No other land 
teems with so many centres of attraction. 
The i m m e n se length of the peninsula renders 
it impossible for the tourist in a brief trip to 
visit each section of the country. North Italy, 
Central Italy, South Italy, and Sicily need 
attention on ssparate tours. But the two 
first divisions may be seen and enjoyed in a 
cursory manner on a single tour, and the same 
remark applies to the last two. The best 
beginning, supposing that the traveller wisht^s 
to take a fortnight in some of the choicest 
portions of the country, may be easily indicated. 

A Fortnight in Italy. If possible, thirt 
length of holiday should be arranged clear 
of the time needed for reaching the borders 
and for the homeward journey. We will map 
out the very best programme for a first tour 
of this length. 

First Day. The tourist should proceed direct! 
to Como by way of the St. Gothard Railway and 
Lugano. The ancient marble Cathedral^ with the 
magnihoent picture of the Adoration of the Magi, 
by Luini, is alone worth the whole journey. Take 
one of the enchanting trips on the lake, preferably 
that to Bellagio. 

Second Day. Going on to Milan, visit early in 
the morning the incomparable Caiheiralf one of the 
w'onders of the world, with its 98 Gothic tum>tH and 
the 2,000 marble statues on the mighty roof. From 
this roof enjoy the wonderful Alpine view of Monte 
Rosa, Mont Blanc, and the Matterhorn. The 
Picture Gallery in the Brera Palazzo. The gem of 
the collection is Raphaers “ Sposalieiu.** The 
Church of San Lorenzo^ the most ancient in Milan, 
belongs to the fourth century. 

Third Day. This also would be spent at Milan. 
Tbe OaUeria Vittorio Emmanuele^ the largest bazaar 
in Europe. The Piazza della Scalar with the marble 
monument of Leonardo da Vinci. The magnificient 
triumphal arch built by Napoleon, called the Arcu del 
Semptone. Excursion to tne old monastery of Santa 
Maria delle Qrazie^ containing the famous picture* 
of tbe * Last Supper,* by Leonardo da Vinci. 

Fourth Day. Arrive at Genoa. The Palazzo 
BoseOf with famous picture gallery, containing many 
msstc^ieoos of Titian, Van Dyck, Luini, Veronese, 
Rubens, etc. The Palazzo lHancOf with smaller 
but excellent picture gallery. The Palazzo Durazzo, 
noted for its poture gallery with many works of the 
great painters of the seventeenth cemtury. The 
Statue of CoUtmbuz, near the Harbour. The Campo 
Santo, celebrated for its beautiful monuments. 

Fifth Day. Next in order would come Spezia, 
the Portsmouth of Italy, superblv situated. Royal 
dockyard. Lovely exemrsion along the bay to 
Porto Fenere, Ruins of ancient Church of S. Pietro 
on site of a temple of Venus. Or, if preferred, take 
tbe equally delifi^tful steamer trip by other side of 
the magnificent bay to Lerici. 

Sixth Day. This would bring the tourist to 
Pisa, one of Italy’s most attractive cities. The 
Campo Santo, with exquisite monuments and quaint 
frescoes extolled by Ruskin. The wonderful white 
snd black marble Cathedral, Leaning Tower, and 
Baptistery. 

Seventh Day. Two days at least would have 
to be devoted to Flohehoe. The Cathedral, with 
glorious fa<j^ade of coloured marble. The famous 
aerptistery, with the bronze doors called the Oates 
of Paradise. Giotto’s Metrble Tow^, The Vffizi 
Palace, with picture gidlery containing many gems 
of art, inclodu^ Titian’s “Venus of Urbino,” 
Kapha^’s “ 8t. John,’’ Durer’s “ Adoration of the 
Ma^” etc. 
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A Tmrofa Motttli. If at aS poMtoie* 
a mao^ AosM be i^wot ia Italy, aad ^ui woi^ 
— the teaveiler to jadude both extemioiia 
Oi^h»mdt^^htmm oom ci them, etthor HmMee 
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, ^ipihrfti PUT. ftp«id «l Oftttafto, wiagiitlaftrrtiy 
itiililel iw ft giftg fc ato AftMinei* The C aik m ka L 
ift Meite mad wme madm^ abmm tMk thel el 
ttin» ftUb .iti i^brione fepede end niftiflitio nam 
Tbe nuftofti Will with two ftefawni, lined wHb 

BuDTftmcft Day. In two dnye many of the etdbt 
gloriee of Kom may be eeenu The viiitor who 
oennet etay lokkger eboold pro cee d thus the fint day : 
St. Prnw^aOalhmM, thedoroei the Heth/* by Ifkhari 
Angelo, the ohair of Si. Peter, the Oonfemio, with 
§9 ever-bnniittf lampe, the Jubilee Door, in moeaio, 
etc. The Fon^ Palaoe, the laigeet in the world, 
and the home of the Popea. Here ia the celebrated 
SiHiiu Ohaj^f with the wonderful ceiling by Ifiohael 
AoMdo. ana frasooec by groat maateie ; and also the 
wo^-fnad Ra^iael Rooms. The Ohmoh ^ 8t. 
John Loiman. The Holy BtaAmoo. The Ohureh 
of Si. Mmria Maggiof. The Ohureh of Si. Paul 
WUhoutthe Walk. 

TwBLiTft Day. The second day in Rome should 
be given to the Forum, with its extraordinary ex. 
oavations showing the central featurro of Ancient 
Rome ; to the Aroh of Titus, on which ia sculptured 
the triumphal entry into Rome with the spoils of 
Jerusalem ; the dreA of Ssptimus Sovorus ; the 
PalhM of OoraeaUa; Trajan* s Column; and the 
majestic Oolisaum. 

T gnr r ftBN CT Day. At Lbohorn. The picturesque 
ffor&ottr, with its views of Elbi^ Gorgona, and 
Oaproja. The Oiardhno dei Hoffoi. The Corao, with 
its coral and moeaio shops. Ihe colossal statues of 
Carlo Alborio and Ferdinand III. 

Fomrasms Day. Hie last day would be spent 
at Tubiv. This city is the m^tal and crown of 
Hedmont. The noble Supmrga dathedral, on a lofty 
hill outside the city, is the burial-place of the Princes 
of the House of Savoy. The grand, wide streets of 
Turin, the fine statues, the s^ndid shops, and the 
picturesque piasxas make a visit as interesting as 
It is deJightful. 

A Tour of Throe Woeho. This would 
enable the visitor to Italy to enjoy an extension 
ot lus tour olther to the other lakes — Garda, 
Mamnore, Orta and Lugano— <ir to the oities 
of Verona, Padua, and Venioe. The fonner 
would take him into the scenes of the greatest 
beauty, while the latter would be of incom- 
parable interest. The lonner is replete with 
everyth^ that oould delight the eye of the 
artist. *fte lattor appeals to the classic student 
with inesistible chaxm. 


Those im m&itti lim thus «imI 
flisy'Awin'iix weeks tEavoBie llie^whale>-kpi^s' 
of Italy, md becewne aoqwliited with tpmaw dt 
Its Ish^ ind most mnsntie tcaoes. 

E atp o n—ft * The expense ol ItsBaft travel 
Is not at ail extravagant The tourist Amdd 
leokon that onan average he triH require at least 
15s. a day lor travel and hotel expenses, H 
he chooses the finest hotris in ^ome he wiU, 
of course, find his bills oonriderably heavier. 
But in the small towns the charges are often 
exceedingly moderate, and the d^tances from 
town to town are short if a single district 
be chosen. Besides the expense thus indicated 
is to be reckoned the fare from London to Milan: 
First class, sin^, £6 Ss. 7d. ; return £10 Os. 7d. 
Second class, ringle, £4 7s. ; return, £7 2 b 8d. 

In no country is travri now made more 
comfortable than in Italy. All the cities of any 
sise are well provided with tramways. Steam 
and electric roads connect the suburban towns 
with the larger cities. Cabs are dieaper in 
Italy than in either our own country or Aranoe. 
A cab with a single hme costs 1 fiwc a course 
by day, and a frwo and a half by night. 

Fo^. Food in Italy has some peculiarities. 
The oofiee is almost universally largely mixed 
with chicory, but the decoction is very whole- 
some and is well prepared. The bread is every- 
where of very g^xxi quality. ** Macarmu^^con 
pomidoro is ft very popular and most deHoious 
dish. It is a prepimtion of mao^ni with 
tomatoes. Olive oil is used in countless articles 
of diet, and so are onions and garlia 

BooRft to Road. The entertaining litera- 
ture on Italian travel is voluminous. We re- 
commend the intending tourist to read Villari’s 
** Here and There in Itafy,*’ Pennell’s “ Italian 
Pilgrimara,’* Hare’s **Catie8 of Italy,” Mac- 
quoid’s ” Aotuies in Umbria,” Egerton’s “Hill 
Cities of Italy,” liaomillsn’s “ Roman Mosaics,” 
Marion Cra^ord’s “ Ave Roma Immortalis,” 
Ruskin’s “ Mornings in Florence,” Mrs. OHphant’s 
“Makers of Florence,” D. Pidgeon’i “ l^nioe,” 
W. D. Howells’ “ Venetiaa Studies,” A. J. 0. 
Hare’s “Walks in Rome,” Dr. Alexander 
Robertson’s “BiUb of St Mark’sJ* ViUari’s 
“Italian life,” Mia. King’a “ItaUan Hi|^- 
ways,” etc. 
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maA, indeed, the whdte worid, 
inoftlded lor the dttooreriee upon idiioh the 
edvaneei Of inodem tmiee and the inventiom 
of reecnt jean aie baaed. The chief diaoovertea 
whi^ he made in eleoixomagnetiam, Ihe 
fomi^Uition principleB of all trai^oniien and 
of all dynamoa, were made in tiie autumn of 
1831, the- first fruits of his resolTe to abandon 
the luorative work of a profenional expert in 
order to devote himself to scientific research. 
He had indeed already achieved fame by 
earlier researches, chief among them being the 
discovery of the electromagnetic rotations — the 
principle, in short, of electric motors — the 
chemical discovery of benzol and the liquefaction 
of chlorine. But it remained to him to discover, 
what had long eluded the grasp of the scientific 
experimenter — namely, the use of 
magnetism to gjmorate currents 
of electricity. For at that date 
the only known ways of generat- 
ing electric currents were (1) the 
chemical method in the voltaic 
cell, (2) the thermal method by 
the heating of the junctions of 
different metals, (3) the frictional 
method, as in the old glass electric 
machines. The first of these 
defended upon the consumption 
of zinc and acids in batteries ; 
the second yielded very small 
eleotromottve forces, and was 
uneconomical ; the third gave 
sparks and disohaiges raUier than 
usefnl currents, and was unprac- 
tical To these three Faraday 
added a fourth when he found that an electric 
current was generated in a copper conductor, 
mechanicallv, when the conductor was moved 
past the pcue of a magnet, or when the magnet 
was moved near the conductor. Incidentally 
he disooTered a |;reat deal more than this ; but 
the main point » that stated. For if we had 
had to depend on chemical action, thermal 
acHoii, or motUm, for our supplies of electric 
ourrenti there would have been to-day neither 
eleotrio li^t lunr eleotric motive power. The 
public supply of eleotrioitj from central stations, 
and all the thotaand applications in electrical 
engmeeriag would have been quite out of the 
qnesttOQ. 

Induction. In the earlier - discovered 
phenonma of eiectrioiij the only known ways 
of produoiiig a oomitt in a copper wire had 
been bj eontaei or oonduction — the current 



eoidd bq eomhithid from one pieea ol metal to 
another. Aleo it wao knoka that mignethm 
ooald be oondueted alwif an iron bar bj pleoiiig 
it in oontaot with the of a aagnet Con- 
dttctUm along the metallio substenoe from particle 
to particle was a familiar idea. It had also bom 
known for half a oantorv that an eleotrio ohmge 
could be acquired by a body hy inflmme$ from a 
pre-existing charge of electricity in another 
t>ody, at a distance of a few inches apart, with- 
out any oontaot or communication b^ween the 
two. To this phenomenon of action at a dis- 
tance, disooveM by Jedm Oanton, the name 
of induction had bem given, to distinguish it 
from conduction. It was also known that 
magnetism could be imported, b^r influence, 
from a magnet to a neighbouring piece of iron 
without oontaot or conduction, and this was 
similarly called magnetic induction. But though 
one charge might induce another charge, and 
one magnet might induce another 
magnet, no one had ever been 
able to make an electric current 
induce another eleotrio current, 
nor had anjrone succeeded in 
causing a magnet to induce a 
current. Many philosophers had 
expected that some such relations 
would exist. They had tried to 
observe them experimentally. 
Faraday himself had both ex- 
pected and experimented. In 
1822 he wrote in his note book 
as a thing to be tried : “ Convert 
magnetism into electricity.” A 
splendid problem — but how to do 
it ? In 1825 he tried several 
times, but without result, and 
^ain in 1828, for the' fourth 
time, but fruitlessly. But in August, 1831, 
he began a systematic research, from which in a 
brief ten days of work, with intervals of con- 
templation and preparation between them, he 
emerged triumphant. 

Induction from Wire to Wire. The 

idea, suggested analogy, was that if thera 
were two wires lying side by side, and if 
along one of them a powerful enough current 
were flowing, there would be some current 
induced in the neighbouring wire ; but no 
experimenter, not even Fanmy himself, had 
bem able to observe such a thing. Again, it 
had been argued, by analog (but inoorrectW), 
that if an e&otric enrrent arculating around a 
coil of wire, placed so a« to surround a bar of 
iron could make tiiat bar into a magnet (see page 
562), then, as a deduction, if we were to put 
a powerful enough steel magnet inside anon a 
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of copper wire, ihe msgoet oi^t to indooe 
ift oarreat of electndty m the coil, fiat it did not 
when the experiment tried. How to con- 
cert magnetism into Meotricity still remained 
a problem. 

When Faraday set to work he began by coiling 
wires round wooden rods and wooden blocks ; 
two wires, not touching cme another, being care- 
fully coiled side by side so as to lie close beside 
one another. He joined up one wire to a 
battery so that a current flowed along it. Then, 

i oining up a galvanometer to the second wire, 
le lo^ed to see whether any trace of current 
was “ induced ” in the second wire by the in- 
fluence of the current in the first wire — and 
there was none. He varied the experiment in 
several ways, but obtain^ no success beyond a 
faint disturlmnoe in the galvanometer, which 
occurred only if the galvanometer wire was 
joined up first, and the connection of the other 
wire to the battery was made afterwards ; and 
then the disturbance was only momentary, 
at the instant when the battery connection was 
made or broken. As to any feeble current 
such as he had expected there was none. But 
the faint disturbance was a hint not lost on so 
keen an observer. It showed him that he must 
look for a transient effect, and to observe it the 
better he constructed new apparatus. This was 
tried on August 29th, 1831. 


Faradny*u Ring. Faraday had made a 
ring [87] of soft iron. It was forged by a 
blacksmith of iron rod ^ inch in thickness, and 
was 6 in, in external diameter. On this ring 
were wound two coils (A and B) of insulated 
copper wire ; there being 72 feet in coil A, and 
60 mt in coil B. This ring wcls used as follows. 
A battery of ten small cells was prepared to be 
connected to coil A, while coil B was joined to 
a simple galvanometer made of a coil of wire 


passing over and under a 
needle. On the circuit 



compass 
b e t*veen 
coil A 
and the 
b a 1 1 ery 
[88] there 


1 m m e - 
diateand 
transient effect on the 
galvanometer in the 
B circuit ; its needle 
was deflected, oscillated, and finally settled down 
in its original position. On breaking the connec' 
tion with the battery, the galvanometer again 
showed a temporary disturbance, but the 
deflexion was in the direction opposite to that 
of the deflexion which occurred on making the 
circuit As the two coils A and B were quite 
separate, electrically, from one another, it was 
clear Uiat the current in A had induced currents 
in the coil. It was also clear that the iron ring 
had a share in the operation. In fact when 
the current in A was turned on, the circulation 
of the current in the A coils had magnetised 
the ring ; and when the current in A was turned 
off, the iron ring had ceased to be a magnet 

OflO 


The magnetism the iron core had obviou^ 
acted on the coil B, and had inductively gener* 
ated currents in it. 

Inductlcm by Steel Magnets. On 

the third day of the experiments Faraday 
varied the plan of experimenting as follows. 
He had seen that in the ring experiment the 
magnetism made by coil A was evidently the 
agent which acted on the coil B ; and he tested 
the matter by changing the apparatus so as 
to use the m&gnetism of common ma^ets of 
steel instead of the coil A, which, with its part 
of the ring core, had acted as an electromagnet. 
Accordingly, he connected the galvanometer 
by wires to a new B-coil not wound on a ring, 
but wound on a short cylinder of soft iron ; and 
magnetism was imparted to this core not by 
any magnetising coil, but by 
bringing into contact with its enc(s 
the poles of two bar magnets of 
steel. The arrangement is depicted 
in 89, where the pol^ 
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the presence of transient induced currents in the 
coil. Hence, as Farsiday records, here was a 
distinct evolution of electricity by the aid of 
magnetism. 

Motion Eoaential. The circumstance 
that these effects were transient, and that no 
current, not even the feeblest, was generated 
while the magnets remained in contact, ex- 
plained the failure of so many previous attempts. 
The missing factor in all the futile attempts 
had been motion, or what was its equivalent, 
change in the magnetic state. The magnet of 
resty or the electric current flowing with unifdrin 
intensity, produced no indiictive action on the 
neighbouring copper wire. The m^net must 
move, or it induced no current. The current 
in coil A of the ring must equally not be a 
current at rest ; it must be a current that 
is growing in strength, or a current that is in 
the act of dying, if it is to act inductively ; for 
it is only whUe the current is chafing its 
strength that the magnetism due to it under- 
goes change. 

Movemeiit of the Magnet. On 

the fifth day Faraday used a hollow cylindrical 
coil made by ooili]:^220 feet of wire around a 
pasteboard tube. Tliis coil was joined up to 
the galvanometer. He then took a oylhumcal 
bar magnet of steel 8^ in. long, and f in. 
thick. On plunging it [4f0] into the oou the 
galvanometer needle made a quick movement 
to one side, and tlien returned to its zero. On 
pulling the magnet out, the needle again moved, 
but in the opposite direction. Here, evidently, 
an deotromotive impulse was induced by 
mese approxitnation of the magnet, and not, 
as in the case of the iron ring, by formation of 
the magnetism in the stationary iron. Farther, 
as the magnet used in the operation lost none 




of iti iiui|;iieti8m during use, the energy which 
ntopeiled the current must have been derived 
rrmn the movement of the arm. It was the 
mechqmcal generation of a current by the ex- 
penditure of energy rather than any conversion 
of magnetism into electricity. 

Faraday followed up this eimriment by 

another with two coils, each of 

which was separately f ^ stretched in the 

form of zigzags over I wooden pegs 

against the face of a ^ J board. The A 

coil was joined 
^ to a battery, the 
B coil to a gal- 
vanometer. When the 

two boards were moved 
suddenly towards one 

another the needle was 

^ deflected ; when they 

were moved asunder the needle was deflected in 
the opposite direction. Soft iron electromagnets, 
when used in the same way as the per- 
manent magnets, also produced inductive ^ 
effects in a neighbouring coil. Faraday IT 
christened the phenomenon he had thus / 
discovered by the name of "s H 

magnetO'dectric induction. ^ V. 

Faraday** Primitive 
Dynamo. On the ninth 


day of Faraday’s experi- 
ments he was able to con* 


ments he was able to con- ^ 
struct a “new electrical 
machine.” Borrowing the 
most powerful compound 
magnet he could procure, I 
he affixed to its poles, 
in order to concentrate 
its magnetism, two pole- 
pieces of iron set about 
I in. apart. Into this polar Faraday’s disc 
gap, where the ma^etic dynamo 

field was strongest, he introduced a wheel or 
disS of copper, 12 in. in diameter and J in. 
thick, fixed on a brass axis mounted in frames 
so that it^uld be revolved. Against the edge 
and axis of this revolving disc he pressed collectors 
of springy metal, and these he connected by 
wires to the galvanometer. Fig. 41 shows the 
apparatus. On revolving the disc bv hand 
a current was continuously generateci, which 
produced in the galvanometer a steady deflexion. 
The direction of this deflection was reversed 
when the direction of rotation was reversed. 

“ Here, therefore,” he records, “ was demon- 
strated the production of a permanent current 
of electricity by ordinary magnets.” 

This was the first primitive dynamo. The 
name, however, of dynamo-electric machine 
was not used till 1867, when Brooke coined it 
to connote all such machines. “A dynamo- 





eleotrio machine will be one in which dynamic 
mmrgy is employed to produce an electric 
current.” 

Fanulay further pointed out the important 
part in all these exmriments and apparatus 
played by the invisiUe magn^k lines (p. 660) 
of the magnets. He show^ that in order to 
create any of these inductive effects the copper 
conductors must so move as to cut across the 
magnetic lines, or else the magnets or magnetic 
lines must so move as to “ cut ” by the copper 
conductors. In fact, the induced electro- 
motive force is proportional to the number of 
magnetic lines cut per second. 

SparK from a Magnet. In these 
splendid ten days Faraday had harvested a 
crop of new facts, new relations, and new 
principles, destined to immense development. 
He did not rest till he had shown that these 
induced currents could, like the currents from 
batteries, produce sparks and shocks. A simple 

^ piece of apparatus for generating r 

spark is depicted in 42. On the poles 
\ of a horse-shoe mamet rests a short 
\ bar of iron, provided with handles. 

\ Around the bar is wound a 

\a £:::3 coil of wire, one of the ends of 
which is connected to a spring, 
making contact lightly against a 
metal button joined to the other 
end. On suddenly snatching 
this coil off the magnet a current 
is generated in the coil, and as 
the spr ng chatters at its contact with 
the mechanical shock, the current mani- 
fests its presence by a tiny spark. 
Modern Commercial Development. 
Faraday, who devoted himself to pioneer 
research, did not push the commercial applica- 
tions of his discoveries. ” I have no time 
to make money,” he explained. He ended 
this epoch-making research with the memorable 
words : “ I have rather, n 

however, been desirous of dis- 
covering new facts and new /IBi 

relations dependent on mag- Oidj^ 
neto-electrio induction, than | 

of exalting the force of those | 1 

already obtained ; being | || 

assured that the latter would Jl Ul 

find their full development 
hereafter.” 

That “full development 
hereafter” we see in the 42. fahaday’h 
thousands of dynamos, spark apparatus 
alternators, ma^eto-generators, motors and 
transformers which furnish light and power 
by electricity for the use of mankind all the 
world over. It was the self-denying genius of 
Faraday which made them possible. 


Continued 
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lamlj farmed frmn tl)e marrow in bonee, in the 
and elsewhere ; they differ from body 
cmls in their shape, having no visible nucleus or 
oentral part that is darker than the rest. They 
iTO W per cent, water. Their average length of 
life is two weeks, during which they are filled 

A with oxygen in 
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89. VARIOTTS BLOOD CfORPUSCLES 
a. Human white blood corpuscles, 


the lungs, and 
emptied in the 
tissues some 
20,000 times. 
They are de- 
stroyed chiefly 
in the liver, 
where they help 
to form the bile. 
Thus, in the 

some with processes, h. Human red nothing 

blood corpuscles. <*. Oval blood cor- is wasted, 
pusdes of bird. d. Blood corpuscles 

puscle is com- 
posed of a framework of protoplasm, holding in 
its roeshwork a tran^arent viscid substance 
called hcemoglobin. It oftt^n swells up and 
becomes more or less spherical. It is ex- 
ceedingly elastic, and more numerous 
in the male than in the female. Red 
corpuscles have a great tendency, in 
some conditions of the blood, to adhere 
together or change their shape, ^lmonakv 
T hey are yellowish in colour, 
and only show the red tint of 
blood when seen in masses [40]. 

Their numbers rapidly diminish 
in certain diseases. In amemia there 
may be only one -fourth of the 
number present in health. One 
characteristic of haemoglobin is its 
remarkable afiinity for oxygen ; 
owing to this the blood ab^rbs 
twelve times as much oxygen as 
water. The hsBmoglobin holds this 
*ga8 in a very loose form, so as to 
part with it readily. As the blood 
passe# through the lungs it receives 
oxygen, and the haemoglobin becomes 
Bxi oxyhfmoglMn, as in arterial 


they have no cell-walls, but, unlike them, 
they have one or more distinct nuclei. 
They have a finely granulated appearance, 
which, on examination under a higher power, 
is seen to be due to a meshwork that pervades 
them, the comers of the meshes being formed 
into knobs; 

m 


the 


part of 
granules may 
be food mate- 
rial. The 
colourless cor- 
puscle 8, or 
leucocytes, of 
the blood are 
identical with 
the smaller de- 
scription of 

1 1 It iJUPVTic-n 

vmph oeliH pugcien. 
that are found »ut*i<*u8. 
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40. CORPI SCLES 
lUid ouruuseteg. li. Kfd cor- 
pUfcicK III rouleaux. C. White cor- 
D, W^hite oorpuftclQt with 
K. White corpuBclei, wltli 
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all over the 

body, and particularly in the spleen and lymphatic 
glands. The function of these cells has long 
been doubtful, and is only now lioginning to bti 
undcrsbxKl. They have very active habits during 
life. Possessing the power of traversing 
the walls of the blood-vessels with the 
greatest ease int-o the lymph space 
around, or into the body tissues, they 
are found in enormous numliers wherever 
any^ active inflammation h\ going on, 
amd they form the principal part of 
I A pus or “ matter.” 

Enemies of Bacteria; Professor 
Mctschnikoff, of the Pasteur In- 
stitute, regards white corpuscles as 
our defenders against microbes of 
all sorts, and has lately shown how 
active they are in eating and destroy- 
ing bacteria and germs, and aim) 
refuse of all kinds ; while the curious 
fact has been discovered that from 
Peyer’s patches in the intestine, 
where they abound, they migrate into the 
tube, seize on all the bacteria they can 
find, and carry them down into the 
deeper tissues, where they and their 


blood ; tken, again, as it reaches the temal wUb Ste spoil both become the prey of a larger 

' of lymph corpumdo, called 


tissues, the oxygen leaves it, and it 
is reduced to heemoglobin. It is in this way 
that blood is the great oxygen carrier of 
the body. Hsemoglobin forms 90 per cent, 
of the bright red corpuscles. It is a ciystalline 
body, and its one and special function seems to 
be to oemvey oxygen. 

WJhite Corpuadea. The colourless, or 
vihdU corpuscles (discovered by Hensen, 1778^ ^ 

larger th4a the 
'' * ^ (infer to, 

diametw)^ but 

I * -Mi. L... , areonly^ri- 

^^E^-'^during life 
_ _ their ' ^pe 

8% SBOTicnf AimsT oonstan tiy 

4- Ar^.^L Adveatitk varies [41j. 
“ «<i«t *. tJfci. Hie, red 


j . 



JOi^ A JEntima, or living membrane, 
i. HoaM of oeys of Intima 


cbrpuscles, 


description 
giant cells. 

Enough has been said to show what a life of 
varied interest and usefulness white oorpusclM 
lead, and to encourage us to hope for still 
ffirther discoveries respiting them. They 
increase rapidly by fiwion, which the red 
corpuscles never do, and appear in amazing 
quantities in a very short time wherever they are 
wanted. The spl^n is one great source of their 
origin, and in the splenic vein they number 
1 to 80 of the red corpuscles. 

The most remarkable feature about these 
corpus* 
cles is 
their 
constant 

^ange corpusc?lb8 uhdeb thi microscope 

of shape living white corpmclei changing ihape 
(which IS under toe miorofccpe 
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46 . VEIN 
VALVE8 
Longitodlnai Mo- 
tion through ft 
vein, showing 
valves 


always vefyirngulMf) hvamceboid 
movementg, so-oalled mm their 
similarity to those of the amaeb<B of 
stagnant waters. The great dis- 
tinctkm between these and the 
red corpuscles is that the power 
of the former is distinctly vital ; 
their change of 
shape is oer- 
taimy of set 
purpose^aewhen 
they enclose a 
particle of food ; 
they orobably 
exercise, too, 
some distinct 
influence over 
whereas the red 
merely oxygen 


and 




1 . ; 


I 


the plasma, 
corpuscles are 
carriers. 

The Properties of Blood. The plaama, 
or liquid part of the blood, is nine-tenths water, 
is of a yellowish colour, and contains 
carbonic acid gas, albumen, fats, glyco- 
gen (liver sugar), and salts 

It has, be- amiiici 

cause of other 
bodies con- 
tained in it, 

a most re- 

markable i m 

power of dot’ 

ftn^orcoagu- ^ 
lating — a 
process, in- 
deed, on which our life depends. As will 
be seen in the section on Ill-Health, 
there is a class of peopfe in whom this 
clotting power is either wholly absent 
or so feeble as to be useless, and these 


47 . OAPILLABIBS 
Longitudinal Motioni. L Tranivene 
section. A. Ceils, of single wall B. Nuclei 
of cells. C. Branch of capillary 


iry evenly 
tne fluid. 


NET- 


BLOOD- 

VESSELS 


VALVES IN VEINS, OPEN 
AND CLOSED 


** To the naked eye the layer of 
blood upon the firH dide will appw 
of a pw reddish oolom, and quite 
clear and homogeneous ; but, on 
examining it with a pocket lens, its 
apparent homogenity will disappear, 
it will looc like a mixture of 
excessively fine, yellowish-^ 
particles Hke sand or dust, with 
a watery, almost colourless, 
immediately after 
the blood is drawn, 
the particles will wobx of 
appe^ to be scat- gafillaby 
very evenl; 

throi 
but 
they 

C hes, am 

mesmore or 1^ spotty.” 
The particles are the red corpuscles of the 
blood ; the nearly colourless fluid in which they 

are suspended 
is the plasma. 

The second 
slide, pre- 
pared as de- 
cribed above, 
may now be 
examined. 
" The drop of 
relative blood wiU be 
SIZES unaltered 


.te 


into minute 
of blood 
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are in imminent danger of bleeding to 
even if a tooth is extracted. 

Huxley gives the following simple 
experiment to demonstrate this 
power of clotting : 

< ” Twist a piece of string pretty 
tightly round the middle of the last 
joint of the middle or ring finger of 
the left hand. The end of the 
fln^ will immediately swell a 
litrie, and become darker coloured, 
in bonsequence of the obstruction 
to the return of the blood in the 
veins caused by the ligature. When 
in this condition, if it be slightly 
pricked with a sharp, clean needle, 
a good-sized drop of blood will at 
once exude. I^t it be deposited 
on a slip of thick glass, and covered 
lightly and gently with a piece of thin 
gttss, BO as to spread it out evenly 
& a ^in layer. Let a second slide 
reoMve another drop, and to keep it 
drying let it be put 


-th. 


(' 


ARTERIES, CAPILLARIES, 

AND VEINS 

Sectional area A. CapiUariee. form, and Der- 

B. Arteriea C, Velne « ^ 

naps may 

seem to have undergone no change. Dut if the 
slide be inclined, it will be found that the drop 
no longer flows, and, indeed, the slide may 
be inverted without the disturbance of the 
drop, which has become solidified, and may 
be removed with the point of a penknife, 
as a gelatinous mass. The mass is 
quite soft and moist, so that this* 
setting or coagulation of a drop of 
blood is something quite different 
from its drying. 

On the ^Atrd slide this process of 
coagulation will be found not to 
have taken place, the blood remain- 
ing a fluid as it was when it left the 
b(^y. The salt, therefore, has pre- 
vented the coagulation of the blood. 
Thm this very simple investigation 
teaches that blood is oompo^ of 
a nearly oolouvless plasma in which 
many coloured oorpuscles are sus- 
pended, and that this coagulation 
may be prevented by artificial means, 
Bupn as the cMldition of salt 
The coag^tion is Inrought about 
the (Urging of a p^ of the 
la in^ a brsnohifig mass of 
ibrons tissue called fStpn, in the 

§ ut wilder an 44. ^terial AND vEN!Mm»«^^ iHjriads of the 

labit of wet system of the body ^ oorpuscles are entan^ed. 
blotting-papr insida Let a third ^ Blood C^oto. As the 

drop be dealt with in the same way, a few granules dot is thus formed, a thin straw-coloured 

of common salt being first added to the drop. fluid is squeezed out called the serum, which 
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k pcaotioaQY plasma deprived of ita fibrin. 

The value of mm clotting power k, of oonree, 
in ita solidifying the blood at the mouth 
of a out artery or vein, so that it can 
no Icmger fiow, thus stopping up the open ^ . 
end of the ves^ Blocm never clots in 
a bealtliy vessel during life, but some- 
times the blood may clot in diseased 
veins, and thus become a great 
source of danger by blocking the ci- 
circulation. Clotting in the olood m... 
k hastened by any solid bodies in 
the blood, by heat at 100® F., 
by being stationary, by the 
action of air, by deficiency 
of water, by injury or 
disease of vessels. ft is 
deferred by increase of 
water, cold or great heat, 
by an alkaline solution 
(salt), and by being in 
living blood-vessels. Ai^rial 
blooa clots more quickly 
than venous blood. 

On the whole, blood has 
a similar chemical composi- 
tion to that of muscle. The 
gases in the blood are as 
follow : Oxygen, 20 per cent, 
in arteries and 10 per cent, auricle. C. Wall of ventricle. 


white corpuscles ; the latter lined with many 
active living cells, which have definite work to 
perform. 

The Aorta. The arteries begin in one 
strong vessel, the aorta [48], 1 in. in 
diameter, which, as it leaves the 
fmwr \ heart, soon subdivides into six 
•branches — two for the bead, two 
for the arms, and two for 
the lem. These divide 
and subdivide as they run 
along “the protected inner 
sides [44] of the limbs and 
all over the body, like the 
branches of a tri^, till the 
tiniest twigs are so small 
that they can hardly \ye 
seen by the naked eye, and 
those arc called arterioles. 
Arteries are elastic and, 
alwa 3 rB being a little over- 
full, they are ever on the 
stretch, and so maintain 
that gentle pressure on the 
blood that keeps up the 
flow between the boats of 
51. HEART, WITH LEFT CHAMBERS Ihe heart. When an artery 
EXPOSED ruptures, the inner coat 

A. Pulmonary veins. A 1. Left auricle. B, Wall folds over inw'ards as it 



corpuscles , 

acid gas in arteries, and 


/ji- Apex of contracts, and thus at once 
- hegins to stop the flow of 

Mitral blood. 

FI. Opening of valve. G. Semilunar 
valves of aorta. G 1. Aorta. H. Pulmonary 


*,11 heart. D. Fleshy column attached to val 

m veins, all carried m the Muscuii paplllaree and cordce tendinem 
red corpuscles; carbonic tached to valve. El. Left ventricle. F. Mlt 


A short distance from 


erv. , . _ 

earned in the plasma ; arteriosus to aorta. L. Arteries to the smallest veinleta begin, 

nitrogen, 1 or 2 per cent, vol, and rapidly uniting form 

The Blood-veseele. We now turn to large trunks which lie alongside of the arteries, 
the blood-vessels, which include two out of the until at last the united volume of blood is 


three sets of pipes in the body ; the third, 
or the lympnatio, we shall speak of in 
the next chapter. 

• The arteries [42] are so called be- 
cause hy the ancients they were always 
BuppoiB^ to contain air, as after 
death they were always found 
empty. They are stout tubes 
that remain round even when 
empty, and are made of 
three coats, the outer (the 
adventitia) being fibrous for ^ " 

protection, the middle (the ci - 
muscular), to regulate the 
size of the vessel, and * — 
the inner one (the intima), 
a delicate membrane of ^ 
living oelk which have 
many active functions to * ~ 
perfcfrm, not least of 
which k to aid in re- 
moving impurities, germs 
and the like, from the 
blood. So that we must 


returned to the heart by two great 
veins, each the size of the aorta, o^led 
the superior and inferior vena oava. 

Veins. Veins, like arteries, have 
three coats, but, unlike them, these 
coats are so thin that an 
empty vein flattens and col- 
lapses. They also differ from 
arteries, especially in the limbs, 
in having a remarkable arrange- 
ment of valves [«]. the value 
of which will be apparent when 
we come to speak oi the circula- 
tion. These valves are in 
pairs, an inch or so apart, 
and are made to open 
towards the heart, so as 
to afford no obstruction 
to the promesB of the 
blood in ^t direction 
[46], but to close at once 
if it tries to turn back. 
The walk being thin, they 

*2. HKABT. WITH EIOHT CHAMB13W MCPOSBD 
OiStmoay understand that ^ superior vena cava. B. Inferior vena cava, 
mere is nothing dead or bl Hepatic veins. C. Bight auricle. Cl. Oc^ng arteries. 

about either veins. J>. Valves of uulmonaryart^. X> 1 . IJeshy Capillaries. Until 
1.1 j j *x»i^ff****- E. Tricusjrtu vslve, JBl. Oorde tendinMs . wait nil that 

the blood or blood- a^bed to valve. Pulmonary artery. C. Attach- 1661 this 
vessek. The former k aisat to aor^ H. Aorta, g. Vaseto from was known of the blood; 



filled with active 


E* Appendix of Hft 
Uvfng Jir^ BlSSt ventricle 


auricle. M, Left ventricle, and it was believed 
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tii«t the blood wii poured out into the tieeiiee 
by the erteriee, to be picked up a short 
distanoe off by the Teins. It was then 
dkooTcredf hoireTer, that between the two 
an intricate network of tiny miorosoopio 
Uood-Tcssels (called eapillariti) exists, some 
ol an inch in diameter [47] extending all 
over the body in such inconoeiyable numbers 
that it k almost impossible to insert the point 
of a pin anywhere without piercing 
one of tliem [48]. The whole 
body thus consists 5f tiny islets 
of cells surrounded by capillaries, 
which themselTcs lie in lymph 
channels. These tiny yessels 
hare but one coat, but as we 
have fully described them and 
their remarkable functions in the 
last chapter, we need not re- 
capitulate hm. They extend to 
thousands of miles. If the arteries 





68. VALVBB OF TRB HEART 
A traoivene »eetk>B. A. Aorta. 


wfaicb the inner layer of the perioacdtum is 
adherent. The wrist will represent the smt 
vessels passing off from the heiut, around mioh 
the ne<m of w double bag extends. All the 
serous membranes which enclose the various 
organs are made on the same principle— around 
the brain, lungs, and digestive organs. 

Muaclea of tho Homrt. The middU, 
or muscular coat, forms the main substance of 
the heart itself, and in a mus- 
cular man varies from a Quarter 
of im inch to an inch in thickness ; 
while the inner coat is the lining 
membrane of the heart. 

The muscle is peculiar, for the 
fibres are intermediate between 
the striped, or voluntary, muscles 
of the limbs and the unstriped, 
or involuntary muscles, of the 
arteries. They have transverse 
stripes and contract altogether 
like the former, but are not under 
thus re- 


begin in one tube 1 in. in diameter, 

.“d in two ^ 

tubes with a united calibre of flaps of mitral vsive. F'l.t, AS. Fiapt semblmff the latter. They are 
IJ in., the imited calibre of ot tri<^pid valve. L, left iide. arranged in circular, oblique, 
cpOlarie. i. represented by A lUghfid. . .8 .. . . • . 4. . 

a tube of about 2 ft. in diameter [46]. 

The Heart. We must now proceed to 
describe the mechanism by which the circulation 
of the blood is maintained by the elaborate 
pump called the heart. 


The heart, envelop^ in the double layer of 
the pericardium, is in the form of a blunt, 
hollow cone about the size of its owner's fist. 
It weighs about 9 oz., and is situated behind 
and somewhat to the left 
side of the lower half of the 
sternum, or breast- bone. Its 
base is uppermost and to the 
right, its apex being downwards 
and towaids the left. It con- 
sists, like the arteries and 
veins, of three coats ; an 
outer fibrous coat, called the 
pericardium, which really con- 
sists of two layers, forming 
a closed sac, the heart being 
folded up in H. The inner 
layer k closely adherent to 
the heart, and the outer layer 
to the connective tissue 
around, a small amount of 
fiuid being between the two. 

An illustration may help us 
to understand bow the puri- 
oardium k arranged. Take 
two thin paper ba^, of w^ioh 



On : 


longitudinal, and (towards the 
apex) in spiral layers. They continue for 
some distanoe along the two large veins. 
The fibres that surround the upper half 
of the heart are dktinct, and can oontriot 
sedately from those around the lower half. 

The muscular coat varies immensely in 
thickness. It k thinnest around the upper 
half of the heart on both sides (the auricles), 
because the work here k slight and only oonskts 
in forcing the blood, as the auricles 
contract, into the two lower cavities 
(ventricles). It k twice as thick on 
the lower right side, for thk 
has to do twice as much work 
in pumping the blood through 
the lungs ; and it k more than* 
twice as thick again in the 
left lower half, l^au|B thk 
ventricle has to pump the 
blood all over the b^y. The 
thickness of the muscle every- 
where k in proportion to the 
amount of work it has to do. 

CbAmbers of the Heart. 
Inside, the heart in man k 
divided longitudinally into 
two halves, right and loft ; 
each half k again divided 
transversely, thus making four 
chambers in all [54]. In fish 




54. DUOEAM OF Tm EXABT 

^ ^ ^ , rijjht k4e two v ewe li alter mad one there are but two, in a frog 

on, to Kiidler thra *“• three, while in the otooodile 


the other, so that one may be 
contained within the other, both beiag fully 
dktended. Now slightly fold back the edge of 
the mouth of the inner bi^, and gum it all round 
to the edge of the mou^ of the outer one. 
There k now a double bag made with an inner 
and an outer layer, and a small space between 
thmn, oomj^tely shut off firmat the outaide. 
Suppose the doeM fist to be just large enough 
to fill the hmer bag, itwillreiureeenttheheart, to 
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upwards, we get four, AH 
these stagee are passed tJ^ugh in t^ human 
embiyo [61]. 

The hro upper chambers are called respeo- 
tiveljr the right and left auricles, because on the 
top oi each k a small flap like a dog's ear, and 
ourioida means a little ear. They than 

muscular walk. The two lower ones are .called 
the right and left ventricles (ceyifrietdo, a little 
belly), and have much thiolw walls ; the left 



bd^ alto At least tluee timM the streiigtli of 
llie Bsdb ohsiiiber holds about four 

tableepOQnfuIs of Uood. There is no diieot 
oommunteation between the ri^t and the left 
side of the heart after foetal life. 

Tnp^doora of the Heart. Each auriole 
ooaunimioates with the rentriole below by 
a sort of large trapdoor in the floor, which 
on the right side consists of three flaps, and is 
called the tricuspid valve, and on the left of 
two and is called the mitral or bicuspid valve. 

The right auriole has, in addition to this valve, 
the large openi^ {sinus venosus) common to 
the terminal veins [52]. 

In the right ventricle is the opening of the 
pulmonary artery which conveys the blood to 
the lunp to be purified, guarded by a semilunar 
valve which has three flaps. The centre of each 
margin has a little node (the corpus arantii), 
the three meeting when the valve closes. The 
bulging of the wall of the artery behind the 
valve is called the sinus of Valsalva. The parts 
in the aortic semilunar valves are simuarly 
named. The left auriole has four openings for 
the four pulmonary veins that return the purified 
blood from the lung to the heart ; and in the 
left ventricle is the large opening of the aorta, 
by which the blood finallv leaves the heart, 
guarded by a semilunar valve, which has three 
flaps as in the right ventricle. 

Tliere are thus in the heart [68] three valves 
with three flaps (two semUunar and one 
tricuspid), and one with two flaps (the mitral). 
The arrangement of all these valves is such that 
the blood can only pass in one direction, alwa^ 
from the venae cavae towards the aorta. The 
orifices of the valve are strengthened by thick, 
fibrous rings, while the flaps of the tricuspid 
and mitral valves are stiffened and prevented 
from rising too far by strong bands (musculi 
mpiUares) and cords (cordae tendinsas) fixed 
from the inner surface of the ventricle to their 
lower side. Fleshy pillars (columncs carneoe), 
from 'v^ich these cords spring, are also seen on 
tl\e inner surface of the heart. 

The two arteries (pulmonary and aorta) 
come from the front of the heart, while the six 
veins, two venae oav» and the four pulmonary 
veins, enter at the back. There are thuet eight 
large blood-vessels connected with the he^, 
thi^ with the right side and five with the left. 


On the right the two venw oavw returning blood 
ftpom the body to the right auriole, and the 
pulmonary artery (the o^ one in the body 
conveying venous blood) carrying the blood 
from the right voitriole to thelungs. Then 
on the left the four pulmonary veins from the 
lungs enter the left auricle, and the aorta leaves 
from the loft ventricle. 

A.ctioii of the Heart. The heart con* 
tracts by nervous mechanism in the organ 
itself, and this is related by the brain, ^e 
heart muscle alone has a remarkable inherent 
contractile power, which u dependent on no 
external nervous energy nor even on the nerve 
centres in the heart, nor on blood in the heart. 
Contraction has been seen in bits of freed heart 
muscle, and appears to be absolutely automatic. 
No other muscle has this power, and there is 
no other muscle even in appearance like the 
heart muscle. 

The heart as a whole, out out from the body 
but supplied with blood, will beat for days. 
If supplied with oxygen instead of blood, for 
twelve hours ; if with air, for three ; if in a 
vacuum, for half an hour ; if with CO^, in each 
case it stops. There are in the heart three or 
more nervous centres from which undoubtedly 
energy is supplied ; and bits of muscle contain- 
ing them ^at much more vigorously than 
those without. 

Then besides this, the frequency of the con- 
traction is regulated by two nerves. The one, 
the pneumogastric, slows the beat, and pressure 
on it may stop the heart altogether ; the other, 
the sympathetic, accelerates it, and the influence 
of the emotions, causing the heart to beat more 
quickly under excitement, explains how that 
oraan came to be regarded as the seat of the 
af^tions, with which it has really nothing to 
do. 

The heart has no nerves of sensation, and 
hence it can feel nothing, and such a thing as 
pain in the heart is impossible. Even in angina, 
the only painful heart disease, the spasm is 
believed to be in the arteries and especially in 
those arteries (the coronary) that supply the 
walls of the heart itself with blood. 

The heart on rare occasions is transposed 
and may be found beating on the right side of 
the body instead of the left. In disease it is 
frequently greatly enlarged. 


Continmsd 
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FRICTION & ITS APPLICATIONS 

Theory end Laws of Ffictton. Mechinicai Uses of Prictioii, 
iactodiiig Brakes, Bett^uunmers, Chstdies, Gears, Shafttni^, Belts 


By JOSEPH G. HORNER 


Friction. No substanoe exists which 
has, or can have, a perfectly smooth surface. 
THte polished face of a piece of wood or stone, 
ixt the surface of ylass, is covered with minute 
roughnesses, although this unevenness is iro- 
peroeptihlc to the senses of sight and toucii. 
^us, when two surfaces are in contact, the 
multitudinous protuberances interlock, resisting 
both the sotting in motion and the continuance 
m motion of one surface over the other. This 
resistance is called friction. It destroys, but 
cannot generate motion, and it acts always in the 
contrary dircHition to that in which the Ixsly is 
moving. 

How does the engineer regard friction ? Some- 
times this force acts as a valuable ally in pro- 
moting the stability of a structun? or in assisting 
the work of a machine, and it may even be 
necessai^ to assist this force in its tendency to 
resist slipping. To friction we are indebttHi for 
the action of the driving-wheels of locomotives, 
for they would otherwise slip on the rails and 
make no firognms ; for the action of cords and 
straps round pulleys and drums ; for the gripping 
power of a vice; for the arresting power of a 
brake; and so on. Sometimes, however, friction 
is distinctly disadvantageous, and presents an 
obstruction to the efheiont working of a machine. 
Tlie ingenuity of engineers is then called into 
play to reduce its inimicwl tendency. Thus, roller 
ana ball Itoarings assist Uio rotation of a shaft, 
while oils and tallow are extensively used as 
lubricants. Even then continual friction 
^gadually abrades the hardest material, and so. 
m a maobine when^ two parts are exposed to 
friction, that one which can lie more easily or 
cheaply replaced is made of softer metal, so as 
to receive the greater degree of wear. 

Kinds of Friction. The force tending 
to prevent the setting in motion of two bodies 
at rest is called tMic fricium^ and the resistance 
tending to arrest Uie motion of one body over 
another is HnHic friciian, A distinction is also 
drawn between rolling friction, as in the revolu- 
tion of a cart-wheel, and sliding friction, as in 
the motion of the same wheel going down hill 
with a skid on. It might be thou^t that the 
resistance between any two surfaces would be 
similar, whether they were at rest or in motion, 
but we shall see later On that this is not so. The 
word friction (Lat frieo — I rub), used in the 
statical sense, is scarcely exact, for there is no 
robbing until motion commenoes. 

How to Moaatiro FricUoii— Cooffl- 
oioot of Friotioo. The amount of static 
or kinetic friction between any two bodies 
may be measured by a simple expenment 
Buppose it is required to measure the frictional 
968 


resistance between the weight W ^99] 
surface A B along which it slides. The cord runs 
over a delicate pulley (C). and is attached to the 
scale pan. Weights (P) are g^ually added 
until W starts moving. The weight required to 
do this measures the friction between the 
surfaces; that is, P -- the frictional resistance. 
In this experiment W - 10 lb., and P - 4 lb. 
Thus the ratio between the friction and the 

weight — ” 10 fraction is called the 

coefficient of friction, and if W and A B were 
comiiosed of oak. then ^ or '4 would be spoken 

of as the coefficient of friction for oak on oak. 

The coefficient obtained in .this experiment 
should more correctly be termed, the static 
coefficient, liocause P measures the greatest 
frictional resistance the bodies are capable of 
offering to u sliding force when at rest. If the 
surface (A B) is sufficiently long, it will be found 
that a /fa# weight will lx* nocefwary to cause W to 
continue in uniform motion along A B if this 
sUiady motion is started with a slight push of 
the finger. In other words, static friction is 
greaU^r than kinetic friction. A horse which has 
a difficulty in starting a heavy load pulls it with 
comparative ease once it is in motion. Actual 
oxp- riraonl has shovm that the static coefficient 
of dry wood on dry wood is '50, but the kinetic 
coefficient is only '36 ; similarly, the coefficient 
of dry wood on metal is '60 at rest, but when iif 
motion. '42. If in this experiment the student 
substituted other substances and other surfaces, 
it would be found that a less weight or power 
would be required to start W in motion when the 
surfaces were smooth, and a greater power when 

p 

the surfaces were rough. Hence, the fraction-^ 

would become greater or less, according as the 
frictional resistance was greater or less. So we 
find that the coefficient of friction of wrought 
iron on oak is '62, but that of steel on glass is 1 1 ; 
of brick on brick '64 ; but polished marble on 
polished marble '16. 

Another and simpler method of finding both 
static and kinetic coefficients is shown in 106. 
W is the weight resting on a board (A B), One 
wd of the bcMird is very gradually raised until W 
slides down with uniform motion (for deter- 
mination of kinetic friction), or until the weight 
is just about to start movi^ by itself (for static 
friction). When these points have be^ arrived 
at, then the ratio between the bei^t and ba^ of 
the plane gives the coefficient of^Wetion. In 
the diagram the height is 8 and the base 80. 

g 

Therefore the ooeffioiecit » jjg 


Aagla of Friction. In the bust oxperi- 
ment tiie angle at A which the board makes 
with the horisontal surface A C is called the 
aa^ of fridHtm^ the oa^le of rtpoge, or the 
UmUing amgU of rttUkmce, As in the previous 
case, it will be found that this angle is lees when 
the board is so inclined as to permit of steady 
and uniform motion of W than when the weight 
is about to start moving. The angle of friction 
may be described, then, as the angle made by a 
plane with a horizontal surface at the moment 
when a body that is placed on the inclined 
plane begins to slide, llie amount of frictional 
resistance of any substance may thus bo con- 
sidered and stat/ra, either as regards its angle of 
friction or its coeflScient. GeneraUy, both these 
relations are stated. The following are interest- 
ing examples : 

Ang. 


Substances. 

Coeff. 

of frict. 

Oak on elm, fibres parallel 

of frict. Deg. 

Min. 

to motion 

•25 

14 

3 

Wrought iron on brass 

*17 

9 

39 

Steel on cast iron . . 

•20 

11 

19 

Brass on cast iron . . 

*22 

12 

25 

Hard on soft limestone 

•67 

33 

50 

Referring again to 106, the Htudent who has 


any knowledge of trigonometry will see that the 
8 BC' 

coefficient or — is the tangent of tht^ angle 


tangents. ^The coefficient of friction may there- 
fore be stated in diffen‘nt Mays, all having the 
same meaning. In 106 it is equivalent to 

height fric tion resi stance 

base normal pressure normal pressure 

or tan A. This ratio is frequently represented 
by the Greek letter fi. If, then, F frictional 

# F 

resistance, and R = normal pressure, = m, and 

R 

F= M B; t.e., if R l)e knomi and multiplied by 
the coefficient of friction obtaintd from a table, 
the amount of friction Ijctween the two IkkI ies 
may be determined. It will be noted that in 
the first experiment the coefficient of friction 
w'as stated as the ratio l)etween the friction and 
the weight, and that now nffrmal pressure is substi- 
tuted for this term. By the normal, or per- 
pendicular, pressure of a body is meant the 
amount of prtissure acting perpendicularly to 
the surface on which it rests, and though this 
would be synonymous with the weight in 106, 
it would not be so in 106. The perpendicular 
pressure of a locomotive on a level track would 
he equal to its weight, hut on a gradient the 
pressure acting perpendicularly to the rails 
would be leas than the weight, and would con- 
tinue to grow less as the slope increased. 

Lraws of Friction. Less than 80 years 
ago G^ieral Morin, of the French Army, dis- 
covered, after investigations lasting two or three 
3 i^ear 8 , certain funmimental laws governing 
friction. Thou^ more delicate apparatus and 
more extensive experiments have shown that 
the nmversal ap|dication of these laws fails, yet 


they are sufficiently oorrsot for all but extreme 
cases. 

1. Friction is independent of the extent of 
the surfaces in contact. 

2. The amount of friction is proportional to 
the pressure between the twro surfaces in (H>ntact. 

3. Friction is independent of the velocity 
with which one body moves over the other. 

For ordinary' pressures and velocities these 
laws are generally true, but are not correct for 
high velocities and extnmie pressures. As 
velocity increases, the coefficient actually de^ 
creases, and vice vemA. Experiments * with 
lubricated journals have shown that as the 
speed of rt'voluiion slowed down from 18 ft, 
per second to a stop the eot'fficienl of friction 
gradually increased. Tem]K*rature is also an 
important factor. Several other laws or con- 
ditions have also lieen dcdticcKl from exfHtriments. 

4. Statical friction, or the friction of rest, is 
greater than kinetic friction, the friction of 
motion. This was proved in the exwrimentii 
in the preceding paragraphs, and is illustrated 
w^hen a child slides its mother's flat-iron down 
the washing- board. 

5. Statical friction is increost'd after the two 
surfaces have been in contact some little time. 

ft. Rolling friction is less than sliding friction. 

7. In rolling friction the resistanw is pro- 
portional to the weight, and inversely prof>or- 
tional to the radius of the wheel. 

" in overcoming ' ‘ 

; or electricity. 

Friction of Liquids. The laws just 
siattxl for solids do not apply to liquids. In- 
vestigations have so far failed to discover a 
coefficient of friction such as that for dry sur- 
faces. Apjiarently, frictional resistance is pro- 
portional to the area of the surface of contact. 
At low velocities resistance is small, and probably 
= 8y)eed x area of gurfa<xi x a coefficient, hut at 
and above a certain critical speed the format ion 
of countcir currents increases resistance, so that 
speed in the alK>vo equation has to 1 k> squared. 
T^e resistance is largely independent of the 
material composing the solid body with which 
it is in contac't, and it is also independent of the 
pressure to which the fluid is subjwted. 

PRACTICAL APPLICATIONS 

The applications of the foregoing may divide 
themselves naturally under two heads- -tluit in 
which the endeavour is made to ulilisi* friction, 
and that where? the ohjwit sought is to reduese^ it 
as far as possible. Ea<?h, therefore, involves en- 
tirely opfxjsite sets of conditions, and each has 
an immense numljer of applications in pra<?tice, 

BraKea. Taking the first group named, we 
see friction utilised in brakes, in clutch con- 
nc<;tions, and in certain forms of gears for trans- 
mission of power. A common example of brake 
friction was illustrated in conmxjtion with tli© 
lever in the last article., llic coeffwnent of 
friction, combined writh the very large arc of 
contact between the brake strap and its band 
pulley is so hi^h that such brakes are capable of 
sustaining weights as high as 8 to 10 tons by 
their friction alone. This is regularly utilised 
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ill mum, la iMdi ibu turmmU of tibo oimiie 
mommmU k anudad hjr "*lovoniig with the 
bffake,*’ Thai meeae* of oomee, not that the 
brake does the lowering, bat tiiat the wei|^t of 
the load ie the agent, and the brake n^gulatee the 
rate of, and ohaoka, the deaoent at the ri^t 
iaetaai. Thiia,l07ah(nra abrake(A),adritm(a), 
and barrel eHbeol (C), all on the aamedbaft. The 
load ia hotated on B by the wheel C, actuated by 
a pinion, but it ia loweced by braking on A. 
What thia meana in economy of time and labour 
may not be apparent on nrat thooghta. But 
imagine, in a hand crane, the alow and fatiguina 
moyemeot of turning the winch handlea and 
alow aeara to lower a load. Or* in a power crane, 
cofudder the uaeleaa running and ratUing of geM 
in engagement by omnpariaon with the awift 
deaoent of the kaul hy ita own wei^t. Ihe 
band-brake ia uaed alao in winding and hoiating 
maohiiiery employed in minea for controlling the 
deaoent of oagea and akipa. In light meohaniama 
the aamo device ia employed to bring rapidly 
rotating parta to reat in order to save time or to 
avoid dimger. The moat familiar ia the cycle 
brake. 

Brakea need not make large area of contact aa 
the flexible banda do. There are many rigid 
alipper brakea uaed. operating on comparatively 
abort lengtha or area. When the turner preaaea 
hit handa upon the driving nulley of hia lathe 
to bring it rapidly to real, hia hand ia applied aa a 
friction brake. The big tramoara are arreated 
by alipper brakes preaaing upon the rails* 
Railway trains are brought to reat by the preaaure 
of wooaen or metallic brake* blocks preaaing on a 
small portion of the circumference of the wheels 
flOS], But there ii enormous preaaure behind 
them, produced by vacuum or atoam- preaaure 
agency. 

BwlUhammam. Fig. 100 shows a friction 
device that may be seen in bundreda of smithies 
to-day*~the drop hammer. Only the upper 
portion ia iiluatrated, aa with that alone we are 
concerned. The tup, or hammer head (A), 
which delivera the blows on forginga or dies, 
ta lifted by the frictional contact of the leather 
belt (B), around the smooth iron pulley wheel (C), 
rotated constantly bv shafting. The workman 
puts on the friction by pulling at the free end 
of the belt and letting it go when the tup has been 
auffioiently raised. Aa long as he keeps his 
hand on the belt, the latter makes contact 
round an arc of 180^ with the revolving pulley, 
and the latter lifts the belt and ita tup by 
friction. The illuatration ahowa the tup at its 
full height On releasing hia hand the tup fiJls 
instantly, and so he adjuata the height for such 
blows aa the work re<]uirea — light or heavy, 
alow or rapid— *by simply and 'inaUnoUvely 
vaiTing the pull oi the hand and thence the 
irioUon of the belt 

Clutnhwa. An immense group of friction 
meohaniama are the olutohea, by means of which 
rapid ootmeotlOQ and disconnection is made 
betwem moving parta of meohantam. A vh<^ 
line of shop-Aiafting driving to num^ous 
machines can be aet rotating hy the move* 
ment throoi^ a lever or hand sdieel of a 
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comparatively tiny chitoh, making coaneotai 
between it and the source of power, engine or 
deetrio motor. It can he inatanUy diacoimected 
throwing out the chitdi. Fnotioa alone is 
the agency fay sdiioh the powerful engaMment 
is made. mechanism is of hif^ value not 
only on account of ita efllclenoy, hut alM> he eauee 
of ita rapid character. Should an accident 
occur, it » not necessary to aU^ the engine, 
which takes some time, but simply to dia* 
connect the clutch. In hoiating* machinery 
the same mechanism ia frequently employed 
for throwing the different motions Into and 
out of action. You do not atop the engine or 
electric motor, but throw the clutch m and 
out, so making and breaking connection with 
the various motkma. 


Further, the clutch arrangwenta are so 
designed that reveraals of motion are effected 
without alteii^ the direction of motion of 
the engines. The same design occurs over 
and over again in many groups of machines 
and machine tools. It comprises simply [110] 
a douhle*clntoh (A), slidi^ and moved by 
means of a lever to right or left to engage with 
corresponding reverse clutches (B C), cast with 
bevel wheels, both of which engage with one 
crown wheel (D), so that the abaft rotating in one 
direction ia made always to turn the crown 
wheel and its shaft in either one of two directions, 
according aa the clutch is slid to right or left. 
These cone dutches, as they are termed, are 
uaed for both light and heavy machinery. 
Given sufficient frictional area, which is obtains 
by increasing the diameter and width, they are 
capable of sustaining the heaviest loads that are 
ever required to be operated. 


Cone friction is also employed on many 
machine tools for the puipoee of starting and 
maintaining movements ox parta. It is in the 
form of the cone clutch (friction feed) [111 and^ 
1181. No great effort ia required cm the part 
of the attendant, but the simple tumixig of a 
cross handle [111] or a knob [112] puts it m and 
out of engagement In 111 the pinion (A), nor* 
mally xiinning loosely on its shaft (B) is tightened 
thereon by pressure against the coned neck, 
and then diivos, or is driven, by the wheel with 
which it is in mesh. In 1 12 the cones are of large 
sixe, drawn in by the knob and screw to travexae 
a lathe carriage through spur and bevel gears 
and rack (not shown). Fig. 118 represents 
a cone coupling for shafts. It is often made 
with two reverse cones. The cone is tightened 
round the shaft ends by friction grip oDtained 
by drawing the ^lit cone (A) along its sleeve (B,) 
W the bolta (C), which are thm in number. 
There is not much range in Uie useful aog^ 
for projw frictional grip in the foregoing figures. 
If too high an an^ ia given, slip wifi oocor ; 
if too low, seising ^ parts. In other words, 
the dutch aurfaoea will stick togethen* so that 
they cannot be separated. The drawings are 
to scale from actual mechaoiams. The spaces 
in oontaot are turned to templet, to make a 
perfect fit No lubricant must come between 
them. Iron and iron are generally uaed m 
contact. Sled la not sayslactoiy, being Hable 
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to ieize, and aa ateel m often oaed for olatohea, 
one is then properly lined with copper, which 
gripe well with ite fellow of eteel without eeizing. 

Coll Clutchea. A eucccmful device for 
doing away with the rigidity of tlie common 
cone clutch in the coil clutch [118a] of the Con- 
eolklated Kngineering C’o., Ltd., of Slough. It 
euhetituU^ an claatie frictional medium (the 
coil A), which, Ixring forced endwitte, contractu 
and gripH the inner cone. The coning in very Kmal! 
in amount. It in instant in action, and requirea 
little f>owcr to hold it in place. It amounta 
practically to a aplit cone, to which, however, 
it ia jircfcrable. l*ctfcr prtM>f of the cfhcicncy 
of th<»fK? can Ik* given than the fact that they are 
in aome cnm'n uaed ft>r tranaraitting aa high aa 
l,50()-horae j)Ower. Pri*aHure ia brought to lK*ar 
on the ef)i! by any c'onveriient meana, aa by the 
hand wh(?cb nerew, and levers in the illuatration. 

Hut a friction clutch need not 1 h? coned. 
It may have Hat fat'ea, aa in the VVeaton clutch 
[114] and modiHrationa of it. Here diaea of 
hart! wo(k 1 (A) tia originally uaed are preaatd into 
eloae frictional contact over their entire aurfact«, 
and the grin ia ('normoua. At preaent diaea of 
attK;! and nroim* have been Hu)iHtituU*tl for 
wood, aa they are more <lural»le 

Sellers* Discs. Another form of friction 
drive ukchI to a large extent for nearly twenty- 
fiv<^ yearn paal ia the iSellera’ diaea [115]. Two 
diat^ (A A), having a alight capacity for adjuat- 
ment townrda and n way from each other, cm brace, 
or arc n'lenaed fn ru oontiu't with other diaea 
(H and ( ') by a carefully graduatt'd apring preaaure 
acting on tiu* globular lawa at'utinga of A A. 
Motion ia thua tranamitted from the* ttK>th(*d 
gear adjacent, to H. through A A to (\ by the 
aiinple frictional contact of the diaea, and the 
lathe fml ia thus lu’tuated. Thia device, of 
courac, alao cmlKMlica provision, though not 
ahown. for varying the rab'a of revolution 
lM*tween the driver (H), and the driven (C). A 
lover movw the centres of A A horizontally 
in ndation to li and C, and thus produces en- 
gagem 'nt iK'twtK'n the diaea at varying radii, 
with eonaet|uent vurying rat<*H of relative ajH'cd, 
ainee tlu* diaea A A aro capable of gripping 
B at any radius. 'Fhere ia another common 
device— the Iniwl feed [116], in which a smoolh- 
faetKi wluH‘1 (A) (the l>owl) ia driven by contact 
with the flat face of a diac (H) at varying rates. 
The variation ia produced by altering the radius 
at which the makee contact. 

Expanding Clutches. In another 
common form of transmitting-meobanism the 
friction ia that of plain cylindrical surfaces. 
As these cannot he slid into and out of engage- 
ment like the coned form, the inner ring(A)[117] 
is divided in the radial direction, to render it 
clastic (an expanding clutch), and a wedge (B) 
is uschI to force it ofien sufficiently to make 
frictional contact with the outer casing. The 
wedge is actuated by a kev(C), tlirust along by 
a cone (D), also an exam[ue of wedge friction. 
Clu tehee of this general type in various modi- 
fications are used in hoisting-machinery, and 
in capstan lathes for the rapid throwing in and 
out of the back gesis. 

962 


Expanding cluteh rings Are operated in various 
ways, one sucoeesful type, Heywood & Bridge’s, 
being shown in 118. hie ri^ (A) in halves is 
thrust outwards to make frictional contact with 
the outer solid ring by sliding the clutch boss (B) 
on its shaft, and with it the toggle levers (0). 
The action is to turn screw's of quick pitch on 
the pins (a a), which force the half rings outwards 
away from each other simultaneously. The 
hand wheel (D) is the means by w'hich the move- 
ments are effected, but this is a variable element, 
w'hich differs in the numerous applications of 
the essential clutch moebanisms. 

Friction Gears. A fair amount of gear- 
ing is ntade without teeth or cogs. Fig. 119 
shows bevel whwls w'ith smooth fac’es, and spur 
wheels are made similarly. They drive and are 
driven by frictional contact alone. 

In another way friction is often utilised for 
the transmission of power, in the wedge gearing 
[120]. \\'h(H.*l8 transmit power by interlocking 

truncated wedge stK‘tions instead of by spur 
t<*t‘th. The advantage is that of very smooth 
running. In other words the friction is all 
uses! for driving, and none is wasted, as in toothed 
gears. Instant eonn«‘etion and dis^^-onnection 
can be made. Unfortunately, this method of 
driving is not powerful enough for heav'y loads, 
and its use is, therefort*, restricted to light 
lioistB. 

Shafting Bearings. In the early j»art 
of this chapter the law' was H(aU*a that 
fri<*tion was indepi*ndent of the extent of sur- 
faces ill contact. Now% that fact is coastantly 
receiving application in the bearings of shafting. 
Formerly shaft la^arings v\ere short, from one 
and a quarter to oiu* and a half times their 
diameter, and much trouble arose in conflequenee, 
due to tlieir rapid wear and seizing. Xow 
their length is made from twice to three times 
the diameter or more [121], w'ith resulting Ie.g.sen- 
ing of friction ]x*r unit area, and greatly enhancvtl 
durability. Alf>n*ovcr, the higher the speeds at 
W'hich machinery is run, the greater is the 
advantage of increased bearing length for the 
shafting. This is seen, among other examples, 
in the shaft bt*Hrings of Vilowers and fans, of 
cirt'ular saws, of moulding cutters, and of 
grinding machines, where it is common to find 
bearings from three to four times longer than 
their diameters. 

Lessening of wreight on hearings, with the 
object of reducing the intensity of friction, is 
studied. Thus, shafting of steel is substituted 
for that of iron, because steel may be of smaller 
diameter and of equal strength and stiffness 
with iron. Pulleys are made of steel instead 
of cast iron with the same object. 

Belting. The friction of driving belts is 
the iinportaut factor in their application. Belts 
slip if the resistance of their work overcomes 
their friction. To increase friction as much as 
possible is the reason why horizontal are pre- 
ferred to vertical drives, whv a long drive is 
better than a short one, and why pulleys are 
fleeted, when possible, not greatly dissimilar 
in size. It is a question of amount of arc of 
contact. A horizontal drive is better than a 
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vertical one. bocauiic the belt sa^ and ao liea 
better round ita pulley on the driving aide. In 
a vertical drive tnere ia no sag. A long drive ia 
better than a abort one. l^auae the aag ie 
greater. Uaing pulleya reaaonably alike in 
regard to ai>ie, the Ijelt makea contact round, 
approx tinalcly. half the circumference, or 180® 
of arc, but with very large and verv small 
pullcya it makca muen than 180*^ of are 
rrmnd the small one, and the l)elt inevitably 
alipa, an evil whi<?h is increased when the 
pulleys are nearer together, or with a vertical 
drive. 

Out of this great fa^-t of friction comes the 
imp^>iiant jirobU?m of t he eflficiency of raachinory. 
We have mentioned that in some cascb half, or 
more than half, tlie |>ow<*r put into niechanisrn 
is lost in friction. If a ma<'hine sintains such 
loss, its efficiency is only fiO p<*r cent., and, 
t<H.*hnirally, that is its modulus. This is 
generally asc<*rtainwi by moans of a brake 
dynamometer, in whicli the absorption is 
meaau red d i ref.* t ly . 

Rope Friction. The value of friction 
is st»en in the coiling of a rope round a l>ar for 
the purpose of paying out or drawing in, apjdied 
in many lal)oriouH tasks The lal>ourer employs 
it in lowering heavy wine and l>eer casks into 
underground cellars, the wcK)dmnn in felling 
trees. A on>whar is driven firmly into tie* 
ground at a (‘onsiderable aijgle to prevent the 
rojH^ fn)m slipping off in the vortical din.*ction. 
If a cask is In'ing lowcTod, the rope is payed out 
in easy stages, and din'ctly the weight l)egintt 
to overhaul, the rope is pulled round to make 
a larger amount of contfict with thel»ar, and so 
the cask doHC(*nds safely in a suf*ces8ion of stages. 

In the w*ork of tretv felling there comes a 
critical [M»riod wdinn the trcsi approaches a state 
of unstable oquilihrium. Tliat hapi>ens when 
the wockI lias U^en choppcxl away on tlie side 
in the dinM*1ion in which it is intended that 
the tree shall fall, and sawn nearly througli on 
tlie side opposite. Then several men jmll on 
the mpe* atlachc*d to the uppi'r part (d the tren^ 
at one end, and pasmsl rf)und a single slicavt* 
pulley at the other, firmly attached to a bar 
driv»*n into the gnmml. and another man 
tighUms the frto end of the ro}a» by coiling it 
once or twice round a Iwr. also driven into the 
ground. The tree bends, but is still so rigid 
that it would o%’errome the stnmgth of the men 
unless the rope were made fa.st. 1'he woodman 
plies the axe again and the men pull, another 
1*011 is made, and so on until the tn?e is lamt 


over sufficiently to bring its trank weD ontside 
its centre of gravity, when its weight ruptures 
the n^maining Hbres, and it falls with a crash. 

In another way rope friction is utilised, in 
the warping- cones on wharves and dock sides 
and on shipyard. The coil of a rope twice or 
thrice round the body of a capstan is suffictent to 
bring the biggest vc^ls to rest, or to regulate 
their casting off from their moorings into the 
stream. 

Rolling Friction. We now look briefly 
at the other aspect of friction, that in 
w'hieh the endeavour is made to get rid of it as 
an undesirable thing. With regard to the two 
kimls of friction, that of sliding, which has lieen 
discussed, and rolling, the distinction is a most 
vital one. Imagine for a moment what would 
happen if a brake strap and its wdieels were 
thoroughly greased or oiled with such a sensible 
thickness of lubricant that the brake and wheel 
could not come into actual contact. I^aoh 
particle of grease or oil would be a tiny globule 
rolling l)etw'w*n the surface and preventing 
contact. Substitute for oil an infinite numl)er 
of minute steel balls — the elTeet would be the 
same, to prevent the surfaces from gripping at 
all. That would lie rolling friction, sulmtituted 
for the sliding friction of the hand and wheel. 
Hence, if tw'o surfaces can l)e separated by 
a rolling object, the friction which absorlw 
Kiwer is nearly eliminated. The ball and roller 
learlng.s, now so common, embody rolling 
friction, and are, therefore, to a great extent, 
friction less, .lust in prop(.)rtion as point or 
lino contact iu those is sul^stituted for surface 
contact in the other class of mechanism is the 
frictionlcss id«.nl realised. Here difficulties 
of manufa<*turing come in. and also the difficulty 
of perinammce, IxH'aiise in propi.>rtjon as wear 
dcv^'lops does the ideal become defeated, 
'rin'se things wdll bo found treated under MAcny^E 
Dkskin. but it is necessary to draw attention 
to them hert*. 

The difference l)elwe<m rolling add sliding 
friction is illustrated in 122 and 128. A ball or 
roller will run down a slope of 1 in [122], 
but a block of j>olishea metal [128 J, will 
rcnpiire an angle of 1 in 14 at least to slide down. 

Fig. 124 shows a common device in w hich the 
axle of a troadle lathe nins between three 
anti-friction rollers with great ease of movement. 
Fig. 128 is a roller bearing, and 126, 127 ball 
tiearings of two types, 126 ^ing for a revolving 
shaft* the equivalent of a journal, and 127 being 
one to take up end thrust. 
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B/ ERNEST 

'THE lecords of the Patent Oflfice of this 
* country, like those of America, show that 
talent often goes unrewarded in our o^ti day, as 
it did in times w'hich are gone. Between abstract 
science and invention there is this differcmoe : 
that in the former, one man's discovery may at 
once be turned to the advantage of the whole 
community ; in invention, a sound idea may lie 
dormant tor years. Its oiiginator. perchance, 
baa patented it, but has not tlie means himself 
to dievelop it, and cannot find the man with 
capital neewsary to finance him. This unfortu- 
nate condition has a two-edged effect : it 
prevents the original inventor from reaping his 
harvest, and it acts as a barrier in the way of 
another man who has a somewhat siniiliar 
scheme, with which he would lx* able HUCc<*Kh^ully 
to proceed had not the hopeless man, who has 
anticipated him at the Patent Offi<*e, first 
registered some of the ideas vital to tlie whole 
projt»ct. 

Handicapping Industry. How serious 
may be the oflccis of a position such tis 
this was showm by the exp. lienee of l^)rd 
Armstrong, the founder of the great Elswick 
works. He, with Brunei, prepared to give etfect 
to a plan for the coiling of wire about the inner 
barrel of his heavy guns. It was one of his 
earliest ideas, but one which he had permitUxi 
to remain in abeyance what time more pressing 
schemes were carried through. When, how'evor, 
he came to develop this idea which had lain so 
lon% in his brain, he found that the discovery had 
already been patented. This was a very serious 
set-back. •The patentees were unable success- 
fully to cany out the idea which they had 
registered ; it was of no use to them, but it 
stopped the progress of Armstrong along tliat 
path. All that he could do was to lay aside his 
idea for the years which the patent still had to 
run. Then he was free to give effect to his 
project, and highly important results were in 
consequence attained. 

The pity is that invention and industry may 
^ hampered in this manner. Many a valuable 
idea has been permitted to escape ny men who 
could not afford the risk of litigation which its 
patenting might involve, or who would not face 
t^ worry and annoyance incidental to such 
dispute. The crank, tyjretting his wild ideas 
set out at the Patent Office, may bar out the 
practicid man . It is a fortunate circumstance 
that this vexatious |nrocedure has not a wider 
application, or we should to-day be restricted to 
one form of telenlume ; to ope system of wireless 
telegraphy, ana be,.told — m was a pioneer in 
oleotoio telegrapl)y,l the semaphore was the 
method of oo|iHBUPicatkm — that there is no 
terthm need ol dexelopmnt in these dinotioiia. 


A. BRYANT 

Undirected Genius Runs to Waste 

Another aspwt of the cane, which will apjH'al 
more to the young man of inventive mind, is the 
la('k of proper dirt'ction for genius. Men of un- 
doubttxi creative ability fritter away their lives 
on fanciful schemes, believing their j)oor getw^ to 
l)e all rt'splendent swans. Thow* sami' men, 
guided aright, might produce W'ork of rt'al value 
to the c(>mmunity. How' many men of skill have 
wast<*<i hours and money trifling with machinery 
which they fiH‘l oerlain will solve thi' problem (>f 
perpetual motion! Wonderfully ingenious are 
some of their eontrivanees, and often eapahh* 
of extension in direct ions ejuite dilTerent from 
th(»se which their enNvtors eon t4*in plated. But, 
from the machine for perpetual motion, as such, 
no man is a j> ‘nny the richer nor one whit the 
happier. Apjilual to si'rious serviei' tht> talents 
thus w'ostcd might luld to tlie eomnion stuck of 
useful inventions 

We have alriNuly considered a numlK^r 
of idi'os to w’luch pot^uitial inventors might 
profitably apply themselves. Obvious ms^ds, 
like obvious oppnrtunitiirs, are mostly over- 
looked. Thi^ eommonjilaei^ invention hiw no 
attraction for the man of mechanical ingenuity. 
Yet, as has been sliowii, some of the simjileMt 
devices are those winch yield fortunes to their 
makers, and greab'sl advantagi? to those to 
whom they are sold. Sewing machines were 
not perfected in the day of Hood, or the “ Song 
of the Shirt ” might never have Ixxm written. 
Many years, however, have elapwKl since they 
attained to what we are now bidden to regard 
as approximate perfection. Yet the poorest, 
most unimaginative seamstress could [>oint out 
a glaring defect w'hich apparently has eH(‘a{Mid 
the notice of successive generations of inventors. 

What the Sewing Machine Lacks. 
The great defect of the hand-machine, and, in 
a lesser dt^CTiHj, of the machine worked by the 
treadle, is that the spool contains an insufficiency 
of cotton. RepeaU^ly the worker has to cease 
stitching, remove her work, take out the sprK)l 
and refill it with thread. Fur the upper part of 
tlie stitch, the necslle is fed from a reef u{Km 
which may lie two or three hundreds of 
yards. What the H<;aniBtresH needs is a like 
accommodation from the spool. Either this 
latter should be larger, or it should be possible 
to slip in a reel of thread below the place at 
present occupied by the spool and shuttle, and 
work directly from that. The sewing machine 
can at present bo made to practically every 
stitch iKmslble in hand -sewing ; can work elabo- 
rate pattei ns, floral designs, and what not, but 
so far the question of an adequate supply of 
cotton for the spool has been beyond the 
capacity of the inventor. The camera fitted 
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with filnui giveft the idea for thin matter of cotton 
for the »ewing machim — and of ribbon for the 
typewriter. When all the hlnw on a aheet have 
been expofwjd, the lot in wound up and taken 
out, and a new roll KubatituU^d. The aame 
ijcheme ahould Ixi practicable with a reel of 
cotton or a aj>oo1 of inked ribbon. 

An Enemy of ManKInd. Given a 
definite objective, men W'ith ability to conquer 
difficulticM w'ill work. Such gigantic problemn 
aH the cure of connumption, cancer, and leproey, 
engage the minda of many of the greateat men 
of the age. One by one, fevern and kindrexi 
ilia are rendered H'lbject to their Hkill. Jlut 
there are lenaer problemB for Holution by leB»er 
men. While the preaent courne waa in pre- 
paration - in HH).’’) — the Havanta of i*ariB 
Houndtxi a warning agaiuHt that filthy pent 
— Uie coinmfm Hy. 

Thin inHcct, it han long Ixjen known, carrioa 
corruption and duB^uie wherever it goea. To the 
manycounta in th(5 indictment againni the fly in 
addtxi till" charge of diHHcminating cholera, by 
w hose ravagcH Kurojie, in HK)r),w'a8 again alarmed. 
The horrors perjX'traUxi by the fly cannot Iw 
commonly known, or the pest would not lie 
toleral4‘d year afbT year in every home in the 
land, in every place where foral for human lieings 
is kept. Nor can it be kn(*w’n wdiat a foe to the 
sick tlio fly can prove. 

It has iKM'ii demonstrated that the common 
hlow'fly w'ill deposit its grulm in the mouth or 
nostril of a prostrate invalid ; that those grul»s 
will eat their way into the brain of Uioir victim, 
and drive him or her miwi. If there were a 
plague of flies in ('hina or TiUd. we should send 
out funds for their extinction, but, becaust* they 
swarm in our midst, we regard them os a matter 
of course. l\Thap8 it may Iw an incentive to 
ingenious sanitarians if they l»c reminded that r 
P aris newspaper -the “ Mstin ’’--has offered a 
prize of £4tKl to the discoverer of tlu' best method 
of destroying this dangerous parasite. 

Commercial Poaaibilitiea of the Rat. 
Another plague by' which we are more or less 
scourged is the rat. Its dt'prtnlat ions represent 
a vast sum each year to merchanta and dock 
companies, to say' nothing of less considered 
operations in the shops and warehouses of our 
large towns. Moreover, like the fly, it has be<*n 
proved to carry' disease ; it carried bubonic 
plague to (vlasgow'. Hats have been known to 
gnaw' the corpses of pi^rsons who have died from 
inftH'tious disease, and then to escape in freedom 
to spreatl coiTU}>tion. Also, they have been 
found to cause the death of children, biting 
their flesh os the little ones sU'pt, until they 
pierced an artery. The rat has apologists only 
in tlio*w‘ w'ho regard him as a useful scavenger. 
But our sanitary authorities are not so inefficient 
08 to need the assistance of these vermin. 
Perhaps, if the commercial possibilities of the 
rat W'cre recognisiHi, there might be greater hope 
of his numl)ers being diminished. 

The attempt was nx>ently made to popu- 
larise the use of moleskin as a fur for ladies. 
Now, the mole is useful in the ^treme to the 
farmer, who, although comyblled occasion aUy 
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in self-defence to thin out the numbers of his 
subterranean ally, could not wholly dispense 
writh his services. The skin of the rat has 
decidedly a market value. Buckland mentions 
the importation of ratskins from France for 
glove-making, but adds that his information 
was that the skins w'cre too delicate except for 
the finest w'car. On the other hand, he mentions 
slippers made from ratskins w'hich were hand- 
some, durable, and comfortable. The pelt of a 
grain-fcMi rat should make as good a covering 
for feet and hands as many other mysterious 
materials now* sold as kid. There is no waste 
in the modern manufactory, and the maker of 
gloves would Ijc hard set for ideas if he could not 
turn the hide of the rat to good account. Rat- 
skin by another name would be w'ell enough, 
just as dog-fish sold in the shop.s of the poorer 
neigh Ijourhoods has a vogue under another 
denomination. In some parts of the world, by 
the way, the rat is a food -staple. It is not 
jiopular as diet here. Neither, for that matter. 
18 the snail, although South Down mutton owes 
its jH^ouliar richness and nutritive qualities to 
the number of tiny snails eaten by the sheep 
w. h the grass in wliich these small molluscs in 
myriads make their home. 

A King** Prizem. These art^ not schemes 
siTiously to engage the time of many, though 
the man who can rid us of such plagues as the 
disease-spreading Hit s and rats w ill destTve well 
of his fellow's. More important to Uiose for 
whom this section of the Ski.f-kdvcator is 
designed are such measures as are contemplated 
in connection with the Milan Exhibition of 11K)6. 
The King of Italy himself offers £1,600 in prizes 
to exhibitors wlio comply with the conditions 
which lie lays d >wii. 

The first prize consists of £200 for the best 
automatic safety coujilings for railway rolling- 
stock. This is a phase of work which has long 
baffled the railw'ay engineer. For many years 
past railway servants have liecm agitating for 
the introduction of such appliances as shall 
enable tht‘m to cany' on shunting operations 
with less risk to life and limb than is now 
inevitable. Careful as are our great companies, 
the list of casualties each year among the many 
engaged in handling freight traffic at the great 
depots is grievously beav’y. The man who can 
invent the requir^ apparatus will not only 
rt^alise a fortune ; he w ill be canonised by the 
men to whom, by his invention, ho ensures 
longer life and relative immunity from accident. 

A sum of £200 is offered for the best method 
of testing high-voltage electric currents without 
danger to the operator. Investigations in this 
field may reveal secrets not yet learned by the 
electrician. The specific want expressed by 
the King of Italy is sufficiently serious to 
warrant the investigation necessary. Perhaps 
the man who discovers the safe and certain way 
of testing high-voltage currents may also be able 
to point the way automaticidly to “ deaden ’* a 
live wire fallen from its place. With the 
increase of electric trams in tiiis country, the live 
wire beoomes more and more a peril in everyday 
life. Our accident list is happily less heavy 



than that which America ha« yearly to mourn. 
It ought not to happen that if a live wire fall* a 
human being or animal coming in contact with 
it must almost inevitably be electrocuted. 

A Jtetter House to Live in. The two 
largest prizee offered by the King of Italy are 
of £400 each — one for the best and most original 
exhibit of machinery or manufacturing process, 
a competition of boundless horizon ; the other is 
for the best type of popular dwelli^ adapted 
to the climate of Northern Italy. TKis latter 
appeals, of course, more specially to the Italian 
architect. It is suggestive, none the Iffsa, of an 
interest in tlio affairs of the people which might 
with advantage be copied in other parts of 
Europe. The lioiising problem must f)o faced 
sooner or later in this country ; perhaps the 
example of the King of Italy may inspire our 
Local GoviTnment Board to similar enterprise. 

1 1 is paying British architects too poor a compli- 
ment to imagine that the wretched hovels of our 
present-day mean streets are the best that they 
can furnish. Of equal domestic intert'st is the 
£*2(K) prize competition f(^r the best established 
method of distributing healUiy and pure milk 
in centres of population. In England it would 
seem as if punishment of detected offence — 
not prevention — is to l)e solely relied upon. 
What the individual consumer wants is a cheap 
instruraont which will tell liim the composition 
6f the milk sold to him os pure. If the poor 
housewife were able to detect the presence of 
added \^ater and boracic acid in the milk for 
which she pays her hard-earned pence, there 
would 1 m 3 less deleterious fluid given to odd to 
the inherent weakness of infant^ 

Navigation of the Future. Motor-lioats 
are the subject of a £200 prize. In this 
direction England has given the lead to the 
n*8t of Europe, But the industry is as yet 
in^ its earliest infancy. A turbine steamer 
made the passage from Dover to (’alais in 
11»05 in fifty -one minutes ; when the manu- 
facture ot motor-boats is taken seriously in 
hand by the shipbuilder we may get stout, 
cUqwndahle l>oats which will carry us across in 
half an hour. For inland navigation, as well 
as for sea-going, there is a great future for 
mechanically driven craft. If our canals are 
to lx? developed as they should bo, the old horsed 
barge will Ixave to give way to faster carriers. It 
would not even now be impossible to build the 
kind of craft capable of carrying the requisite 
load at the speed desired. An important con- 
sideration, however, is the “ wash*’ caused by 
such craft. There may be more of fancy than 
reality in the objections raised. Scotland, when 
she saw her first steamer, w’as afraid that all 
the banks of her inland waterwayTj would be 
damaged beyond repair by the new-comer. Still 
Scotland stands where she did. 


Telephones at a Penny a Weeh. 

One point of interest to inventors is omitted 
from the Milan ExKiliit ion's prosiH'otus of 
prizes. The king's list dfH's not include 
telegraphy or telephony. British inventors, 
remcmU'ring that Mr. Graham Bell, one of the 
earliest pionet^rs in telephony, is their country- 
man. have still to hasten with all their energies 
if they are to maintain a place in the race for 
patronage in rt^gord to this science. Wo want 
instruments which will record messages witliout 
the subscriliers Iicing present pt'rsonally to 
receive them — messages which can ho repeated 
at will. American inventors are working 
towards the perfecting of such a machine. 
They promise, too, so to cheapen the whole 
process that before long companies will be able 
profitably to operate the telephone at a cost of 
only five sbillmgs a year to eocli sulmoribor. 
England will, of course, gain from any now 
inventions in (he United Slates — by paying for 
them. It is full time, howevi^r, that eh^etrioians 
in this country made their names heard again 
in this vast, profitable, and fascinatingly 
interesting tii'ld. Tlie late Postmaster-fjeneral 
declared tJiat practically the limit has already 
l)<‘en reached in long-distance telephoning. 
The inventor is under obligation to remove that 
disability. 

A Now Kind of Paper. Another industry 
to which the Milan Exhibition may give a stimulus 
is paper-making. For a certain class of paper, 
Italy is our only rival, 'J'his make has IxHm called 
forth by special eiri iinistanf?e8. Climatic condi- 
tions necessitate R])(‘eial measures in regard to the 
burial of the dead, and they have had to fashion 
a ])aper spocially for post morU’m wrappings. 
The pajK»r for which British manufacturers are 
seeking, and seem at last on the way to find, is 
one of a somewhat similar character. The 
*‘life” of good papier in a library lMX>k is very 
long. 'Jlie same pajxsr plao(*d underground is 
much shorter. The fermenting substances in the 
earth destroy it. 

Vast quant it i<‘s of paper are required by 
Government and by private lirms for electric 
imtallations underground. It is an excellent 
non-conductor of (‘leetricity so long as it remains 
dry. When it becomes moist, however, its 
value as a non-conductor vanishes. \^at 
manufacturers are ser?king, therefore, is a paper 
which will resist damp as resolutely as does 
indiarubbor. A so<irot process is alrerwly under 
trial, but success is not yet announceef. The 
industrial possibilitios of such paper are not 
exhausted by its application to electric cables; 
shopkeepers m^ed a good i hcmp f>u[>er of this 
description. Tlio fishmongers would 1 h? glad to 
do away with the basket if they ha<i thi? chance. 
They are awaiting the advent of the moisture- 
proof paper. 
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EVENING DRESS 

Yokes end Kilted Frills. Evenmg Gowns and Cloaks. 
Some Hints about Unlined Skirts. Paper Patterns 
I 

Bt azeline lewis 


the present moment tranaparent inser- 
tions and fancy designs of lact% embroidery, 
and medallions of fine tucking inserted with 
faggoting, are the beading features of dress- 
making, particularly in the dainty and beautiful 
varieties of the ubiquitous blouse. All these 
require good work, much care, and deftness 
not to stretc^h the material, and in neatening 
the edges that are cut away l)eneath the inserted 
fjortion. 

If the design is curved or intricate, or any- 
thing is inserted separately, and the material 
a thin or flimsy one, tack it in position, sow 
carefully all round the edges, and cut away the 
material on the wrong side, following the shape 
of the insertion, and neaten round the edges. 

Fancy Yokes. For those, lace, narrow 
ribbon, velvet, or crossway folds may bo 
arranged in any design and united by faggoting, 
or variations of this. If crossway strips bo used, 
thesci should be from a to } in. wide when 
made up. for w'liich it will bo necessary to cut 
the inatiTial } in. or more in width, to allow for 
g(x>d turnings. Join carefully, op<m and prtms 
seams, snip s(dv<Miges, and fold down the rages 
on each side; then put the two turncii-in edges 
to face, and tack closely on the right side — 
l»o careful it doc'S not get twisted— then tack 
in the |K»»ition r(X(uired Indore working. 

As to fancy nock -bands and cuffs, the variety 
of these is infinite ; and plain and tucked silk, 
mU laoe, or chiffon, strips of lace, ribbon, or 
crfMwway folds, united by faggot stitching, and 
many other things enter into their composition. 
Some of the collars are quite straight, others 
like our drafting, this biding a matter of taste. 
For such a neck- band, the edges and ends need 
only be hemmed, and the fastenings may be 
either silk loops and tiny buttons or hooks and 
loops, both iKMng, of counk% quite small. If 
stiffenings are noixled, they should bo narrcjw 
silk -covered bones of the depth of the collar, 
one for the back, and one on each side. For a 
transparent oullar, a lining of chiffon is a great 
improvement. 

The cuffs must be made to the shape of the 
lower port of the sleeve. If remiired to fit 
cloaely, the opening should be onty just long 
enou^ to allow the hand to slip through, and 
be neatened by a hem or narrow bind of the 
material, so as to show as little as possible. 

If stiff cuffs, collars, and revers be required, 
these must be made upon leno, stiff muslin, or 
canvas, and arranged on this in the same way 
as the skirt facing, unless the edge be corded. 
If the inside is likely to show, the cuff must be 
faced with silk or sarocnet 
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Kilted end Box • Fleeted Frille. 

Kilted, or knife-pleated frills, are now generally 
done machine, but if they are to be worked by 
hand, the top edge of the strip should be turned 
in, each pleat being small, and touching the last 
one. Tack the pleats down, being careful to 
keep them quite straight and to the folds, and 
then press on the wrong side. 

For a box-pleat, make a fold to right and left 
of the required width, this varying, of course, 
with the material and depth of fiounoe. For 
the double variety, two pleats are made, one 
over the other, to right and left, which shonld 
bo tacked down carefully. If deep, and the 
material is rather stiff, several rows of tacking 
may be required to keep them in position ; 
then press on the wrong side. 

Ruchings are made in the same way as box- 
pleatings, and either single, double, or treble, 
according to the material and purpose for which 
they are required. The sewing, however, is 
done in the middle, and not at the top, aa in 
box-pleatings, and no pressing is required. 
For chiffon, or soft materials, the pleating should 
be as close and full as possible. 

Evening Gowns. Fashion changes so 
frequently as regards evening gowns, that it is 
not possible to do more than give the worker a 
few broad hints. For the styles she will be able 
to study the various fashion papers. Dres^ 
of a light and delicate nature should never be 
attempted till the worker is an adept at the 
machine, and is able to make all kind! of cross- 
way trimmings, pipings, folds, frills, ruchings, 
flounces, run-on ribbons, insertion, lace ; and 
put on all these thin^ without injuring the 
fresh look of the material. The delicate fabrics 
employed for evening and smart summer wear 
want a light, quick, and sure manipulation to 
maintain the dainty freshness which should be 
their first charm. All dresses of a light and 
delicate texture should be finished as quickly 
as possible, and very great care should be taken 
to see they do not get soiled. 

A washing overall should be worn, or a long 
apron and washing sleeves, whilst the hands 
should be kept scrupulously clean, and as coo] 
as possible. To see Uiat the machine is p^ectly 
clean, try it on a strip of material before 
touching the garment, so that no unexpected 
spot of oil or dirt shall got to the needle, and 
80 on to the fabric. Be veiy careful with the 
iron and the ironing-board and blanket, and 
spread a cloth or &eet on the floor when 
working upon or ttyms on the aldrt. One 
or two of the latter ahoold form part of dresq- 
maker’s outfit. 


Taok stoipe of mnslin to the skirt edge aa 
soon as finished, and also to any other comers 
and edges as socm as possible after finishing, 
and anywhere else that is likely to catch and 
get soIIm If the material, however, be soft 
and croshable Uiis cannot he done, or, at any 
rate, it will require much care. But it should be 
remembered that all frills and ruchings and 
ornamentations of t^s kind should not be put 
on till as near the finish as possible. 

A I>raped Bodice. The two sketches in 
diagram 77 give two simple but very becoming 
arrangements of a draped bodice, the first for 
day wear, and the second a variation of the 
same model which effectively transforms it into 


as the vest fastens under it. The neokdvuid is 
transparent and lined with chiffon. It fastens 
at the back and has the bones arranged as 
described for fancy collars. The edges of the 
draped portion are turned in and hemmed, or 
just caught raw-edged to the material. 

The back may be cut a little larger than the 
lining, and gathered or pleated slightly at the 
centre of the back, or it may be m^e the same 
as the front, but if so, this must be very carefully 
done to avoid a round-shouldered effti't. 

If preferred, a plain “ stretcdied Iwvck ” can 
be made. This should bo out on the cross, the 
fold taoked down the centre of the l>ack, taking 
care not to stretch the material ; then smoothcHl 


an evening affair. The day bodice is of fine out well towards the shoulders, across the l>aek, 
cloth or cashmere, or any other thin and supple neck, shoulders, and under the arms. Be very 

material, with a yoke ean'ful to get this 

and under-sleeves of without a wrinkle, 

lace; whilst for the J i icj® l*in and tack in 

dainty evening bodice fHwition. then ta<'k 

chiffon, crepe do shoulders and umier- 

(^ine or organdie can A seams Uigether 

be selected for its ^jf j maidiino-stiteh. 

expression, the neck \ j For the evening 

being finished off with w fho founda- 

a folded fichu, the r tion should be of silk, 

frill of which is ^ged though fine raer- 

with a ruching of ceriw^d satcMm looks 

chiffon. With the y ' / m very well and is much 

first a pointed rucked 30 k ' ' / ' T ' ^ JS/fllL. ex[M*nsive. I’his 

bolt of silk is worn. is cut V-sha|XHl at 

and for the second ' ' aS''^\ the neck, and is neat- 

the gathered belt is / i \\ binding, 

arranged in a flat- y '''^1 1 . ^ when the matf^rial is 

pointed stomacher y/ - J u \ \A arrangf^d and the 

piece of stitched silk. / iSgfct=r£^ \ \ back and fronts w'wn 

For either bodice, f V 1 l) f^>K*dher. 

the lining is made and ^ 'I’lio sl<H?ves in this 

fitted sejmrately, ao- ^ pww may lie of silk 

A)rding to the direc- latU*r, 

tions already given ^ ) ISl lW^ n \ \ M if transparent ones l»o 

for bodice - making, ^ Iflu 1 i I i ) \\ 

except that the fronts A Ml I 

only are faced with « / H ^ others, only 

2 in. of material on } H P'**^'* 

each Bide before the < //A ^ul**'**. 

fastenings are put on, f * gathered three 

these being usually times across the 

of the edge-to-edge 77. a draped bodice ? 

necotid putt, which 


ean'ful to get this 
without a wrinkle. 
Pin and tack in 
(MMtition. then ta<*k 
shoulders and umier- 
arm seams Uigether 
and maf'hine-stiteh. 

For the evening 
iKxlice the founda- 
tion should be of silk, 
though fine mer- 
(‘criw^d satiMm looks 
very well and is much 
less ex[M*nsive. I’his 
is cut V-sha|XHl nt 
the neck, and is neat- 
enod with binding, 
when the matr^rial is 
arrangfH.! and the 
back and fronts H<»wn 
togtdhcr. 

The sl<H?ves in this 
case may lie of silk 
or chiffon, the latU?r, 
if transparent ones l»o 
desired. 1’hey are 
cut in the same way 
os the others, only 
the puffs are much 
dwjier and fuller, 
then gathered three 
times across the 
lower part to form a 
second puff, which 


The shoulder and under-arm seams are left 
open till the right front drapery is arrangc?d, 
which for this style is better pinned on one 
front, either on the stand or on the wearer, 
before cutting closely, when the second one can 
be cut exactly the same. From shoulder and 
front armhole it should be drawn somewhat 
tightly, but under the arm to the bust the folds 
he a little looser. 

The yoke is arranged luid sewn on the fronts 
— and the back also if wished — then the 
materia] fronts are gathered under the arms, 
siso a litUe where the sleeve is inserted, and 
•ecured to the corresponding portions of lining. 
The front edges are gathered and drawn to- 
gether in the centre of the bust. Hie right 
eide is can^t to the lining, but the left is loose* 


must be sewn to the chiffon or foundation. 

The frills may be accordion-pleated, edged 
with ruching, which can bought by the yard, 
or can be made by the worker, who must allow 
plenty for fulness. The ** chou bow which 
finishes off the front consists of a double 
cross way piece of chiffon, rolled loosely round 
and rouna from the centre like a rose, from 
which depend ends of narrow ribbon velvet, 
finished off with little rose-buds of the chiffon 
arranged in the same w^y. 

In such a bodice lightness and quickness 
arc of greater importance than very fine work. 

The bodice lining, as may be easily seen, 
could be cut round or square as desired. A 
narrow china ribbon should always be run 
tliixnigh the peate^ii^ at the neck to draw 
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it up, unlewi a tucker be sewn in, when it is not 
neceiuiary. 

An Kveninf C1 mK« We bare selected 
the evening cloak in diagram 78 becauae it is 
one of the latest shapes and is very simple to 
make, but, at the same time, is capable of being 
fashioned into a very smart affair, according to 
the mab^riats and trimmings employed. 

In our sketch it is composed of fine, faced 
cloth, lined with soft quiltc^d silk or satin, the 
trimming cx^nsisling of wide embroidered in* 
sertion, or jewelled embroidery, edged with 
nichings of chiffon, t vo handsome ornaments 
iKMng arranged at ea<!h side of the neck. 

From diagram 79 it will bo seen that it is 
another variation of the circular shape, and the 
worker should now Iks 
able to draft it with the 
aid of the measures 
given, or from the l)odico 
pattern, allowing •! to (1 
mclu^s <!xtra to tlie chest 
measurement. 

To cut the pattern out 
of r)2-in. cloth without 
joins, r)J yards are re- 
quircid, though there is 
very little difference in 
lbe(|Uantity if piece's be 
joimd on. In faced cloth, 
em'h picH’c must Ik* the 
right w<iy up of tin* 
material. 

Mark round, and allow 
ample turnings when 
cutting out ; ta<'k up 
centre- hack, also under- 
arm seams, ns shown 
by the notch ; then 
machine, optm and press 
carefully, first removing 
the tackings as explained 
for Indiee. Turn in llie 
front (dges to the fitting- 
line over a strip of 
muslin, also lower (dges, 
and tack down. Tack a 
pieof? of muslin to nwk 
and armholes, to prevent 
these getting stretched 
whilst tricking the lining 
in position. This is more 



78. 4N KVESTya ct.oax 


pu 

doak can be spread out flat. The lining may be 
bought rt'ady quilUd or done by the worker, 
as pnderred. If the latter, join the silk, snip 
the selvedges, open and press the scams ; then 
open out the wadding, tack the fluffy side to the 
wrong side of silk, and stitch. If not quilted, 
the doak may be interlined w’ith domet. 

When the lining is tacked and felled in 
position at the seams, arrange, tack down, and 
press the lK>x-plcat in the centre of sleeve ; tack 
and seam up as directed for bodice. Pin and 
tack sleeve m the armhole, as indicated by the 
notches at back and front, easiag it well, and 
then fit on the cloak to see that the pleat is 
quite right on the shoulder. If correct, stitch 
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the sleeve in position, cutting away the muslin 
which was put to prevent its stretching, and 
press lightly. Pleat, and make the lining exactly 
the same, tack in position, and then fell the 
edges to cover seams of shoulder and armhole. 

Turn in neck -edge over a cross way strip of 
muslin, and fell the cloak lining over the turn- 
ings ; or the edge may be neaten^ with a piping. 
»S^ure hooks and eyes — if wished — to right 
and left sides, then turn in and fell the quilting 
to the cloak edges, being careful to puli away 
the wadding from the edge, to prevent any 
undue thickness here. 

Now make the cuffs, gather and secure the 
sleeves between the upper edge of these, when 
the trimming can be sewn on round neck, down 
the fronts, and round 
the cuffs. If a stole of 
silk or material is re- 
quired, this must be cut 
from the pattern, as 
shown by the broken 
lino. 

A little pocket on the 
inner left side, felled to 
the lining, with a piece 
of elastic at the top. 
will be found a great 
improvement, and can 
of course Ik? made very 
pretty, if wished, by 
bting pleak‘d or trimmed 
with niching. This, 
however, os well os the 
question of the further 
emlxdlishment of the 
cloak, must l >0 left to 
the taste of tho worker. 

Unlined SRirts. 
Unlined skirts of thin 
material may bo merely 
hemmed up and not 
faced, when th*^ edge 
should Ik* proU*cd(*d with 
a ndl, or “ rouleau,” of 
tho material sewn just 
inside the edge of tho 
skirt. This is a much 
prettier protective finish 
than braid or binding. 
An inside frill is also 
a desirable addition to 
such a skirt. Tliis frill may be gathered or 
kiltod, sewn on the foundation foot part, or 
merely to the edge ; but with very smart 
gowns, one. two. or three frills may be employed 
when there is no question of cost. 

Selvedges must be either cut off or snipped, 
or there will be a puckered effect at the seam. 
When sewing on plain, narrow velvet, hold it 
lightly, and just tightly enough to keep the 
outline, but not to drag or pucker the material. 
Sew it on with fine silk, making short stitches 
on the right side and long ones on the inside, so 
that the stitches will not show. 

Folded or swathed belts should invariably be 
cut on the cross ; this should be carefully home 
in mind, or the effect of any dress is quite spoilt 



Joins must be carefully attended to, and 
placed so that they are not seen. If in the 
sleeves, the join should come in the under part ; 
if in a bodice or blouse, it may be arram^ under 
the arm, but nowhere else unless it can be hidden 
by trimming. On a skirt, all joins or additions 
must be at the bottom — at the back part of the 
gores if to the width, at the foot part if for the 
length — when the join can be concealed by 
trimming. It should also be nmiembered that 
all pieces added should be cut the same way of 
the material. 

In spite of the advent of the machine, it may 
l)e pointed out that handwork still more than 
holds its own in the higher branches of dress- 
making, and even tailoring. 

Pn'ssiim should generally be done on the 
wrong side ; but if it has to bo done on the 
right, a cloth should be first placed over the 
material to protect it. Light -colon nni fabrics 
should alw ays be tested beforehand to see if they 
will stand the heat of the iron ; in some case's it 
will quite change tlie colour if too warm. 

Empire gowns 
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are dealt with in 
* ‘Underclothing. *’ 
tSeeTEA-ooWNS.] 

llie making of 
a Princess gown 
is descriU'd in 
Tailorinq. 

Paper Pat- 
terns* We have 
gone somewhat 
fully into the 
matter of draft- 
ing and cutting 
various patterns, 
iH'cause it is well 
for the w^orkcr to 
understand this 
method. At the 
same time it is 
quite p<assible to 

produce excellent results without this knowledge, 
and by the aid of good paper patterns. 

But these require management, and any 
attendant failure should not be laid so much to 
their charge as to their manipulation and the 
wearer, whose measurements may deviate some- 
what from the correct proportions upon which 
“ stock size patterns are built. 

For instance, a figure whose general measure- 
ments may correspond with a 36'in. bust may 
have a narrower back or a longer arm than the 
pattern ; a tall figure may be shorter, a stout 
one taller, than the average of their “ build.” 

In taking these measurements, the tape should 
1)6 placed over the fullest portion of the body. 

In measuring for a skirt, for instance, let the 
starting-point be the hips, 6 in. at least below 
the waist, because this may be smaller or larger 
in proportion to the measure, and it is easier to 
take in and widen the skirt at the waist thwi 
to alter the hip part. 

The outline should not be interfered wifh. If 
only an inch or so too short, lengthen at the 
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bottom, but if several inches l)e required, insert 
a pi^ at the knee-line all round, by which the 
outline at top and bottom is not interfort'd w'ith. 

In the same way, the skirt may bt' shortened 
by making a tuck on each gore at the same pla<'e. 

For a short, stout woman, pin the pattern 
round the hips, allowing it to drop in front till 
this hangs pt^rfwtly straight ; be tuin'ful to gi'i 
the back right and quite even iH'fore fitting the 
darts and seams from hip-line to waist. Pums 
the tape round this, pin in place, and mark 
carefully before cutting off any overplus or 
uneven parts at the top edge. 

With respect to IxKiiee palt4'm«, the same nih' 
as to getting tlie measure of the fulK'st portion 
will nearly always hold good. Some kvk terns 
vary, however, so it will Ih^ well to ascertain the 
necessary measures bt'foro sending for miy 
pattern. 

One rule may bo given : CJet acijuainted w ith 
each piece of a pajicr |MitU*rn. and study the 
relation of the various jiortions to eiu'h otln'r 
In'fore putting together and cut ling out the cloth. 

Also study the 
notches, and put 
those together 
which corre- 
spond. as thes<' 
sliow where eacli 
piece Is-longs - 
thus, I notch to 
1 notch ; 2 not- 
ch(*s to 2 others, 
and so on. 

The Drees- 
maker. Though 
Hf» many have 
taken up dn'SH- 
making of late, 
tlu're yet sceriis. 
unlike so many 
earwra, jilenty of 
room for good 
workers, who 
ays Iwing able to 


may 1 m' pretty sure of alw' 


But the work is hard and the hours long - 
W'hether the worker set un for herself, or w hether 
she work for another. It must Im* remem licred 
that in dressmaking- os in most things- though 
theory counts for much, pra<’ti(!e aIon<* w ill make 
perfect, and no one should think of starting for 
ncrsc'lf without the know'lwlgi* thus gained. 

If the worker is desirous of jierfec'ting herw'lf 
in the higher branchc?M of dressmaking, it ftiay 
lie well to enter some g(K>d firm as an improver 
or assistant. Apprentices in the U^st houses 
may have to pay a premium of £fifl to £HK) in 
the bouse, but if living or boarding out, £**10 is 
the average fee. 

In dr(»Hsmaking, specialising prevails more 
or less in large houses, and good skirt and 
bixlice hands are nearly always in requirst, 
Slcicve hands, too, are pretty sun* of work. 

Fitting is always a separate branch, and as it 
is the most difficult, is the highest paid in the 
trade. 
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REIGN OF ALEXANDER THE GREAT 

7 Accfrion «sid Conqoestt of a Manrellons Reig^ The Great Greek 

Pliito«)phera ; Socratea, Plato, and Aristotle. Clowng: Days of Greece 


By JUSTIN McCarthy 


Alajumdar’a Aoooaaion. On Philip's 
death Alexander came to the throne of Ma^* 
donta and iu conquered •iste<i. Alexander was 
then in hU twenty-first year. His education 
had been remarkable and exoeptional in every 
sense. When a bo^r and youth he had had for 
his preceptor the illustrious philosopher Aris- 
totle. He was under Aristotle's teaching for 
some three 3 rears. but his father had little inten- 
tion of encouraging his son to devote himself to 
philosophical studies, and was determined that 
he should be^ as soon as possible the work of 
political and military government. He was 
out sixteen years old when his father, who 
was undertaking one of his forei^ conquests, 
appointed him regent of the kingdom, and 
Aiexander was understood to have shown much 
judgment, foresight, and statesmanlike firmness 
in his manaMment of affairs. We have already 
told the brilliant part ho played at the Battle 
of Ohasronea. He had no sooner come to 
the throne than he found himself com- 
pelled to carry on his father's warlike move- 
ments in Thrace and even outside the realms 
of Greece. He received suddenly the news that 
the Macedonian garrison in Tlieboa had bt^n 
massacred, and he rapidly retraced his steps 
from the shores of the Danube, recaptur^ 
Thebes, slaughtered numbers of its defenders, 
and sold a far greater number into slavery. It 
is stated that Alexander indulged in the 
exultant declaration that Demosthenes had 
called him a child, but Uiat under the walls of 
Athens he would prove himself, even to 
Demosthenes, to be a man. 

Many Conquaata. The Greek states, now 
brought onoe again into submission, conferred 
upon Alexander the title, which his father had 
formerly held, of Oommander-in-CSiief for the 
conduct of the war with Persia. Alexander 
oroeeed the H^espont with an army of 30.000 
loot and 6,000 horse, and won a brilliant 
viotoiy over the Persians near the River 
Qranious. The Persian army is stated to have 
numbered more than 100.000 men. 'Die Persian 
ruler was Darius III., the descendant of the 
brilliant family, of whom Darius I. was the 
most famoua Darius 111. beg^ his reim in 
the year that saw Alexander the Great 
soooeira to the throne. Alexander then 
oontinued his march along the coast in order 
to protect Greece from invasion by the foreign 
allies of Darius, and also to prevent Darius fr^ 
reoeivinji any assiatance towards the repi^ion 
of uprkuiige whidi iniii^t ooenr among his own 
subteta 

utatvMf however, mads mote than one heroic 
attempt to cheek the movemmite ol Alexander, 
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but Aiexander defeated him in another 
battle. Then the conqueror laid siege to 
the city of Tyre, which he captured alter a 
protracted struggle. He made himself practically 
master of Egypt, and there founded the city 
of Alexandria, which he called after bis own 
name. Some h’storians tell us that in order to 
conciliate the inhabitants he went so far as to 
make sacrifice to the accepted divinities of the 
region, not having any religious principles of 
his own strong enough to prevent him from 
performing this singular act of conciliation. He 
pursue ! his conquering way through Palestine 
and A 8 S 3 rria, traversed the Euphrates, where 
the Persians made no stand, and the Tigris, 
which they unsuccessfully attempted to defend ; 
and on the famous battlefield of Arbela he 
won his third and decisive victory over Darius. 

An Army of a Million. The army of 
Darius numbered nearly a million of men. 
while (he Macedonian army had less than fifty 
thousand. Alexander became thus the possessor 
of a vast amount of gold and silver taken in the 
cities of Susa, Persepolis and Babylon, with 
large stores of jewels, the property of Darius, 
worth in all some thirty millions of our present 
money. The value of these B}>oil8 is estimated 
on the authority of Plutarch, one of the 
greatest of Greek historians, who began his 
life after the opening of our Christian era, 
and had thus ample time to collect and 
study his materials. There seems no reason to 
suppose the estimate extravagant, for Darius 
must unquestionably have had vast stores of 
wealth in that part of his dominions. Darius 
retreated to his eastern provinces, and Alexander, 
feeling certain of victory, made no effort to 
pursue him. The fate of Darius was soon decided. 
He w'as killed in his flight by one of his own 
satraps who had turned against him. Alexander 
came to Babylon, where he restored the temple 
which had been destroyed by Xerxes, and he 
occupied in succession all the other capitals of 
the late sovereign. 

A Stern Conqueror. He was now 

sovereign of Persia, which he made merely 
a pi^t of the Macedonian Empire, and bie 
married Roxana, the dau^ter of a great 
Persian nobleman. Alexanaer did not ahow 
himself aa merciful a conqueror during this part 
of his career as at its earlier stages. He 
exercised severe and even cruel lepris^ upon 
some of those whom he b^vad to be con- 
spiring against him. He was not yet satisfied 
with his conquests, and was filled with a straig 
desire to make India part of his Empire. 

It bamMoed that one of the sovereigns of 
a stats m India was at that thne engaged 
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in a land with another Indian monarobt who 
besought the aid of Alexander against his 
rival, and the Macedonian conqueror probably 
thought this a good opportunity for his Indian 
enterprise. Alexander won a complete victoiy 
over this Indian King, Poms; and to oross 
the Indus and thus oome upon Poms, 
he caused a whole forest to be cut down in 
order that he might constmot a fleet for the 
pasdng of the river He dealt so generously 
with his captive, partly no doubt with the view 
of obtaining th« genuine submission and alli- 
ance of Porus, that he allowed him to retain 
Ins states on condition that Porus should 
undertake the duty of keeping all that part of 
the country in ol>edionoe to Alexander's mle. 
The fleet Alexand(T had created had meanwhile 
coasted all along the shores, returning by the 
Persian Gulf,* with the object of satisfying the 
trading viorld undcT Alexander’s rule as to the 
facrilitics for ofxming up and carrying on an 
extensive commerce with India. Alexander, 
meanwhile, built ports, dockyards, and oven 
cities in the territories ho had subjugated, and 
wlien ho ret umed to Babylon he led his army 
through dtwirts which had never before seen 
the march of a military force. 

Simiemmmn and Soldier. Alexander was 
a groat statesman as well os a great soldier. 
He belonged to that supreme order of military 
conquerors who prove themselves to be the 
foimdors of impi^rial sjmtems. He understood 
to the full that, no matter what militaiy force 
ho could obtain from Greece, it would not be 
within his power to maintain his rule over the 
Indian territoritios by any other means than 
that of liberal and equal Uws. Throughout 
hU rule ho showed respect for the national 
customs of the peoples be hod conquered, 
allowed them to mauitain their own religious 
worship, even on certain occasions oflering 
formal homage to their gods. He promoted 
as far as possible the marrying m Mace- 
donians with Asiatic women, imd he did his 
licst to promote a continuous commerce 
In^tween Greece and the East. 

Alexander was still a young man, only 
thirty-two years of age, and mi^t well have 
seemed to bo still approaching to yet greater 
conquests. His piu*po80 evidently was to bring 
Greece into close oommercial, political, and 
military alliance with Persia and the other 
Asiatic states which he had conquered, and 
thus to create one vast Macedonian Empire, 
spreading over much of the West and of the 
East. 

The Death of Alejcaader the Greet. 

While at Babylon he was suddenly stricken 
by a disease which came upon him after a 
luxurious banquet His illness was probably 
malarial fever. But Alexander took littfe 
account of it, continuing to indulge in heavy 
drinking ; and on the eleventh day of his 
illness it became evident to those around him 
that the great career was coming to a cloae. 
Hie portents of the tragedy socm spread ; the 
soldiers crowded into the Royal p^aoe, and 
many of them were allows to pass in 
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ffla beside the bed of their Commaader. 
Alexander was then unable to speak, and 
could only wave his hand in friendly acknow- 
ledgment of their presence. He had before 
this become certain that his end was near, 
and had given his ring as a memorial to 
Perdiccas, one of his lieutenants and friends. 
When some of those necu* him asked him to 
whom he desired to leave his crown, he mur- 
mured that he desired to leave it to the most 
worthy, and that his only fear was lest blood- 
shed should follow his funeral rites. Then 
came the end. 

A Great Policy. Alexander’s reign ol 
conquest had lasted little more than twelve 
years. He was one of the greatest conquerors 
the world has know n. W^e can clearly uisoem, 
from what is told us by the historians who 
came nearest to his time, that he had far higher 
and more statesmanlike pnqects than those of 
mere conquest and subjugation by military and 
despotic power. His policy was to treat the 
oonquerea countries with such equity and 
TOnerosity as might make them his willing and 
loyal subjects ; to endow them with systems of 
govemmimt under which they should be more 
xroo and pros])erouB than they liad over been 
before ; to give them political and social 
equality, and to make it a pc^rsonal an I patriotic 
intere.st with them to become frt*e citizens of 
hie Empire. He had many faults, some of 
them great faults. He had a vehement and 
sometimes ungovernable temper, and although 
in his better moods be was conscious of this 
defect and strov'e to control it, there were times 
when it passed beyond his control and drove 
him to deeds unworthy of such a man. 

Murder of Clitue. One of these deeds was 
slaying with his own hand of his friend Ciitus, 
w'ho had saved his life at the Granicusr Alexan- 
der and Clitus and their brother officers w’ere 
banqueting together, and many of tluV oflicers 
paid oomplimonts to Alexander in language 
w'hich seemed to the plain and sincere nature 
of Clitus to be that of the most fulsome 
flattery, such os Alexander ought not to hear 
without reproof. Clitus expressed his opinions 
strongly, and w'hen Alexander, roused to anger, 
rebuked his friend for such interference, Clitus 
reminded him that the sovereign owed his life 
to the hand of his friend, and further told him 
that if be would not endure a just remonstrance 
he ought to associate only with slaves. There- 
upon Alexander, who had probably been 
drinking very heavily, sprang up and stabbed 
Clitus with a javelin. The wround proved 
mortal, and it was said that Alexander never, 
during the remainder of his life, ceased to 
repent the crime, committed in the fury of 
the moment, whi^ had cost him the life of 
his beat and moat devoted friend. Many 
other evil deeds, the result of sudden tm- 
govemaUe passion, are recorded against 
Alexander, and although he was usually mag- 
nantmous as a conquen^, he is accused Of 
having been sometimes guilty of actual cruelties 
towards those whom he had subjugated 



Alexander's was undoubtedly one of those 
uncertain natures which do not improve by 
continuous prosperity. Disappointment and 
what soemea to be the frustration of his plans 
he always bore manfully, and studied how to 
put things right and carry his enterprise to 
success in spite of overwhelming obstacles. But 
when victory had been accomplished Alexander 
only too ready to indulge in the exultation 
of the hour, and allow his worst impulses to 
exert their full influence over him. We meet 
often in everyday life with men who can devote 
themH(‘lves to some great task in art or litera- 
ture, or in commercial enterprise, with per- 
severing spirit and unshadow^ea front until that 
w'ork be fully accomplished ; and will then give 
themselves up to an interval of sensuous enjoy- 
ment, and allow the worst impulses of their 
nature to have unchecked expression, os if 
such a lime were a well-earned holiday after 
the strain of their toil. 

A Complex Nature. Alexander appears 
to have l)een such a man. TIhtc wert* in his 
nature two difftM'ent men — one wliom nothing 
could turn from his enterprise until it had bt^en 
accomplished, and one the voluptuary who w^as 
then allowed to assc^rt his own prerogatives for 
the time. But it must remain to his eterniU 
honour that wherever he went as a conqueror 
he endeavoured to spread the language, the 
literatims the art, and the civilisation of Greece. 
Even his occasional toleration and patronage of 
idolatrous practices and of polygamous habits, 
which gave occasion to much condemnation by 
historians, may Ijo std dowTi to his strong 
desirt^ to gain the confidence of each newly 
conquered people, to induce them to regard 
him as sympathetic and friendly, and thus win 
them to become his peaceful and loyn-l subjects. 

The body of Alexander was nuriod in a 
golden coffin at Alexandria. The extent of 
his conquests, if studied on a map, must 
Hc^m wonderful when we rememl>er the un- 
develofiedl condition of travel in those far-off 
days, and the almost superhuman difficulties 
which a conqueror must have had to encounter 
in transporting his armies through vast regions 
of unexplored forest and swamp, and in using 
his rudely made timlK*r fleets for the convey- 
ance of large niiniUirs of men across the seas. 
The weapons of a civilised army in Alexander’s 
lime had but little superiority over the weapons 
of the uncivilised tribes who strove to oppose 
his progress, and in the genius of the conqueror 
himself must have been found the sole key to 
success. The events that followed the death 
of Alexander Ijear the strongest evidence of 
the right he had to that title which has been 
universally given to him— Alexander the Great. 

An Illustrious Era. The era to which 
belong the reigns of Philip and Alexander is one 
of the moet illustrious in the history of the 
ancient world. It was not only — it w'as not 
even mainly — an era of conquests ; it was an 
ers of letters, of art, of oratory and philosophy. 
Soon after the death of Alexander the genius 
of concmest began to pass away from Greece. 
Alexaowr’s death led to a quarrel as to the 
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succession. His wife Roxana gave birth to a 
son three months after Alexander’s ileath, 
and this son, in the ordinary course of things, 
would have succeeded to the throne, but Alex- 
ander had also a half-brother named Aridreus, 
who claimed the succession. The mother of 
Alexander was still living and took an iw'tive 
part in the dispute. lliert'W’as, in fact, a family 
controversy over the succession, and in tlieend 
it w'as agreed upon, as the only possible com- 
promise, that .Alexander's son and Alexander's 
half-brotlier should both U* pnx'laimed sove- 
reigns. This division of a nominal authority 
betw’cen ou infant and an incapable youth only 
led to incessant family disputes, which soon 
broadened into public divisions and interna- 
tional disorders. The Macedonian Empire broke 
asunder, state after state strixing to u'stoiv its 
long-lost national independence. Kor many 
years this struggle went on, and Macedonia 
had to ix'sist inva'^ion from all Hide>‘. Mean- 
w'hilo a n(‘W' power w as arising in Europ(* which 
was to mak(' itself felt all over llu' world — the* 
janver of Home. .Mace Ionia iKMUime in the 
course of time a prox inee of Home, and the 
Mtxcedonian Empire was heard of no mort*. 

The Teacher of the World. This is 
a suitable tinu' at which to make a ndro- 
spectix'o survey of the great works wliieh 
were occompliHhcd in art and lileratiirt% in 
philosophy and in Htat<*smaiiKhi)), (luring the 
days of that Macedonian Krnpire. I’hc' name 
of Socrates may well hold tht‘ foremost place 
among thostt who thus madt^ (Jrcecc the lea<'her 
of the world. Socrates was tin* son of a H{Mdptor, 
and xvos brought up in .Atlams, w here In* received 
the education usually givim to young Atlnuiians, 
but learned in addition, what xvas not then 
(common, a considerahh? knowledge of geometry 
and astronomy, in which he took adr^cp inten'st. 
He 8crv(^d as a soldatr in thre(' eampai-:nM, and 
displayed much courage*, energy, and patic’nt 
endurance; and it is said tliat he ama/.ed his 
more oxp(?rienccd war comrades l»y his absoluU^ 
indifTcrence to the bitter cold of a winter 
campaign as well as to its danger. 

A Bold Philoaopher. He followed his 
father's occupation as a smilptor, and iK(iredit<*d 
with having accomplished a marble group which 
was exhibited in the .Acropolis. After a whih* 
he abandoned all occupation but that of a 
teacher of philosophy, and this he taught not 
in 8(!hool8, os other philosophers of his time 
had done, but in the public Forum, in streots 
and market places, in his own home, and in 
the homes of his friends. He prea<died a more 
enlighten(id form of religion than that authori- 
tatively accepted in bis day ; he conderancsl 
intolerance of other men’s faiths, and he 
inculcated doctrines of righteousness and 
urity, and the need of a constant pursuit of 
nowledge. Socrates would ix?ally appear to 
have believed himself inspired by some higher 
power as an expounder of pliilosonhy, morality, 
and religion, and he spoke out nis sentiments 
with a boldness which soon made him dreadtHi 
and detested by the rulers of the state. 
Finally, bo was made the victim of a legal 
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impeachmeni on the ground that be waa gufltjr iu nature, and to thoee eleoi^ts in tbe mental 
of blaapbemitu the recognised divinitiee of and moral oonsittniion of human beings which 
Greece, of endeavouring to introduce to the it could help to improve or to spoil. Plato lived 
people new and false gods, and of striving to to a good old age. He died in his eighty-hrst 
corrupt the morals of the Athenian youths. year, and was seen by his friends for the last 
He delivered a speech in his own defence, and time at a wedding feast. He died as he had 
the courai^ imd eloouenoe with which he lived through the greater part of his life — in 
defended his cause probably aroused the piti> peace and in an atmosphere of happiness and 
less^ hostilitv of the tribunal before which he hope. 

had to plead* Although the vote of condemna* Ariatotle* Aristotle wras the greatest pupil 
tion i^atnst him was only carried by a small of piato and one of the greatest philosophers 
majority, the court condemned him to die by of all time. He was bom at Stagira, a Greek 
drinking a cup of hemlock. When the appointed colony. In his eighteenth 3 rear he settled in 
time cam he quietly drank the hemlock, and Athens, and soon after became a pupil of Plato 
died with all the composure of a philosopher He founded a school of rhetoric in Athens. The 
a mart 3 rr. He thus passed out of life in teaching of rhetoric included a certain amount 
hb seventieth year nearly 400 years before the of instruction in law and in politics. When Plato 
Christian era. died Aristotle left Athens and stayed for some 

Another Groat Phlloaopher. Plato years in Asia Minor with an old pupil who had 
was one of the greatest among the Gree^k now become a man of power. He was afterwards 
philosophers. There is some doubt about the invited to Macedon by Philip that he might 
place of his birth. The general l)elief is educate Philip’s son, Alexander, and he continued 
that he was bom in Athens, but it is also to be the instructor of Alexander for three or 
contended that his birthplace was in the neigh- four years. When Alexander started on his 
liotiring island, ili^gina. The dispute is not of expedition into Asia, Aristotle returned to 
much imnoriance, for Plato must in either case Athens, and there founded a school called the 
lie regarded as an Athenian. He was bom of Lyceum, because it was near to the temple of 
aristocratic family, and appears in his youth to Apollo Lycieiis. After the death of Alexander, 
have liegun by writing ; but ho soon his friend and protector, his teachings were 

applied himself to the study of philosophy, and regarded wdth disfavour by a powerful party in 
when he was nearly twenty years old he became the Athenian state who were uncompromising 
the friend and companion of Socrates. That opponents of the Macedonian policy and pre- 
friendship last/od for some eight years, and the juuiced against Aristotle, whom they regarded 
companionship was then brought to an end by as one of those who favoured it He was 
the death of Socrates. After the death of Socrates, accused of impiety — of endeavouring to set 
Plato left Athens and visited Sicily, parts of his pupils against the ancestral divinities and 
Italy, and even Egypt, striving wherever he ancestral faith. Aristotle knew from what 
went to add to his store of knowledge. Know- hod l»efaUen Socrates how easy it was to 
Mge w’as indeed the one object of his am- convict of impiety anyone who endeavoured 
bit ion. >fe showed no inclination for practical to inculcate a new religious doctrine. Ho 
polities, he loved learning not merely for its escaped from Athens and took up his rosidenee 
own sake, but bcH'ause he^ Is^lievod that through at Calchis, in Eubosa, a large island in the 
learning alone could man know how to live Sea. which had become subject to Athens and 
a truly noble and virtuous life. is now part of the kingdom of Greece. ^ Aristotle 

The Teechinge of Plato. Plato l)egan not given long to enjoy the quiet of his 

his cannsr as a t6a<;her. He taught in the retirement, for not many months after he died 
Academy, a public exercise- ground planted with age of sixty-two. 

noble trees, and from his teachings there his school Other GreeK Schools of Philosophy, 

of philosophy became known as the Academic. There were many other philosophers and 
Plato also explained and expatiated on his schools of philosophy in the great days of 
philosophic doctrines in his own gardens, where Greece. There was Zeno, the originator of the 
ho could alw ays gather round him a lar^ number Stoic philosophy ; there was Diogenes, the Gynic 
of disciples and friends. Plato’s teaching was to philosopher, W'ho in his maturer days turned so 
a grtMi extent a continued exposition of the completely against the extravagant living of his 
doctrines taught by Socrates, but he made a you^ as to make it his theory that man ought 
more systematic effort to associate them at once to subdue by hardship and physical pain all 
wdth the practical life of man and with man's his sensuous cravings, and finally, according to 
higher life in the future. Plato contends that the common report, made his habitual home 
man's highest ideal is the recognition of ** the in a tub. 

good.” His interpretation of ” the good ” cor- We have already said something about the 
responds with that given by Christianity. He poetry and the art of Greece, about her orators 
would not admit that pleasure is man’s good, and historians, and have only to add that the 
but on the other hand he would not adopt the closing days of the independence and power of 
principles of the Cynic jAilosophers. that all the Greek states were the greatest days of 
pleasure is in itself an evil — a doctrine which has Grecian genius since the earlier time when the 
to a great extent been accepted by the teachers poems of Homer were given to the world, and 
^ manyaeots from that time to the present He that Greece, when she passed for sges out of 
held that pleasure was good or evff according to hhXorj» passed away at least in a H tu e of 
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THE BOOKS OF THE FIRM 

Entries of Petty Cash and Stamps. Examining Inroices. Day, 
Ineoioe, and Ca^ Books. Treatment of Sale and Discount Transactions 


By A. J WINDUS 


T1E1E reason why Bevan & Kirk call their 
* principal register of receipts and imyments 
Bank Cash Book is to emphasise the fact that 
all transactions recorded therein pass through 
the firm's banking account. An inspection 
of the entries on folio 45 will reveal this more 
clearly. On September 2l8t, 1905, two amounts 
were received of £1 5e. 9cL and £5 is. 8d., 
respectively, and these w’ere paid into the 
bank as one total of £6 10s. 5d. So it is with 
aU the receipts ; they are banked on the same 
day they arrive without any deduction. 


Petty Cash. If money is wanted to pay 
petty expenses, a cheque is drawn and cashed 
(as on September 20th), and the junior clerk 
enters in his petty cash l>ook particulars of 
the cash received and of the manner in which 
he gradually disposes of it. Trade creditors, 
except for small sums, are paid by cheque, the 
creditor's own signature on the back of the 
cheque (styled an endorsement) Ix'ing an 
exc^ent form of receipt. Could anything be 
more charmingly simple than this s^’stem of 
dealing w ith the cash ? All the money which 
comes in is debited to the bank, because the 
bank receives it — every penny of it — and ail the 
cheques drawn, whether for petty cash, trade 
creditors, or any other purpose, ore cr<*ditod to 
the bank because the bank pays them. [See 
Bookkeeping Rules a and d.] 

^ We now understand what effect was produced 
upon Bevan & Kirk's banking account by the 
withdrawal of £90 in September last for petty 
cash. Ihe bank paid the various demands 
made upon it, and was therefore credited, 
petty cash being debited with the corresponding 
amounts. £60 of the total is involved in the 
amount of £355 14s. 7(L brought forward in the 
bank cash book. Our copy of this book does 
not go back far enou^ to enable us to toll 
how the £60 was made up, but w^e do know 
that, since September 19th, an additional £30 
has been drawn for petty cash — namely, £5 on 
September 20th, £15 on September 23rd, and 
£10 on SeptemW 30th ; that is to sav, £90 in 
all We mi^t now, of course, post the bank 
account to its niche in the general ledger, but 
the time for that is not yet. 

Stmmfia. Although we are naturally anxious 
to perceive the true bearing of a scries of trans- 
actions (such as we have in the banking account 
of Bevan A Kirk), and to give it due expression 
in terms of debit and credit, and finally to 
distribute the debits and credits among the 
ledger accounts concerned, we must not over- 
look a certain set of transactions which still 
chums our attention. Nor must we forget that 
we are dealing at the moment with Imks of 
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original entry. It will be time enough to look 
into the ledgers when we have prei)arod the 
entries in the former for postii^ to the latter. 

Transaction (6) in oiu* list is a humble one. 
To discuss postage stamps after reviewing a 
flourishing b^k account is like descending to 
the valley after climbing the mountain jK'ak. 
Nevertheless, it is perfectly certain that office- 
boys and junior clerks who put careless luid 
slovenly work into the postage iKXik are throw- 
ing away chances of self-discipline and futim^ 
advancement. Tliis book is as much a book of 
account as tlic petty cash book, wiiilo, as may 
Ix^ seen from the specimen given on page 194, 
it contains otlier information useful for referenix*. 

With regard to the item of 6 b. for stamps 
purchased on September 20tli, tho usual practice 
is for the junior clerk to hand tho money to the 
post-boy to be laid out in stamps and duly 
accounted for. The junior clerk then enters 
the amount in the })ayment or credit column of 
the petty cash l>ook — g.v., because cash goes 
out ; and, at the same time, the iiost^iy 
enters Ss. under date of September 2()th in the 
left-hand or Roceivtd " column of his postage 
l)Ook, because, from his |K)int of view, cash 
comes in. Then, in the ^yment column, he 
enters, day by day, postages on letters, etc., 
until he is in danger of exhausting bis stock of 
stamps, when h(^ goes to the junior clerk for 
more money. In this case the junior clerk 
unhes both offices in his own person, but that 
makes no difference to the procedure. 

The Invoice. Transaction (c). Sept. 21. 
Invoice received from Ord &Mackayfor £57 16s. 

An invoice cannot be dealt with until the goods 
to which it relates have arrived. 

Before our invoice can be onb'red it has to 
submit to a spocios of cross-examination, It 
has already undergone a direct examiruition 
by the senders, Measrs. Ord A Mackay, to 
ensure, as far aa possible, that everything was 
in order at the time of its despatch. The 
questions pnt to tho tnvoioe are iheio : 

1. Is Older number given ? 

2. Are tho goods properly described ? 

3. Are tho quantities and meaaurementa 
correct T 

4. Are the prices right ? 

5. Are the extensions and oaati^ correct 7 

6. Has the agreed trade discount been 
deducted 7 

7. Are the terms and dating correct 7 

These questions are not all asked by the aame 

person, but whenever a satisfactory answer is 
obUined it is acknowledged the emminer's 
initials. 

The court of appeal for both parties is the 
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original order sent by Bevan & Kirk and 
accepted Ord di Maokay. To its provisicms 
both the mvoioe and the goods tnemselves 
must conform. If there is any shortage, damage 
or error in the goods, Bevan k Kirk may send 
a dsMt noU to Ord k Maokay charging them 
with the amount of the loss. On the other 
hand, Bevan k Kirk may ask Ord k Maokay 
to ae^ them a crsdil naUt crediting thmn with 
the amount of the loss. The leeolt is the same 
either way. Bevan k Kirk obtain an abatement 
from the total of Ord k Maokay*s invoice 
proportional to the damage they have sustained. 
Asaummg, however, that eveiy^ing is in order, 
the invoice passes into the Wwjpmg of the 
aooountittt, wko gives it a aeria] nnmber (806) 
878 


marked boldly in blue pencil on the face 
of the mvoioe. He tests the arithmetical 
aoourao;)r of the mvoioe, or the junior cleric 
may do it for him, and th^ the next thing is to 
enter it in the Invoice Book in readiness for 
posting to the account of Ord k Maokay in the 
bought ledger. 


TNVOIC* BOOK 
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Sept. 21 
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Onl a Mackey . . .. 
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Hm mtrj »ide» taTOioe ii placed with 
^ other l^tembw inroioec ontil t^ mondily 
•tatemcfita ii eooount come in ; then, if any 
diacfepenoiae arise between the statements and 
the ledger accounts, the inToioes are referrod 
to and matters put right. After this the in* 
voices are filed away in a bundle or box by them- 
selves. By some accountants they are kept 
loose until the statements, having been paid, 
ecMne back receipted. The invoices belonging 
to the several statements are then atta^ed 
thereto, and the papers are put in among the 
vouchers, which seems a good way of dealing 
with them. 

Cash SsJe. Transaction (d). September 
2l8t. Mr. Allday purchased for ca^ goo^ value 
£1 5b. 9d. This is a class of transac'tion met with 
in every business. The simplest way of looking 
at it is to treat it as a cash sale (C. S.). It is a 
mere accident that we know the name of the 
purchaser. We should, of course, want the 
information if we had sold the goods on credit, 
but not now. All we need think of is that cash 
came in (debit Cash), and goods went out 
(credit Sales). Accordingly we shall find the 
entry in our cash book so arranged. 

Transactions (e), (/), {g). Goods were sold 
on credit as follows : 

£ 8. d. 

(€) Sept. 21. Harold Springer 2 1^ 0 

if) J. Bruoe 11 4 8 

Ig) Aird Bros. 44 0 10 

These three transactions belong to one clam — 
that of sales. Therein they differ totally from 
(c), which was a purchase. We have already 
explained that the system adopted by Bevan A 
Kirk in connection with their credit sales is to 
fuiter them at oonvenienco throughout the day 
in the sales day book, the several invoices 
t^ing copied therefrom. 

The entries will appe^ in the day book as 
in the Table given herewith. 

Our study of selected transactions will be 
resumed in dne course, and thereby an excel- 
lent opportunity will bo created for earnest 
students to grapple with the transactions 
lettered (k) to (u). It should be pointed out 
that for the s^e of simplicity a record of 
transaction (f) has been inserted in the invoioe 
book in anticipation. 

Rnlntlott of tho JouranU. . Thoae of 

os who are readers of thrilling romances 
like **Ivanhoe** or “The Wandering Jew” 
know well enough that story- tellers often 
leave the hero or chief character in desperate 
plight while they invite us to follow for a season 
the adventures of the minor characters. This 
practice is styled “gathering up the threads.” 


We have aometiro^ rebelled at such treatment 
aa being a mere stage devioe, knowing in our 
heiurts, however, that it was essential to the 
unity and equimise of the story aa a whole. 
Something of this sort happena in the study 
of bookkeening, which, though not a romance, 
may lay claim to its heroes^^which are the 
lodgers ; its principal characters-^whioh are 
the books of original entry ; its minor characters, 
the supplementary records. To change the 
metaphor, all parts of our subject must advance 
by rc^lar steps. We cannot storm the citadel 
until we have captured the outworks. Hence, 
w ' have proceeded on the assumption that when 
all th » journals are understood, it will be easy to 
learn how to keep the ledgers. 

The Cash Booh. By journals wo mean 
the books comprised in the list of “ books of 
original entry ” [s^e page 778]. One of the most 
important of such journals is the otyth Ux^k. 
Many authorities deny that the cash b(K>k is a 
journal, and as soon as we are well grounded in 
the principles of double-entry we must examine 
their contention, with a view to deciding which 
18 the more scientific theory. 

Diaoount Tranaactiona. Whether wo 
■peak of the cash book as a journal or as a 
part of the ledger bound up m^parately is 
immaterial, so long as its form and functions 
remain the same. 

We are already familiar with the form and 
ruling of a cash book, a specimen folio having 
been given in the last chapter, when we were 
dealing with some typical transa<’tions of the 
firm of Bevan A Kirk. (Jontinuing our atudy 
of these we come to : 

Transaction (A), September 22nd. Keoeived 
from Messrs. Brown A Go.. Ltd., cheque, 
value £10 Is. 9d., in settlenient of account 
£10 6s. lid, less 2| per cent. 

So many of Bevan & Kirk's customers avail 
themselves of discount terms that a discount 
column has been ruled on the left-hand side of 
tho oaah book on purpose to accommodate items 
of discount allowed. Each item is entered in 
a line with the cash item to which it relates ; 
thus, Messrs. Brown remitted £10 Is. Ud, in 
payment of an account of £10 6s. lid. — that is, 
they deducted 5s. 2d. discount, being per cent, 
on the latter amount. Since, to Bevan A Kirk, 
the cheque is a receiptt the value of it is 
entered cm the receipt or debit or left-hand 
side of the cash book, and in a line therewith 
on the same side, discount 5s. 2d. is entered in 
the discount column. All this, of course, is a 
mere preparation for posting in the ledger 
itself. 
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OUR OWN COUNTRY 

Position, Form, Structure, and Climatic Conditions of our Islands. 
Veg:etable, Animal, and Mineral Productions, with their Distribution 


Bt Dr. A. J. HERBERTSON and F. D. HERBERTSON, B.A. 


The British Archipelago. Britain, or 
the British Isles, consists of the large island of 
Great Britain — divided into Scotland in the 
north. England and Walcn in the south —and the 
smaller island of Ireland lying to the w<‘Kt. 
The least distance la'twwn th<^ Scottish and 
Irish coasts is only al>out 14 miles, the shortest 
regular service is .*15 miles, and the mail route to 
XingstOYV'n, near ])ublin, rather over (K) miles, 
lying of! thest' two main islands are many 
smaller oni«, of which notice the Orkneys and 
Bhetlands. lying north of the extreme north-east 
of Stiotlnnd, tlie Hebrides and other islands 
fringing its west coast, the Isle of Man in the 
middle of the Irish Sea, Angk^sey, sejmrated 
fnim Wales hy the nar- 
row Menai Sfrait, the 
Hcilly Isles off the ex- 
treme south -wwt of 
England, and the Isle of 
Wight off the South 
(*oast, near the middle, 
separaUni from the main- 
land hy the narrow 
straits of the Solent and 
Spithead. "ilie ( 'hamiel 
Islands, near Fren<'h 
waters, are |K)litirally, 
though not 
cally, part o 
AltogcUier there arc over 
.5,0(K) islands in the 
British Archipelago, 
manv of w’hich are mere 
uninhabited rocks. 

The British Seas. 

West of the British Isles 
is the Atlantic Ocean. 

Ht^parating them from 
the New World by 
nearly 2,000 mile* of 
ocean. Ireland, separated 
from Great Britain by 
the shallow Irish Sea, 
which is entered from the Atlantic by the North 
Channel in the north and by St. George’s Channel 
in the south, lies like a breakwater off the central 
portion of the larger island, shielding half of its 
western coast from the full force of the Atlantic 
storms. The eastern shores of Great Britain 
are washed by the shallow North Sea, which 

S B by the narrow strait of Dover into the 
ish Channel. These shallow seas arc 
rtunatdy dangerous to navigation owing 
to the numerous sunken rocks and sandbanks, 
oi which the Goodwin Sands have perliaps 
the most infamous reputation. The Dogger 
Bank, covered by shallow aeas, about SO miles 
off the Yorkshire coast, is a rich fishing ground, 
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visited by fishing fleets from the surrounding 
lands. 

The British Coasts. The Atlantic 
coasts differ considerably in character from those 
of the more conflntKl seas. Tlie fonner are, as a 
rule, rugged, mountainous, and deeply cut into 
fiords and islands. Here the sea has drowned 
the lower ends of the valleys, partly probably 
through the gradual sinking of the highland areas. 
Tlicse d<M‘p inlets are called loughs in Ireland, 
and firths or Im'hs in Scotland. A glance at the 
map shows how eharacUTistic they are of the 
Atlantic! coasts, not merely of Britain, but also 
of Norway. Tlie coasts surrounding the con- 
fined seas, on the other hand, are, as we should 
expect, generally low, 
and often sandy, with 
high cliffs only where the 
highlands come down 
to the sea. The famous 
white cliffs of the South 
Coast, dear to the wan- 
derer homcw’ard bound, 
are th(‘ edge of the 
low chalk heights of 
southern England. The 
rivers flowing to the 
shallow seas from long 
estuaries are quiU* 
different in scenery and 
mode of formation from 
the fiords of the Atlanti? 
coast [65], though on a 
map they look very 
similar. 

The coasts, therefore, 
both of the Atlantic and 
of the shallow aeas, are 
deeply penetrated by 
water, bo much so that 
no place in the British 
Isles is 100 miles from 
the nearest sea [66]. 
The deep estuaries wind 
far into the land, permitting ocean-going ships to 
discharge their gcMxis almost in the heart of the 
country. 

Hiere is a remarkable though accidental 
symmetry in the situation of some of the more 
important of these openings, which are arranged, 
as it were, in pairs. In the South of Scotland 
the head of the Firth of Clyde on the west is 
only about 25 miles distant from the head of the 
Firth of Forth on the east. Similar pairs are 
the Mersey and Humber, about 80 miles apart, 
and the Severn and Thames, 160 miles apart. 
Communication between the eastern and westem 
seas by ship canal would consequently not be a 
very clifficult matter. 


geogniphi- 
r Britain. 



66. BRITISH COASTS AND A NORWBOIAN FIORD: 
A CX)MPARISON 




66 . THE BRITLHH IHIJ58 AWD THE SKA 
Showing the •cceMiWlUy of tite interior portitine to the tea 


PMitlon of Britain in Relation to 
the C^ontinent. Britain is a fragment of 
me mainlajid of Europe, cut off from France, 
her nearest Continental neighbour, by the sub- 
mergence of the Calais-Dovcr isthmus. The 
•bores of Prance are clearly seen from Dover, 
whioh is only 22 rnihw from Calais. Note also 
(1) that the estuary of the Itchin, or Southamp' 
ton Watstv opposite the estuary of the Seine m 
nortlieni P^can^ hoin which it is just over 


100 miles disUnt ; (2) that the estuaries of the 
Thames and Stour on the east coast of 
arc exactly opposite the mouths of the Rhine 
on the opposite coast of the North Sea, at ap* 
proximately the same distance ; and (3) that the 
estuary of the Humber further north on the 
east coast of Britain is opposite the estuary of the 
Elbe in Germany, thouA in this c^ the dis- 
tance is not far under 400 miles. Britain, there- 
fore, is insulated, but not isolated, as has been 
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Mki Her itleod poiitioii protect* ber 
against invasion land, and saves her many 
ooiIIy military bar^Uns. On the other hand, the 
warder aeas are not too broad for her to keep in 
touch with the mah^b of oiviliaation and ideaa in 
Europe. 

Bridging thn Bms. The estuaries which 
help communication by sea impede it by land. 
Some of theae have therefore been Imdged, 
and othem tunnelled. In Scotland the estuary 
of the Tay is brid(j[ed at Dundee by the Tay 
Bridge, over two nulea lon^ Further south the 
towc^ng Forth Bridge, If miles 1(^, unites 
the opposite shores of the Forth. The Menai 
Bridge connects Anglesey with the mainland. 
The^vera and Thames are both bridged and 
tunnelled. Various schemes are so^ostod for 
uniting the two sides of the Engliw Channel 
Of these a channel ferry is probably the most 
feasible. 

An Imaginary Map of Britain. If the 

sea round the British Isles were to rise 600 feet, 
the present islands of Groat Britain and Ireland 
would be transformed into an archipelago of 
many islands, laige and small, most of ^em very 
irregular in surface. Theae islands would 
represent those parts of Britain at present 
more than 600 feet hbove sea-level The seas 
separating them would represent the parts 
at present loss than 600 feet below sea-level 
Fig. 67 shows what the new map of the British 
Isles would look like. Beginni^ in the north 
we should have, where Scotland used to be, 
two large islands separated by a long, very 
narrow strait. These would represent the 
North-western and Grampian Highlands re- 
spectively, and might be called North Island 
and Grampian Island. The long, narrow 
strait between — a mere silver streak — ^would 
represent Glenmore — the Great Glen — the long, 
narrow valley at present filled by a chain of 
lakes oonneoted by the Caledonian Canal [67]. 
South of Grampian Island a stretch of broker 
sea, in places nearly 50 miles wide, covering 
the broad valley which has been riven by move- 
ments of the earth's crust between the moun- 
tains on either side, would be studded by 
islands representing the Camime Fells, the 
Oohils, and others. In the east a long, narrow 
island, representing the Sidlaw Him, would 
be separated from Grampian Island by a 
broadish strait representing the present vale of 
Strathmore. Still further south the mountains 
of southern Scotland, the Southern Uplands, 
would form a large, irregular island, separated 
from islands representing the norUiem uplands 
of Ihmland, by a narrow strait similar to that 
of Glenmore, and representing the present 
Eden and Tyne valkya. 

Imgglnmry lalmnds* The northernmost 
of t^iese English islands, NorUi Pennine 
Island, representing the mountains of Cumber- 
land and Westmoiian<jL and the Northern 
Penninea, wonkl be cot by deep arms of 
the sea, representing the Eden and Lane valleys. 
An extreme^ narrow strait, corresponding to 
the vfdley of the Aire, would separate Iwth 
from South Pennine Island. Off these, to the 


east, sepsrated by a broad strait coveiiK the 
present vale of York, would He a groupof iuandi 
rep res en ting the Yorkshire Mom a^ Wolds, 
while off the south-west would be a large 
compact island, repre s e nting the Cambrian 
Highlands of Wales, separated from the Sooth 
Pennine Island by a broad strait covering the 
p res en t counties of Lancashire and Cheshire. 
South of the Island of Cambria, and separated 
from it W seas somewhat broader than the 
prenmt [Bristol Channel would rise islands 
representing Exmoor, Dartmoor, Bodmin Moor, 
and other heights of Devon and^ComwalL 
Enatern Heights. The islands in the seas 
to the east of these islands — east of a line drawn 
on our present maps from the mouth of the Exe in 
Devon to the mouth of the Tee* in Northumber- 
land — ^would be small and far apart ; while east 
of a line drawn from the head of the Humber 


estuary to the head of the Thames estuary 
solitary islets would represent the hills of 
Norfo'k. Most of the islands of what we may 
call the English Archipelago would lie in roughly 
parallel lines, running from south-west to n<nth- 
east. The most northerly of these chains of 
islands would represent the heights, often rising 
steeply from the plain, which separate the 
basin of the Severn to the west from that of the 
Thames to the east, the highest being the 
Mendip Hills of Somerset, and the Cotswolds 
of Gloucestershire. The next chain, with their 
chalk cliffs, would represent the chalk heights 
of Dorset and Wilts, the Chiltem Hills, and the 
heights of Bedfoniihire and Cambridgeshire, 
while many of the straits between them would 
correspond with the vaUejm of the Thames and 
its tributaries. A orescent-shaped group of 
small islands still further south, also with dialk 
cliffs, would represent the present North and 
South Downs. 

In Ireland we should have two archipelagoes 
of islands of no great size, separated from eachc 
other by a Midl^d Sea at l^t 60 miles wide, 
unbroken by islands except in the west. The 
Northern Archipelago would include the moun- 
tains of Ulster and Northern Connaught, the 
Midland Sea would represent the midland 
plain, of which a line drawn from Dublin Bay 
to Galway Bay is approximately the southern 
boundary, while the islands of the Southern 
Archipelago would represent the mountains of 
Munster and South Leinster. 

The Actual Map of Britain. Com- 
paring this map with the present relief map 
of Britain we see that Great Britain, the huger 
ialcnd, cemsists of two very different portions 
divided from each other by a diagonal line 
running from south-west to north-east. North 
and west of this Exe-Tees line lies a hi ghUn ri 
region, with few lowlands. South and east of 
the Eze-Tees line is a lowland region, with law 
hi^landa. The highland region consists of 
older, harder rooks, and is routed in stmoture 
to the mountains of Scandinavia. The lowland 
region is formed of youngs, softer rooks, which 
have been worn away over a laigo port of its 
area, leaving the three Hnes of heists aheo^ 
mentioiied. This part of Great Britain is akin 
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Bfldland FIaIh of Scotland, where the popolatioo 
of the ootinta^ ia concentrated. In this plain, 
which extend, broken by numerous heights, 
from the estuary of the Clyde to the estuary of 
the For^ lie, as we should expect, almost idl 
the important towns of the county. 

To the south of it the Southern UpUnds widen 
out again, with coastal lowlands in the east 
and west. The eastern lowland narrows abruptly 
where first the Pentlands and then the Liam- 
mermuirs approach the sea, making Eklinbargh, 
at the base of the Pentlands, the of 8c^ 
land, and Dunbar, at the base of the Lam- 
mermuirs, the key of Edinburgh. The CheTiot 
Hills connect the Southern Uplands with the 
Northern Uplands of England. Thron^out 
this region the lowlands are chiefly associated 
with the river valleys. Notice the importance 
of these means of communication. The valleys of 
Annan and Clyde provide a direct route to the 
north ; the TVoea valley — the only populous 
part of the southern uplands — opens up the 
country from oast to west ; and a route to the 
south is affonlod by the valleys of the Teviot, 
a tributary of the Tweed, and of the Liddel, 
flowing to Solway Firth. 

The Lowlenda of England and 
Wales. The Tyne valley— or the Tyne gap, 
as it is often called — is a route between oast and 
west, between the Cheviots and the Pcnnines. 
Notice also the Eden lowland in the west, 
driven like a wedge between the Pcnnines and 
the Cumbrian mountains of Cumberland and 
Westmorland, and its importance as a route. 
The lowland of York, east of the Penninea. ia 
drained by the Ouse and its tributaries, one of 
which, the Aire, divides the Northern from 
the Southern Pcnnines. The Aire gap, like the 
Tyne gap, is all important as a route be tw ee n 
the lowlands east and west of the Penninea. 
West of the Southern Penninea, the Cheshire 
plain between the Penninea and the Welsh 
mountains opens from the central plain to the 
Irish Sea exactly opposite the Midland Plain of 
Ireland. It is oonsequently the most direct 
route between the coital A S^igland and the 
capital of Ireland. Wales has a coastal lowland 
continuous with the Cheshire plain, narrow in 
the north and west, but broadening out in the 
south along the northern shores of the Bristol 
Channel Towns and routes in Wales are 
chiefly in this coastal lowland and the valleys 
opening to it The southern lowland of Wales 
opens by tl\e Severn valley to the plain of 
Engla n d , the northern part of which ia drained 
by the Trent flowing to the Humber, and by a 
number of rivers flowing to the Wash, of which 
the Qneat Ouse may be noted. The aouthem 
cK^on of the plain, which is bn^cen by numerous 
hei|;htB, is drmned by the Thames snd its tribu- 
iartss, and by smaller rivers flowing to the North 
Sea mvi the English Channel 

Tliw LowlMda of IrolaniL In Ire- 
lana the Midland Plain is the chief lowland, 
running east sad west across the country. 
The othm^ lowlands run for the most part north 
and south, following the directicm of the rivers. 
In the north the towlands of the Foyle sad 
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Erne fApamte the moontaiiis of Done^ and 
Sligo on the west from the central heights 
Farther east, between these and the Antrim 
and Moume mountains, are the lowlands 
drained by the Blackwater and the Bann. Lt 
the west the Shannon, a river of the plain, 
outs its 'way between the mountains of 
Tipperaiy and those of Galway and dare, 
much as the Thames has done across the chalk 
heights of southern England. Look out in 
the map the lowlands of the Blackwater, east 
of the Kerry mountains of southern Ireland, 
the extensive lowlands drained by the Barrow 
and its tributaries, which separate the central 
heights of southern Ireland nom the Wicklow 
mountains, and the lowlands south of these, 
drained by the Slaney. 

Climate of the British Isles. Our 

climate is greatly influenced by the proximity 
of all parts of our islands to the sea, a circum- 
stance which makes our winters mild and our 
summers cool. The average, or mean annual 
temperature of the lowlands of England and 
Ireland is over 48® F., while in the Lower Thames 
valley, round the south coast of England, and 
in the lowlands of Cornwall and Devon, it is 
over 50® F. The January and July isotherms — 
».c., lines connecting places of the same avensge 
temperature in summer and winter respectively 
— remind us in many ways of the corresponding 
isotherms for the Continent [88]. In January 
the lines run, on the whole, north and south, 
independently, that is, of the lines of latitude ; 
in July they run, on the whole, east and west. 

Winter Tempera ttire. Taking the 

British isotherms for January, we notice at onoe 
the remarkable differences between east and 
west. Tlie line for 44® F. outs the extreme west 
of Southern Ireland and Cornwall. These 
parts of our islands are 6® warmer in winter ^an 
the coldest ^rts of the east coast of Great 
Britain. The line for 42® is, oil the whole, parallel 
hut it takes an upward bend over the St. Gsorm’s 
Channel, for the sea is warmer than the 4ana in 
winter. The rest of Ireland has a temperatore 
of 40®, but in Great Britain the only parts which 
are equally warm are the extreme west of Scot- 
land, Wales, and that small part of Ekigland 
which lies west of a line drawn from the head of 
the Bristol Channel to Southampton Water. 
The rest of Great3ritain has a January tempera- 
ture of under 40®. The coldest parts everywhere 
when height is left oot of account, are idf in the 
east, with a temperature of 38® or under. Notice 
that the eastern counties, from the to 

the Thames, are as cold as the counties round the 
Moray Firth, although they me much farther 
south. The extreme north-vpfit of Scotland 
ia warmer than the extreme aonth-eaat el 
E n gl a nd . This ahows that the distribution of 
winter teznperature is largely indepeiidaiit of 
latitude, llie all-important fufitor u the pre- 
valehoe of westerly or aouth-weateriy winda, 
which have been w a rme d by jnr**TTrg over the 
aurfaee of the Atlantic Ocean. They lei^ our 
western shores as warm winda, but aa they paaa 
east over the land they graduaUy^become cooled 
by oontaot with ita oold aozlaoe. Hehoa 



iem MTte erf oar idaiids 
are marii^y oolder than 
the west. 

Summer Tempera- 
ture. In enmmer the 
caae is roTened. The 
Lower Thames basin, 
which was one of the 
coldest regions in January, 
is the hottest part of Bri- 
tain in July, with a tem- 
perature of 64^. The rest 
of the English plain, 
except round the coast, 
has a temperature of 62°. 

The line tor 60° includes 
.he south-eastern comer 
of Ireland, the whole of 
Wales, and most of 
northern England. The 
line of 58° almost coin- 
cides with the north coast 
of Ireland, and follows 
the west coast of Scotland 
for a considerable dis- 
tance, curving gradually 
inland to the east coast 
near Aberdeen, North 
of this line the lines for 
66° and 66° are nearly 
parallel to c»aoh other. 

Only the Orkneys and 
Shetlands have a summer 
temperature below 55° F. 

In summer, therefore, the 
east is hotter than the 
west, but the south is 
hotter than the north. 

The relative coolness of 

the course, cumati of great BRiTArN; rainfaij., isotherms, and isobars 

^Uined by tte influence Xh« darker Ui. Itot. tb. heavier the ralafaU 

of tpo Atlantic winds, but 



we see that their influence is much less marked 
than in winter, when they blow more strongly 
and steadily. 

Adwantagea of the Britiah Climate. 

Our great climatic advantage is our mild 
winter. Britain lies far west of the isotherm 
of 32° F., the freesung point. Even in the 
coldest parts of our islands protracted frosts 
seldom occur, and the check to vegetation is not 
very considerable. Our ports are ice-free all the 
year round, as are our inland waterways. Our 


summers, though never o] 
warm enou^— except in 


hot, are 
tie extreme north — 


to bring wheat many fruits to per- 

fection. 

Diatrihutiou of Rain. The proximity of 
the Atlantic influences our rainfall no leas than 
oip summer beat and our winter cold. The 
winds which blow from that ocean — and they 
bk)w on an average for two out of three days — 
are loaded with moisture when they reach our 
western shores. As they blow all the year round, 
we have rain all the year round ; but they are 
*broiifest and steadiest in winter, which is our 
wettest season. As we should expect, the west 
is wetter than the east* Had the highlands of 


Britain lain to the east instead of to the west, 
the diilerenoe in the rainfall of oast and west 
would have been much less marked than at 
present. As it is, the highlands lie full in 
the track of the rainy winds, which part 
with most of their moisture on the windward 
slopes. 'The wettest parts of the British Isles 
are the Connemara and Kerry mountains hi the 
West of Ireland, which have over 60 in. of 
rain in a year, the highlands of Scotland, and 
the mountains of Cumberland, Wales, and 
Cornwall. The plain of England has a rainfall 
of under 30 in. 

It is interesting to compare the rainfall map 
of Britain with ^ temperature map for July. 
We see that the regiems with the hottest summers 
are, on the whole, the drier parts of the country, 
while the Wettest districts have the coolest 
summers. The effect of this on agriculture is 
very important. If the summers in the English 
plain were wet, neither cereals, hay, nor fruit 
would come to perfection. Hie western bigh- 

landsi ^ * ^ " 

almost 

eastern lowlands, 
west. Great Britain would have been in the 
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intercept just enough of the rain to provide 
t ideal agricultural conditions m the 
Had the lowlands lain in the 


ft fNuitorftl ooimtfy, with ft lem dmm 
popnlfttioii tbftB ftt present. 

iHwniui* Cpcloiiaft* mnd AntlcjrclottM. 

Deehmotive storms frequently visit our coasts, 
espeoiftUy in autumn and winter. The first 
of their approach is generally the fall 
of the iMurometer. This shows a diminution 
of atmospheric pressure when an area of low 
pressure, or an atmospheric depression, as it is 
called, is moving towards our islands. These 
depressions usuMly come from the westr-very 
rarely, indeed, from the opposite direction. As 
the depression moves onward, air is drawn in 
from all sides from regions of the atmosphere 
which are at a higher pressure, producing violent 
gales, blowing from all directions spirally inwards 
to the centre of the low-pressure area, which 
itself remains calm. If the depression is a large 
one, these gales maj|r last for several days, 
gradually decreasing m violence as pressure is 
equalised. Such a moving system of winds 
blowing inwards towards a calm centre is called 
a cycUme. In winter, when the temperature 
conditions on which the distribution of atmo- 
spheric proftsurt* partly depends are most unequal 
over the Northern JdomiMphere, cyclone after 
cyclone may occur for many weeks. When the 
track of the centre of the cyclone lies north of 
our islands, the winds over the British Isles 
blow from the south or west, and the weather, 
though wet and stormv, is mild. If the storm 
centre is moving south of our islands, we are 
swept by icy gales from the north or east. 

In an arUicyclotm the conditions are reversed. 
The winds then blow outwards from a calm 
centre of high pressure towards regions of lower 
pressure. When antio 3 mlones occur in winter 
our weather is fine, but intensely cold, owing to 
the loss of heat by radiation in the calm, cloud- 
less nights ; on the other hand, when they occur 
in summer, our weather is calm, warm, and 

^t^agetntion. Britain lies naturally in the 
temperate forest area. The whole of the low- 
lanos were once covered with dense forests, 
oomposed in the south of oak, elm and beech, 
mixM with conifers in the north. Traces of 
this vanished mantle of forest remain in such 
patches as Epping Forest or the Forest of Dean, 
•ad in such names as Ettriok Forest or Sherwood 
Forest. To-dav only about 4 per cent, of 
Britain is woodland, 50 per cent, is in crops or 
grass, 90 per cent, is grazing land, and the 
remainder consists of mountains, water, roads, 
9tc. Amoultural land is found chMy in 
England and Wales, of uiiioh three-quarters and 
IhM-fifths respectively are under cultivation, 
in Scotland and Ireland ooly about one-quarter 
is cultivated, and gracing is much more import- 
ant, employing one half of the total aaresM ^ 
both. In fi^land less than one-tenth is 
land, imd in Wales only one-quarter. 
TUdng Great Britain onW, and examining these 
figures, we should conclude that the ration 
between afpioultuial and gracing land depends 
dhiefiy on w distribution of relief, the lowlands 
being sgricultural, and the hi^ilands jpastoral. 
And this is quite true. It is true, honsever. 


laifely because the bighkncls are wetter, as we 
majr see l^ compering the figures for SwUand 
end Irelsnd, which differ grMtly in relief. For 
the same reason, we find a difference even in the 
lowUmds of England, agricalture being more 
important in the drier east than in the wetter 
west. 

IMlla, The distribution of agriculture no 
doubt depends also on soil, and this ajp^iu on the 
character of the underlying rocks. We saw that 
the hig^ands of Britain consist of old and very 
hard rocks, which weather slowly, forming but 
little soil, most of which rivers carry down to the 
plains. V^ere the rooks are softer the soil is much 
deeper, and of a very mixed character, consisting 
not merely of the waste of the rocks immediately 
below, but also of rock-waste of many different 
kinds brought down by rivers and by the long- 
vanished glaciers which once covered a great part 
of our islands. [See Gsolooy : The foe Age.”] 
The local variations are, nevertheless, very great, 
and every eye detects the difference, for example, 
between the white soils of the chalk districts of 
Sussex, or of the limestone districts of Gloucester- 
shire, and the rich red earth of the sandstone 
districts of South Devon. 

Chlwf Cropa. The chief crops are cereals. 
Wheat and barley are grown in the south-eastern 
counties, and in the east of the midland plain of 
Scotland. Oats and barley are grown on the 
poorer, higher, or more northerly soils. Root 
crops are cultivated everywhere, but not on the 
best soils. Potatoes are important in the liigher 
and wetter a^icultural districts, and are the 
staple crop in Ireland. Hops are ^wn in 
WoroCstenmire and the southern counties, those 
of Kent being specially famous. Fruit is less 
grown than it should be, especially by the 
peasantry, who thereby miss a source of profit. 
Apple orchards and fruit farms are important in 
the southern counties, particularly in Kent, 
Devon, and the Severn basin. Flax is growei in 
the north-east of Ireland, but not so commonly 
as 30 years ago. Many useful crop8,«suoh as the 
sugar beet, are not grown at all. English agricul- 
ture, as a whole, suffers from our land system, 
the lack of technical education, and the reluct- 
ance to adopt the co-operative methods wiiich 
ensure suooeM in other countries. 

The Pasture L»aaila. These are of two 
kinds — the moist water meadows of the lowlands 
of western England and Ireland, which are suit- 
able for the finest breocb of cattle, and the 
poorer, less succulent pastures of the uplands, or 
highlands, which are not rioh enough for cattle, 
but suit sheep. Broadly speaking, cattle are fed 
in the lowland and sh^p on the hills. 

Cattle are bred both for beef and for dairy 
purposes, the latter requiring the richet 
pasture. The Shorthorn breed k suitable for 
both purposes. Ayrshire oatlle, and the breeds 
named nom Jersey, Guernsey and Aldera^ 
are primarily dairy cattle. 

In England cartle are moat numecoos fomid 
the weatembaseol thePemiines — in Laneashxre, 
Cheshire, and Staffordshire, in Leiceetendiire, in 
the Midlands, in Somerset, Devon (famcMis lor its 
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qnafried far buflding round Aberdeen. The 
▼ibriotu Mndstoncfi and lime«tone« altto make 
good bnild^ Btones, and limcetone is burned 
tor lime. Slates are quarried in the mountains 
of Wales. Cumberland, and the North of England 
gteierallv. Some rooks, like those of Caithness, 
are nsea for paving ; others, like those of Port- 
land, for csemont ; and new uses are frequently 
discovered. In recent y<*ars a quarry near 
Oxford has furnished material for a famous 
polishing soap. In the plains clay is used for 
making bricks, or, if of sufficiently fine quality, 
for pottery. 

Coal. Of all the products of the earth's 
omst coal is at present the most valuable. It 
is used to generate steam for motive power, 
and our industries depend on a cheap supply of 
this indispensable fuel. The coal measures lie 
above the oldest, but below the younger rocks, 
and can 1)0 worked only when some accident 
brings them near the surface. In parts of the 
British Isles the crust of the earth has been 
throvm into waves bv the action of internal forces 
raising the highland regions. In many of these 
the upper layers of rock have been worn away 
in the course of ages, leaving the coal measures 
exposed in plaetrs, so that they can l)e reached 
by l>oring through the surface soil. In the 
Pennines not merely the younger rocks, but the 
coal measures also have disappeared from the 
summit, llicy remain on l)oth flanks, forming 
the important ooalflelds of norlhom England. 
Coal is sinularly exposed round the eastern and 
southern margin of the Welsh Higidands, and in 
some yiarts of the Midlands. Over most of the 
English plain the coal moasurf^ are buried 
l)eneath younger rocks, and cannot be worked. 
In Scotland the coal mcasuiXM) remain in the 
trough of the midland plain, forming coalfields 
which extend almost continuously from the 
Clytlo to the Foilh. In Ireland the coal mea- 
sures liave disapp(»nred, except in a few isolaU^l 
patches. Much of the country is covered with 
peat bogs, which supply the only available 
fuel. 

Iron nnd Other Minemle. Next in 
importance to coal is iron, which occurs in many 
different forms. The purest quality, known as 
red hematite, is found in the western Pennines. 
The less pure. brf>uTi hematite, is abundant 
round the margin of the Welsh Highlands, in 
Northamptonshire, and in Antrim. Other ores 
art' very common in or near the principal coal- 
fields, tne most important being we black band 


ironstone of Scotland and the ores of the 
Cleveland hills of Yorkshire. 

liead is worked in the Southern Uplands of 
Scotland, the Pennines, the mountains of Cum- 
berland, Wales, and the Isle of Man. and in the 
Wicklow mountains of Ireland. Zinc occurs 
occasionally along with lead ; oil shale is 
common round Edinburgh ; salt is mined 
in Cheshire, Worcestershire, and Durham, and 
copper and tin arc still worked in Cornwall 

Principal Coalfielda of Britain. The 
coalfields of Britain [69] fall into four groups : 

A, The Scottish Coalfields : 

1. The Ayrshire Coalfield. 

2. The Cmtral, or Forth and Clyde Coal- 
field. 

3. The Fife Coalfield. 

4. The Midlothian Coalfield. 

The chief manufactures on these coalfields 
are iron, shipbuilding, and textiles. 

B. The Pennine (Coalfields : 

6. The NorthumlxTland and Durham, as- 
sociated with the iron manufacturt* in all 
its l)ranches, including engineering and 
shipbuilding, and chemicals. 

6. The CumWrland (Coalfield, associated 
with, iron-smelting. 

7. The South Lancashire CJoalfield, associ- 
at'd with the cotton manufacture and 
with iron and chemical industries. 

8. Tlie North Staffordshire Omlfield, as- 
sociated with the pottery industry. 

9. The York, l>erby, and Nottingham 
Owilfield — the richest — associated isnth 
woollen, iron, and lace manufactures. 

r. Tlie Coalfields round the margin of the 
WVlsh I^hlands; 

10. Tne North Wales Coalfield, associated 
with the manufacture of salt and 
chemicals. 

11. Tlie Middle Severn Coalfield, associated 
with iron, i)ottery, and wooUen manu- 
factures. 

12. South Wales and Forest of J)can Coal- 
field, chiefly engaged in smelting. 

D, The coalfields of the Midland Plain, sur- 
rounded by younger rocks : 

13. The Midland Coalfield, associated with 
the iron manufacture. 

14. Tlie Bristol Coalfield, associated with 
the wooUen manufacture of the West of 
England. 

.Ml these manufactures are more fully treated 
in the articles on Ck>MMJUtciAL Gsogbapuy. 
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QualifloaliaM. It will be erident 
bom what hee been eatd of the town-clerk*e 
dotiei that a wide expertenee of mnnictpai 
matten it of even greater importeace than a 
purely ^gal training. The average eolicitor or 
barrieter of ten years* atanding, if euddenly 
tranalated to the position of town-clerk, would 
find bia padded oifioe-chiur a veritable bed of 
thorns. Looal government work has apecial 
requirementa which can onlv be met by years 
of practice in a municipal office. But men 
thus qualified often win Wding appointments 
hi an early age. 

The town'clericship to the City Corporation, 
for example, which is perhaps the premier 
position of its kind in the kingdom, is held by a 
brilliant young lawyer, who when elected was 
only 35 years old ; yet his previous municipal 
record included several suterdinate positions 
and some seven years* experience as chief of 
the Lotoester staff. The Rochdale appointment 
was won by a solicitor of 38, who had also held 
both deputy and principal rank. The town- 
clerks of Bolton and Bexhill were but 32 when 
appointed ; and the T3memouth official, having 
b^me a deputy town -clerk at the age of 26, 
and a town-clerk only a year later, gained his 
present valuable post when only 30 years of age. 

The Best Beginning. We have already 
seen that a number of town -clerkships are 
held by barristers and by non-law3rer8, and 
Uiere is nothini^ to prevent town councils 
from making similar appointments in the 
future. But they appear to be increasingly 
reluctant to do so, and a careful study of manv 
successful town-clerks’ careers makes it abunci- 
antly clear that in order to enter this branch 
bf the service under favourable auspices it is 
most desirable that a candidate should begin 
bis training as articled clerk to a solicitor 
holding an appointment as clerk to a local 
adthonty. To a considerable extent at least 
the town-clerk is made rather than bom ; and 
the formula for success may be express^ as 
abilitv plus municipal training plus p^fessional 
qualification. A rarther argument in favour 
of the last item in this formula may be found 
in the practice followed by many minor 
authorities of combining the appointments of 
town-clerk and solicitor m one official. 

Not n ** Cloao ** Cnlling. The reader 
must not conclude, however, from what has 
been said that town-clerkships form a close 
preserve, as it were, shut on by a rii^^-fenoe 
trom those whose oircumstanoes prohibit their 
becoming articled clerks in their teens. There 
is too much wholesome competition in the 
service to permit of this. A number of men 
have enterM the town-clerk*s department as 
*^d junior assistants, and on promotion to 
&ie gnaie of committee deriL, or assistant town- 
(dark, have shown such aptitude for their work 
ihat they have been given their articles undw 
\be town-derk or his deputy whilst retaining 
their salaried poets. In this way the defect 
of a non*profemional start is most readily 
oured; hot its aohievement is onty possthb 
by fibs goodwill of the council and thdr chief 
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officer, and is too uncertain a method to be 
deeirahle, if artiolee can be obtained earfier in 
the usual way. Moreover, es many an over- 
woiked official has discovered to his oost^ it is 
extremely arduous and difficult to prepare for 
professioi^ examinations whilst occupied all 
QSkj with Uie anxieties of a reeponaibie poet 
Resolute and energetic men, however, are not 
debarred by these considerations. Recently a 
bogy Midland corporation promoted to the 
premier position an official of twelve years* 
standing who had passed through the grades 
of junior committee clerk and assistant town- 
clerk, and whose articles, at the time of his 
appointment as town-clerk had not expired. 

Deputy and Aooiotant Town- 
clerko. What has been said on the question 
of training for town-olerkships renders it un- 
necessary to discuss at any len^ the grades 
from which they are mainly recruited. Assistant 
and deputy ra^ are the successive steps by 
which we majority of principals have ascended 
to their positions. These subordinate posts are 
often filled by the promotion of able committee 
and office clerks, for many of whom they repre- 
sent the highest positions attainable in the 
absence of a legal training. On the other hand, a 
solicitor who has served his articles in a munici- 
pal office seldom has any difficulty in obtaining 
as soon as he is admitted either an assistant 
town-clerkship in an important borough or a 
deputyship in a smaller one. His salary in 
either event will probably begin at £150 or 
£175, and rise to £300 or £350, with or without 
the right to practise privately. On securing 
deputy rank under a busy authority these 
figures may be doubled at least. Thus, War- 
rington pays its deputy town-cleA £250 a year, 
Bolton Bradford £500 — rising by £25 

vwly to £750 — and Manchester £1,000. The 
higher posts, however, are mostly restricted 
to qualified soboitors. The Bradford appoint- 
ment mentioned, f6r instance, is coupled with 
the duties of assistant solicitor, and %as offered 
under the following conditions : 

** Candidates must be thoroughly experienced 
in looal government law and practice, and have 
an intimate knowledge of the work oi a town- 
clerk's (or equivalent) department in a large 
district, including oemv^anotng and common 
law, and most alro be fuUy competent to act as 
advocate in conducting important cases before 
maratrates, etc.*' 

Clnrkn to the County Coundln, 
Both in value and in the speo^ training ex- 
pected of candidates, these posts much resemUe 
town -clerkships, but are naturaOy far fewer in 
number. Th<ty afford s wide gradation of 
salary, from the £350 paid by the Isle of Wi^t 
to tlm £2,000 with duoh the County of London 
rewards its diatingQiahed dark. It la uaual to 
advertise vacancies inviting apptioattoos from 
eolioitora and barristers ody. In praottoa a 
candidate dio was not wdl tndned in the special 
requirementa of oofonty law and adminiatratioa 
would have no ehanoe ol auooeas. For these, as 
lor the town-dmk’s offiea, the best traming la 
afforded fay a depntyahip. 





time and aboriginal or eternal infiiiity, or 
between our created world and the lounoaour- 
able and inconceivable univerae of pre-human 
extfltencc/’ Milton’a ** Ode on the Morning of 
the Nativity,” written in his Cambridge days, 
oonveyfsd the theory that the pagan gc^s wc5re 
faUon angels. ” Paradise lx>st ” deals with the 
Rebellion in heaven, the Creation, the Tempta- 
tion, and the Fall. But that Satan is the hero 
wo bog to disbelieve, despite even Professor 
Masson's dictum. Milton was too full of 
humanity — witness his twenty ytjars of patriotic 
service — to idealise the Evil One. It is man 
himself he sings. Certainly, the deepc^st interest 
attaching to both ” Paradise Lost ” and 

Paradise Regained ” is inspired by the study 
of the character of Satan os the tempter of man 
and the tempter of Christ. But this interest 
arises from the ohjtcl^ or aubjed, of each encounter. 
The* lesson derivable is twofold. On the one 
hand, wc arc brought to a consideration of the 
misuse of a Divinely given freedom ; on the 
other is enforced tlie conclusion that God is 
“Grace Abounding” Of “Paradise I^t” 
Coleridge said that “ no one can rise from the 
penuuil of this immortal j>o<»m without a deep 
sense of the grandeur and purity of Milton’s soul.** 

** Samaon Agoniatea/* This was Milton *s 
last work, and is a drama on the Greek model, 
founded on the Book of Judges, but, os the 
author expressly states, not designed for the 
stage. It is the work of one u'hose cause hod 
been nobly fought for, and hardly lost. The 
th(mghts uttei^ by Samson came from the 
heart of the pot^t who wrote them. The work 
is severe in style, but derives its highest 
value from the parallels it offers between 
the lives of Samson and Milton himself. For 
our pres<mt purpose what we wish especially 
to emfdiasise is the importance of the study of 
Milton’s work to all who aspire to the proper 
and most effective use of their mother tongue. 
To Milton may be ascribed Spenser’s eulogy of 
Chaucer as “ a well of English undefyled.” He 
had, like Achilles, one defect : he had no sense 
of humour. 

Somw of Mllton*a Contemporariea, 
Thomas Randolph (b. 1605; d. 1634) need not 
detain any but the advanced student. Edmund 
Walxjbr (b. 1606 : d. 1687) lives as the author of 
“ Go, lovely Rose ” and “ lanes on a Girdle,** 
lyrics which, as Waller's latest editor, Mr. Thom 
Drurjr, says, “ might almost be chosen from 
English literature to serve as the examines of 
the charms of simpheity and direotnees.** 
Sm John Suokukq (b. 1609; d. 1642) is save . 
from oblivion by a sonff, “Why so pale and 
wan, fond lover T ** and a oallad upon a wedding, 
beginning, “ Her feet beneath her petticoat. 
Sm Riobakd Lovblaob (b. 1618; ± 1668) is 
the author of a poem, “ To Althea, Prison,** 
the first two linee of the last stanza of which 
are fairly common property ; 

“ Stone walls ao not a prison make. 

Nor iron bars a cage “ 

Ricraju> Ceashaw (b. 1613; d. 1649), a trans- 
cendentalist, and author of “The Flaming 
Heart,** is reeponaible iot the fiumliar phrase 
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“ That not impossible she.” Sot 
(b. 1615; dL 1669) is the author of a 
templative poem. “Cooper*8 Hill/* 
supplies an early mod^ of the rhythm;^’ 
couplet. Abraham Cowlxy (b. 1618; d IrnTf 
was another of Dryden’s predeccesors. To-day 
Cowley is chiefly read for his prose, though, m 
his own lifetime, he was one of the most popular 
poets of the day. He belonged to what Johnson 
called the ** metaphysical ** school of Dmme, 
of which we have already heard in our 
Elizabethan studies. Cowley’s “ Pindaric Odes ** 
prompted the “ Alexanders Feast ** of Dryden, 
Samuel BuTbsa (b. 1612; d. 1680), in his 
inimitable satiric poem, “ Hudibras,** which 
was written in r dicule of the Puritans, displays 
much learning as well as wit. Andrew 
Marvell (b. 1621 ; d. 1678) was a friend 
of Milton, played the part of laureate during 
the Protector*8 life, and wrote a “Horatian 
Ode upon Cromwell’s Return from Ireland,” 
which Trench specially commends to English 
students of Horace. Marvell’s lines on the 
“ Emigrants In the Bermudas ” are even better 
known than the Horatian ode. Henry Vaughan 
(b. 1621 : d. 1693) has been aptly styled a 
“George Herbert n worsted stockings.** 

John Dryden. We now come to a name 
secondary in importance to that of Milton 
only in the period under review. John 
Dryden (b. 1031; d. 1700) is England’s 

greatest satirist in verse. His influence upon 
his contemporaries was tremendous. His 
critical deliverances are reverenced to-day. He 
excelled as a dramatist and as a writer of 
prose. For the moment, however, wo have to 
concern ourselves with his poems. One of the 
first of his characteristics that strikes one is his 
alertness to the s'gniflcanoe of events in the 
world outside of the library. Witness his 
“ Annus Mirabilis ” (the “ wonderful year *’ of 
1666), wherein he celebrates the EInglish victories 
over the Dutch at sea and the lienefits of the 
Great Fire of London. * 

In “ Absalom and Achitophel ** Dryden 
directed the whole weight of his powerful 
intellect iq the undoing of the Earl of Shaftes- 
bury’s scheme for inducing Charles II. to nomi- 
nate his illegitimate son the Duke of Monmouth 
as his successor to the Throne against the lawful 
claim of the King’s brother James, who was a 
Romanist. At this time, it should be remem- 
bered, Dryden, though soon to adopt the 
Romish &ith (see “The Hind and the 
Panther”), was strongly Protestant, as may 
be proved by reference to the woik that followed 
“Aboalom and Achitophel” — “ Religio Laici.” 
Taking as his model the stoiy of Absalom’s 
revolt against David — as Milton bad taken his 
models from the Bible for ** ParadiBe Lost ** and 
“ Samson Agonistes ” — Dryden named the 
various parries to the Monmouth plot after the 
diaraoters in 2 Samuel. The portrait of 
Shafteabi;^, beginning 

“ In friendship false, implacable in hate, 
Resolved to ruin or to rule the State.” 
is the most telling example of passionately 
concentrated poetic portaraiture in our literature. 



l^oetlc l^ow0r. Three other 
worlu by Dryden exhibit his aplendid l3rrical 
ability— the “Ode to the Memory of Mrs. 
Anne Killigrew,’' described bj^ Johnson as “the 
noblest in our language/ the “Song for 
St. Cecilia's I>ay/' and “ Alexander's Feast." 
Dryden's translations from Homer, Vergil, 
Ovid, Juvenal, and Boccactno, are subjects for 
advanced study. One of his chief claims to our 
attention is that directness and masculine 
vigciur of his language which almost any half- 
dozen linea of his verse would illustrate. 
“ Amid the rickety sentiment looming big 
through misty phrase which marks 
so much of modem literature," 
writes James Russell Lowell, “ to 
read l>ryden is as bracing as a 
north-west wind. He blows tlie 
mind cliiar. In ripeness of mind 
and bluft heartiness of expression 
he takes rank W'ith the liest. His 
phrase is always a short cut to 
his sense. He had beyond most 
the gift of the right word ; and if 
he does not, like one or two of the 
(ireek masU'rs 
of song, stir our 
sympathies by 
that indefinable 
aroma, so magi- 
cal in arousing 
the subtle asso- 
ciations of the 
soul, he has this 
in common with 
the few great 
uTiters that the 
wingtMl seeds of 
his thought im- 
lied themselves 
in the memory, 
and germinate 
there.^’ • 

The Prin* 
cipal Poets 

between Dryden and Pope. 

John Oldham (b. 1653; d. 1683), 
the son of a Nuneaton Noncon- 
formist, was a writer of trenchant 
satires against the Jesuits. Mat- 
thew PmoR (b. 1664; d. 1721) 
wrote a clever parody of Dryden ’s 
“ The Hind and the Panther," 
called “ The Country and the 
(’ity Mouse." His muse, as 
Hazlitt says, w'as “ a wanton flirt." His poems 
and lyrics are marked by an easy air of 
abandonment, but have at least the merit of 
originality as well as wit. Joseph Addison 
(b. 1672 ; d. 1719) wrote poems and a tragedy, 
“ Cato," which Voltaire greatly admired, but 
his viei^ on poets — his work, for example, in 
popularising Milton — and his essays, are the 
chief things by which he is known to-day. 

Nicholas Rowe (b. 1674; d. 1718) translated 
Lucan's “ Pharsalia," and wrote the stOl effective 
drama of “ Jane Shore," bat is best remem- 
beted aa a biographer and editor of Shakespeare. 
w 
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Thomas I^arnell (b. 1679 ; d, 1718), author of 
“The Hermit" and “The Fairy Tale," aidtxl 
Pope in his translation of the “ Iliad," and 
wrote an “Elegy to an Old Beauty," of which 
one line is often quoUd : 

“We call it only pndty Fanny's way." 
Edward Youn(} (h. 1683 ; d. i765) was a 
far from admirable character. His “ Night 
Thoughts" have all the gloom hut little of 
the grandeur of " otherworlalmess ” John (»ay 
( b. 1685 ; d. 1732) was the author of several 
driightful songs. “ 'Twas when the stnis were 
roaring," " Molly Mog,'’ “ Swmit William h 
F art*well to Blivck-eytd Susan," 
arti among them. 

Alexander Pope (h. 1688; 
d. 1744). PojK^ tells us that 
" Ah yet a child, now yet a 
fool to fame, 

I lisp'd in numhers, for the 
numlwrs came." 

Many critics maintain that they 
came too easily. Thest' are tlu'V 

who hold that Pofs^'s }x)ltsli is an 
much a proof of his unp(Kdic soul 

as W)i it man 's 

ruggedncKS of 
his. Po|>c was 
obviously in- 
fluenced I » y 
Dryden. But 
Mr. (li>ss(‘ in- 
sists on Po|x’'k 
great ind(d)te(b 
ness to Hoi lean, 
" Tile Fn*nch 
satirist had re- 
c o m m e n d e d 
polish, and no 
^ om^ pra<’tiHed 

* it nn>re tho- 

' roughly tlian 

P o p o did. 

WILLIAM L’OWI'EK H » 1 <* u u dis- 

(’ouragwl lov(^ 
poetry, and PojK'did not seriously 
attempt it. Boileau parapltrasc d 
Horace, and in so doing formulated 
his owm fKxdical ciKle in * L’Art 
Poetiquo Pope did the same in 
the ‘Essay on Oiticism.’ "Mr. (iosse 
carries the parallel much furtlier, 
though this grass far indeed, and 
English jKietry must admit a great 
debt to tho French writer who, 
at an important moment in its development, 
inculcated in his English jiupil purity and 
decency of phrase. Pope has a spotuaJ 
interest for readers of the Self-Edu<’a1or. The 
son of a London linen merchant, he was ex- 
cluded from public school and university by 
reason of his father’s religion ; and the result 
was that he was largely self-taught and self- 
oultivated. 

Pope*E CbaracleriEticE. What did he 
do ? Much by which wc are able to judge his 
time. “ He did, in some not inadequate sense," 
writes LoweU, “ hold the mirror up to Nature. 
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It vrtm A mirror in a djnming-wooBi, Ib^t it giivn 
back A fAithful imAge of Aociotgr, powdored Aod 
rouged, to he sure, And intent on triflee, yet, 
etill, AA huoun in ite own WAy as the heroes of 
Homer in theirs.’* Hts won oontAins groAt 
thoughts. They Are for the most pert ge^ not 
of his own mmd but gems reset, Acbnittedly 
with skill. And therefore of permsnent velue to 
those unfAmi^Ur of their ori^. He was a poet 
of infinite descriptive Ability And some eloquence, 
ohiefiT sAtirioAl. Like Byron, be was a cripple ; 
and his afBiotion affect^ his outlook on the 
world. His “ Essay on Criticism” was written 
out in prose before he was twenty yean old, and 
then versified. It has been described as ’’ un- 
questionably the finest piece of argamentative 
and reasoning poetry in the English language.*' 
Professor SpMcUng says : None of his works 
unites more happSy regularity of plan, shrewd- 
ness of thought, and beauty of verse,’* For 
beauty ** read clarity and vigour. The 
Essay *' is the one work of Pope’s with ndiioh 
the young writer should make himself familiar. 
Profmor Courthope has invited attention to 
the remarkable analogy presented by the 
poetical career of Pope to the contemporary 
change in the English Constitution and the 
parallel ascendancy of Walpole in politics; 
and maintains that Pope gave to the couplet 
as inherited from Dryden a polish and balance 
which perfected its capacities of artistic ex- 
pression, perhaps at the expense of its native 
vigour.” Judged by what he was and what he 
did, not by what other poets were and 
what they did. Pope will be found to fill a 
definite and not undistinguiahed position in 
the evolution of English letters as they reflect 
English life. 

Thomson, Omy, and Goldsmith. In 

the poetry Jamss Thomson (b. 1700 ; 
d. 1748) is heard an echo of that of Spenser. 
This echo is oharaoteriatio of much of the poetiy 
of the eighteenth century. Thomson ilSorik 
relief from the works of Pope hy singing of 
Nature sincerely, if in a somewhat afieotedsti^ 
His chief poems are *’The Seasona” and *-l1ie 
Castle of Indolenoe,** which prepare the way for 
the beautiful odes oi Wiluam Goluns (b. 1721; 
d. 1769) and the scholarly writings of Thomas 
Quay (b. 1716 ; d. 1771), whose ^£1^ writtm 
in a Oountiy Churchyaiti” (Stoke 1^^) did 
for ** the rude forefatners of the hamlet ” what 
Pope acoon^lished for the fashionable f^ of 
the town. Gray wrote little, but what he wrote 
was written supremdy well He was a man 
leisure and refinement, the son — ^like Ifilton— of 
a scrivener. He drew inspiration from Milton 
and Dryden, and is one of the harbingers of 
Wordsworth. Mention may here be nuuie of 
Robxby Blaih (b. 1699 ; d. 1746), who wrote a 
sombre poem called ** The Chave ** ; Wiluam 
Shbkstohh (b. 1714 ; d. 1763), idiose ** School- 
mistress” is a tmder tribute to a Laasowes 
teacher, Sarah Lbyd ; Mau Akhnsidi (b. 1721; 
d. 1770), whose ” Pleasures of the Imaginati<m** 
is a poem too dull and too didactic in character 
to appeal to the modem nader ; and Ouvan 
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Oolhskiyh (b. 1728 ; d. 17741, a name ttftiyslkh 
aUy bdoved-~>and, in truth, mat of a dtizen of 
no one oountry, but of the worid. Let none 
apply too soomfully or careleesfy the term 
'M^ksdler’s hack,*^ for Gokkmith^poet of 
” The Deserted Village,” writer of that inimit- 
able novel, “The Vicar of Wakefidd,** and 
author of equally delightful comedy, “ She 
Stoops to Conquer *^— was a bookseller’s h^tk, 
Gokumith had, in generous zneasnre, the saving 
grace of humour, with infinite tenderness and 
mraoelnl delicacy of thought “ No writer in the 
uuiguage,” says Professor Mssson, “has ever 
suipassed him, or even equalled him, in that 
witching -simplicity, that gentle ease of move- 
ment, smnetimes careless and slipshod, but always 
in perfect good taste, and often delighting with 
the subtlest turns and f^oitiea, which critioa 
have admired for a hundred years in the diction 
of Goldsmith.” In some respects he touches 
the heart of man, and especishy of the literary 
man, more surely even than Charke Lamb doea. 
Ireland, that gave us a Swift, also gave us Oliver 
Goldsmith. Ahe fact is one to be held per- 
petually in grateful remembrance. 

WllllMinCowpwr(b. 1731 ; d. 1800). Cowper 
makes his appeal to young England in the nursery. 
Where is the English ohim who has not treasurra 
the ballad of “ John Gilpin ” T Cowper missed 
the sweet influences of a mother’s love. He 
laboured from infancy under the diaabilities of a 
weakly frame, and for a time under the terrible 
burden of insanity. His first masters were 
Milton and Cowley ; his music was also insinred 
by the works of^omson. His initial esaays 
in verse were written under the personal influsnoe 
of the Rev. John Newton, curate of Olney, in 
BuokinghanuJiire, a man of melancholic tempera- 
ment and a converted slave-trader. Cowper’s 
sad experiences of public school life are reflected 
in his “Tirocinium; or, a Review of Schools.” 
How his famous didactic poem, “Ihe Task,” 
came to be written makes a charming story of 
woman’s influence. Cowper, oheer^ by the 
sympathetic friendship of Lady Austen, had 
written the ballad of John Gilpin,” after Lady 
Austen had recounted the legend to him ; and 
she then asked him why he did not try blank 
vers e. “ I will,” he replied, “ if you will give 
me a subjeot.” “ Oh,” was the rejoinder, “ yon 
oan write on any subjeot. Write oa this 
sola.” This was toe germ from which sprang 
“The Task.” Thus succinctly Arnold has 
indicated Cowper’s treatment of Lady Austen’s 
theme : “ After having come down to the 
creation of the sofa, fancy bears him away to his 
school days [at Westminster], when he roved 
along Ihames* bank till thed, snd needed 
no wfa when he returned ; th^ he becomes 
dreamy, traoee hie Ule down the stream of time 
to the present hour, noting what has made him 
happy , stilled his nerves, etrengthened his health, 
nuia his nnrits, or kept mm si least tram 
sinking ; snd finds that it has been eiver the ires 
communion with Nature in the oountry.” Many 
ehanning descriptive passages are in te rw oven m 
sBthm 



1% k In "Him TMk** thftt k IcMiiid the 

<i|lMi-<|iiotod li&0 ; 

**GM made the ooaniry* and man made 
the town.** 

Cowpwr*n Contw tpomri — . Among 
theae were Jans MAoraxBsoN (b. 1736 ; 
d. 1796), the reputed anthor of “ Omian ’* ; 
nwAmt.Tn CmmcHiix (b. 1731 ; d. 1764), author 
of the aatirioal ** Pro^pAieojr of Famine ** ; 
IficauKL Broob (b. 1746 ; d. 1767), who wrote 
that delightiul l^o, ** 0^ to the Cuokoo *' ; 
and Thomas Chattrrton (b. 1752 ; d. 1770), 
who wrote the ** Row]^ Forgeries ** at theageof 
sixteen. 


“ The marvellous boy. 

The sleepless soul that perished in his pride t ** 
Cbatterton oame to London full of hope and 
ocmfidenoe in his extraordinarily precocious 
powers. He died of starvation and poison in a 
wretched garret, and was buried in the paupers' 
pit of Shoe Lane Workhouse. 

Robmrt Burnn (b. 1759 ; d. 1796). Soot- 
land's national bard was a poet of the people, 
who wrote for the oeople. It was Professor 
Blackie who declared on his deathbed, '* The 
Ptmlms of David and the Songs of Bums — 
but the Psalmist first." These words, said Lord 
Rosebery on a memorable occasion at Paisley 
(1896), contain the secret of many a Scottish 
character. "To Bums," said Lord Rosebery, 
" we owe it that we canny, long-headed Soots do 
not stagnate into prose. His genius and 
character are the Gulf Stream which prevents 
our freezing into apathy and material life. . . 

He never fails us. We rally re^larly and 
constantly to his summons and his uirine. His 
lute awaikens our romance, and charms the 
sunless spirits of darkness. He is the influence 
that maintains an abiding glow in our dour 
character." Bums followed no " master " 
and founded no " school." He stands alone, and 
in ttis own domain is without a rival. For the 
best interests of literature let the young student 
study suck poems as " The Cotter’s Saturday 
Ni^t," " To Mary in Heaven," " To a Mountain 
Daii^," " Robert Brace’s Address to His 
Army," " To a Mouse.” " HaUowe’en," " Tam 
o* Shanter," and " The Jolly Beggars," and leave 
the story of the poet’s bfe for more mature 
consideration. From the works named may 
be sained sufficient insight into the humanity, 
the tiumour, the pathos, and the lyrical genius 
of their author. The songs of Bums must 
i^ppeal to all. are rich and rare. " The 

Banks o' Doon," " Green Grow the Rashes 0," 


**The Birks of Aberfeldy," " Jdin Anderson," 
^'Highiand M^,'* " Heart's in the High- 
lands,’* " Auld L^ Syns,** ** For a' That and 
a* Thai," " The lim o' Ballochmyle " — those 
are part of sve^ Scotsman's birthright. But 
the poetry of Bums is not only a Scottish 
possession, it enters into the sohom courses and 
plays no insi^ificant part in the formation of 
the British character. 
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RATIO AND PROPORTION 

Chain Rok. Unitary Method. Proportional Pnrta. 
Percentafe Profit and Loan Exampka and Anawera 


By HERBERT J. ALLPORT. M.A 


105. Th#* ra/i^> of tm<* quantitv to another of 
tfw mame kind in th<* nufnlit*r of the fimt 


TTi© firwt ratio in 


21 Ib. 
I cwt. 


21 

112 


. The 


whole numlier <»r a f*'artion. 

Hincifi we division to find how many timea 
one quantity in cxmtaiwMl in another, the ratio 

of two quantities i«exnreaMxl thuA ^'**”*'*y 
* 2nd Quantity 

or UiUH, 1st Quantity : 2nd Quantity, the notA' 
tion in the i«<H«oncl cum^ U^ing an abbreviation of 
1st Quantity f 2nd Quantity. Henee, we 
that bi find the ratio of one quantity lc» another 
we have simply U» exiireaii the first as the fraetitm 
of the MHroiul, I'Xnetly aa in Art. 92. The ratio 
of 3 ftirbingH to 5 mih-a in since thm is the 
rtvtilt we gel, on mincing 3 furlongs to the 
fraction of 5 miles, Kvidently. the qiiantitiiw 
niUHt Im' “ of the Hame kind " 'Hiert* ia no ratio 
lH*twfH*n 2 tons and 5 aovereigna, for 2 Uins 
cannot la* expn'sm'd os a fraction of 5 soverttigns. 

toe. Ilie two (|uantititw which ff>nn a ratio 
an* cnlliHi tb<* (rrmn of the ratio. 'Hie lirst term 
is c^aIUmI the an/rrrdra/. and the mn^ond the 


IB. proportion 

fin. 4d. (H ^ ^ 

■toUw that 2*2 

If we now multiply each of theae fra<*tion« by 
112 X 64, we obtain 21 x 64 112 x 12. That 

i*. the product of the extrera€*« equals the 
piTxluct of the meanM. Any other caac^ can be 
j»n)ved in the same way. 

109. Tlie appheatifin of projx3rtion to the 
solution of pniblemH dejamaH entindy on the 
prof)erty just provwi ; for. by mmns of it, we 
can, when we know’ any thnx* terms of a pro- 
|)orticm, find the n^mainmg term. 

Example 1. Find the third term of a pro* 
(M)rtion m which the first, wHomi, and fourth 
terms an‘ 7, 11,77. 

Ilie pn)du(‘t of the first and last terms 

7 X 77. 

Hemv, the* pnKliict of the second and third 
also 7 X 77. Hut the w*cond term is 1 1. 


Sin<H* the ntiiiienitor and denominator of a 
fraetion may Ixith Im* inultiplu*d or lN>ih 
dividtHl hy tlu* same quantity, it follows that 
the terms of a ratio may Isith In* multipluHl. or 
ImUIi tinuhsl by the same quantity without 
altering the value of the ratio. 

107. Four ((uaiitituw are said to U* in pnyfxniion 
when (he ratio of the tirst to (he mxMmd equals 
the ratio of the tlhnl t<» the fourth. 

Example 1, 2, 3, 12, IH are in pro[x>rtioii, 

sinet^ I jH- 

Example 2. 7 men. 5 imm, 3s. fki. and 2s. 6d. 

form a projairtion For the ratio of 7 men to 
3 men j(. and the ratio of 3 h. 6d. to 2s. 6d. 

3s. 6<i. 7 sixtwnei's 7 

*is. (ki. A six}ien(>t*s A 

Tlie pnijKirtion is expr(*ssed by writing the 
simi ; ; or tlie sign Isdwwn the two ratitst. , 

Thus, 7 men : A men ; ; 3s. 6d : 2s. 6d. 

or, 7 men : A men 3s. fid, : 2s. fid. 

Either expression is rc*ad thus : ** 7 men is to 
A men as 3s. fid. is to 28. ficL* 

Hinee the fiist two terms of a proportion 
form a ratio, they must lie ouantitiee of the 
same kind. Kimilarly, the third and fourth 
terms must he of the same kind. 

The first and last terms of a proportion are 
ealkd the ejcfmaes, the second and third are 
called the meoas. 

tOA In any proportion, the product of the 
extremes equ^ the product ol the means. 

Ckmsider the proportion 21 Ih. ; 1 cwt : ; 
la : As. 4d. 
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.‘.Tlie thini U»nn * * - 41) .4n.«. 

Exampk' 2. Find a fourth projairtional to 
21 yd., H yd., 42 h. 

I II 

means « x 4*J. 

'Hie first term is 21 ; therefore the fourth 

K X 42 

16 ; and, since the third temr is 
42 nhiUtnga the fourth terra 16s. .4,jtiwi. 

110. We shall now solve one or two problems 
l>V the aid of pn>|K)rtion. 

Example 1. If 1 ton A cwt. of coal cost 
£1 11s. 3d., what will be the cost of 3 tons 5 cw t. ? 

Explanation. We make our “ answer 
the fourth term of the proixirtion. Now, the 
third and fourth terms must W of the same kind 
(Art, 107). Hent'e, simN* our fourth term is 
to be a “ cost," so also must our thirfi term. 
W’e see, then, that £1 1 Is. 3<L must be taken for 
our third U*rm. It only remains for tis to 
determine which of the two other terms, viz., 
I ton 5 cwt, and 3 tons 5 cwt., is the first term 
and which the second. To do this we ask our* 
selves the question : " Will 3 tons 5 cwt cost 
more or less than I ton 5 cwt ? " Evidently, 
it will cost more ; so that the answer we are 
scenting is greater than £l Us 2d.-~i.e., the 
fourth term is mater than the third. It foUows 
that the second tmn must be greater than the 
first Therefore, we are able to stale our pro- 
portion, thus : 

1 Ion 5 cw^. : 3 tons 5 cwt ; : £1 lla 3d. : Ana. 



W« liiiiBi now reduce the fint and ■eoottd 
tefins to the eame denomination (einoe a ratio 
i« a frattum^ and to expreea one quantity aa a 
fraction of another we muni reduce them to 
temtf of the same unit). The an«wer is then 
obtained by multiplying t<^ther the second 
and third terms, and dividing by the first 
(Art. 109). Since the product of the secemd and 
third terms forms the numerator of our answer, 
and the first term forms the denominator, it is 
clear that we may cancel common factors of the 
first and third terms, or of the first and stM'ond. 
but noi of the second and third. 

The work finally apiwars thus : 

I ton 5 cwt. ; 3 tons 5 cwt. : ; £l 1 1 3: Ans. 

20 20 13 

cat. cwt. 5)20 fi 3 

5 1 3 £4 13 .-Ins . 

Knainplc 2. If a certain |)astun' lasts 50 
shmq) 24 days, how long will it last 04 shiM'p ? 

Hen*, the term which is of the same kind as 
the requirtd answer is 24 days. I’lit 24 days for 
the thifti term. Next, a.sk the question “ Will 
tH w1h'<*p 1m‘ able to graze fora longer or shorter 
jM‘ruid than 5ti shiM'p ! Evident I v. since then* 
an- marr sheep, the |Mistun» will last /ess tune, 
nu* stH'ond tenn must, therefon*. Is* less than 
the first. 

Hence, 

(W slut'p : 50 shfH'p i 24 days ; Ans, 

3 7 

Ans. ^ days 21 days. 

^ 

til. Such questions as the alK)ve, in which 
wi* an* given thnn* quantities and n'quin*<l to 
find a fourth, Udong to Simjtle l*rojK»rtion. 
We shall now’ consider ({lu^tions of a like nature, 
hut having more quant itit*s involved, and thus 
n’qtfiring num- than one application of the nile 
in onler to solve them. Such qm*stions Is^long 
to CtmtjKiund Pn»{K)rtion. 

Example 1. The carriage of 30 Ih. for 
45 miles is Os. fkl. How far will 58 lb. Ik' 
earned for 14s. Od. ? 


We first consider the following ciuestion : 
“ If 30 lb. lx» carrifd 45 milt's for tis. 9d., how 
far will 30 Ih. be carried for 14s. 6d. ? ’’ The 
30 Ib. carried, being the same in each case*, 
(*aiinot affect the question. Therefon*. we have 
Os. tki. : 14s. tki. ! i 45 miles : required distance. 


Hence, this disiance ^ 


X f4s. Od. 
Os. 9d. 

^5 X 174 
81 


miles. 


miles. 


We next ask. 


‘ If 36 lb. be carried 

HI 


miles for 14s. 6d. bow far will 58 Ib. be 
carried for 14s- 6d.’" Here, the Ms. 6d. <b>es 
not affect the question, and we have (since 
more lbs. will be carried a less distance), 

58 lb. : 36 lb. ; ; - mib»: Am. 

5 3 4 

Am. = oulM=l80 BilM. 


MATMKMATtO* 

We eee, then, that the nven distance, 45 
miles, has to be changed in the ratio formed ^ 
multiplying together the two ratios Vt* and Jg. 

The ratio formed by multiplying together 
two or mon* ratios is called the ratio ampoufuieii 
of those raticHi. 

It may l»e exprt'ssed by writing the M^parnte 
ratios under one another and bracketing them 
together. 

al»ove example w*ould then U* staUd as 
follows : 

6s. 9d, : Ms. 6d. I . . . . 

58 lb. : 36 lb. ( • Am. 

and the answer is ohtaimd hy multiplying the 
third term by all the s<HH>nd teniH, and dividing 
hy all the first terms. 

Example 2. If 25 men dig a trt*nch 216 yd. 
long. 4 yd. wide, 2 yd. d(*<*p in 315 days of 
8 hours each, in how many days will 156 men 
dig a tn*nch 280 yd. long. S yd. wide, and 3 yd. 
d<*t*n, working !(► hours a day ? 

?irst, pick out the qiianiity which is of the 
same sort as the n*(juind answer, i.r.. 315 days, 
3'his is our third term. W(* now ask a si'ries of 
questions. n*ferring always t<» this 315 days. 

(i) If 25 men taki' 315 days, how long will 
150 men take ? 1x*sk. 'rhcn'forc, first ratio is 
150 men : 25 men. 

(ii) If 210 yd. length takes 315 days, how 
long will 280 yd. lengtii take ? More, 'riierc- 
fore, HtH'ond ratio is 210 yd. : 280 vd. 

(lii) If 4 yd. width iatces 315 days, how long 
will 3 yd. width take ? lii*s.s. Ih'iice, 4 vd. : 3 yd. 

(iv) Similarly, eonsidering the deptli, we g!*t 
2 yd. : 3 yd., and (v) considering length of ilay, 
we g«*t 10 hours : 8 hours Hence, our staleiiient 
is, 

150 men 25 nn*n > 

210 yd. : 280 yd. | 

4 yd. 3 yd. 315 days : Arm. 

2 yd. 3 yd. ; 

lolir. slir. i 

Hequired numls^r of days 

fW 4 

X 4 X X / 10 * - ' 

H X 

X 


CHAIN RULE 

112, SupfxsM* w'e have a series of ipiantities 
of different kinds, with a given relation ls*twmi 
the first and stx-ond, lietww'n the s<*cond and 
third, and so on. We find the r(*lation Isdween 
the first quantity and the last quantity hy a 
methexi known as Chain Rule. 

Example t. If 3 turkeys are worth 5 ge<*se, 
4 geeie are worth 11 ducks, 3 ducks ait? worth 
4 fowU, and a pair of fowls costs 6 shillings, 
find the value of a turkey. 

Using the sign ~ to denote “are worth/’ 
we have 

Required value (in shilltngt) - 1 turkey. 

3 turkeys = 5 geese. 

4 geese 1 1 ducks. 

3 ducks ^ 4 fowls, 

2 fowls = 6 shillings. 
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Tlmtr tbe Mke dcoontittftlioiii (lyiUiifft, 
torkeytr etc.)* oooitr on Um» Wft m oocvu on 1 m 
ri^t. Therefore, the prodoot of the nurnben 
on the left wilt equel the pixidttci of the numbers 
on the tighi ; from which we obtain 

Required value ~ ebillinge 

3xi^xl|xl{ 

= )8«. 4d. Ant. 

3 

Example 2. In a mile race A beata B bv 
66 yd. B beau by BO 3rd. By how much 
doea A beat C 7 

Here, A goea 1760 vd. while B goee 1760 - 66. 
or 1604 3^. B goea 1760 y<L while (/ goea 
1760-80, or 1680 yd. 

Arranging the work ai in Ex. 1. we have 
A’a 1760 - B’a 1604 
B’a 1760 Cr* 1680 
Reqd. Ch » A’a 1760 

c go.. yd. ^ 1617 yd. 

vv 

A lieaU C by 1760- 1617 143 yd. Ans . 

UNITARY METHOD 

118. All the examnb^ conMidcnxI in ArU. 110- 
112 may l>c wilvcxi by the ( nUnry MHhad. 
Huch a motluMl in neat enough when applied to 
problemM in nimple nrojxjrlum, but im not to l>e 
rmimmendetl in otner caaen. We ahiUb boa* 
over, work <»ut Example 2 of Art. 110, and 
Example 1 of Art. Ill, to illu»trate it. 

Example 2. Art. 116 If a certain paHture 
laaU 56 nheep for 24 da}'ii, how long will it hy<t 
64 ahcM'p ? 

Pant ure laaU 56 ah»>ep for 24 da^’ii. 

It IohU 1 Hhfv*p for 24 x66da\'R. 

It laMU 64 Rhet'p for 

day# 

Example 1. Art. 111. The carriage of 36 lb. 
for 45 rnilen U 6a. Iki. How far will 58 Ih, bo 
carried for 14*. 6d. 7 

Eor 611. M. 36 lb, i* carried 45 milea. 

For Id. 36 Ih. i* carried miles. 

. For Id, I lb. is carried ^ milea. 

H I 

For I4a. 6d. 1 lb. is carried 

tv 36^* 

For 14a. 6d. 58 lbs. is oarriod 

miles r= 60 miles .4 im. 

81x58 

PROPORTIONAL PARTS 

IIA It is often required to divide a given 
quantity into parts popoitional to given num- 
bers. llie method of woAing will be understood 
from the foUowing example* : 

Example 1. Divide £8 12a. 6d. into three 
parti proportiona] to 2, 3. and 5. 

Binee 2 S -t- 5 n 10. it is evident that if we 
divide the sum of money into 10 equal portioas, 
the three parte required will oonakt rcepeotiveJy 
of 2. A aiia6 of these portiont. 


Kow« £8 12i. 6d. -e 10 B 17s. 2d. 

The three parts required are 

17s.3d.x2B £1 14s. 6d.l 
17t. 3d. x3 B £2 11a Od. > A*£. 
and 17a 3d. x6* £4 6s. 3d. j ““ 

Example 2 Three men. A, B, and C, rent a 
field for £24 9a 2d. A grams 23 cattle for 

17 da3ni, B grazes 27 for 15 days, and C 21 for 

1 8 daya How much of the rent should each 

p«y 1 

A*s 23 cattle for 17 days require as much as 
23 X 17 cattle for 1 day b 391 for 1 day. 

Himilarly, B uses as much as 27 x 15 » 405 
for i day. 

And C uses as much as 21 x 18 = 378 for 
1 day. 

The rent should, thew'fore, lx? divided in the 
pro{K>rtion of 391, 405, and 378. 

Now 391 4 405+ 378= 1174. 

Tlierefore, A shoukl f>ay 

(jf £24 !>«. 2d. = .Wl X = 391 X 5d 

1174 1174 

. £8 2a. lld.l 

B should pay 405 x fid. = £8 Htt. 9d, V Ans. 

( • should pay 378 x fid. = Cl 178. 6d. I 

Kxam]>lc 2 Three boys. A, B, and C, divide 
10726 nuts Indwetm them. As often as A 
takt'^ 4, B takes 5, and a* often as B takes 3, 
(‘ takes 7. Kind the numl>er cw'h lK)y has. 

A’b share : B's share = 4 : fi. 

B'k share : C's share =3:7. 

Ilic nurnlxtrs n‘pres(?nting B's share in the 
two raticH are 5 and 3. The L.C.M. of fi and 3 
is 15. Therefon», multiply the first ratio by 3 
and the wcond by fi, in order to make B’s share 
Ik* represenbxl by the same number, Ifi, in each 
ratio. We thus obtain 

A s share : B's : (’’s = 12 : Ifi : 3,5. 

A has 

= 12x173 =r2076) 

B has Ifi X 173 b 2595 >diM. 
(’ has 35 X 173 B 6055 j 

EXAMPLES 14 

1. A man w hose stride is 30 in. takes 3120 
step to go a certain distance. How many steps 
will a man w hose stride is 2 in. longer take to go 
the same distance 7 

2 A garrison of 5000 men has provisions for 
137 davs. After 50 days it is retniorood by 800 
men. How many more days will the proviaioiis 
now last 7 

A A man contracU to do a piece of woA in 
48 days, and employs 20 men. He finds, at 
the end of 36 days, that only half the work is 
finished. How many extra men must he now 
engam in order to fulfil the contract 7 

4. When candles are 6 to tlie pound, each 
candle bums 6 hours. How long will a candle 
bum when they are 8 to the pound 7 

A In a certain village 2 women in «v^ 5, 
and 4 men in ev«ry 9, are unmamed. There 
are 24 unmarried women, and the total number 
of men is to total number of sromen in t^ 
ratio 3 : 4. Find the number of mairied men. 
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§, A oMk WM filled with wine and water 
miirod together in the ratio 5 : 3. When 16 
gahone of the mixture had been drawn off, and 
water pot in instead, the ratio of wine to water 
was 3:6. How many gaUona did the cask 
hold? 

7. If the carnage of 72. cwt. for 15 miles is 
£2 6s., how far will 5 cwt. be carried for half- 
a-crown ? 

fi. II 4 men or 8 women can plant a field of 
5 acres in 3| days, working 10 hours a day, how 
long will it take 2 men and 3 women to plant 
8 acres working 12 hours a day ? 

fi. The first of 4 boys can copy 4 pages while 
the second copies 5, the second docs 0 while the 
third does 7. and the third does 3 while the fourth 
does 2. How many pages will the fourth boy 
copy while ^e first boy does 18 pages ? 

to. In a 100 yd. race A beats B by 1 yd. 
B beats C by ij y<l in 120 yd. By how 
much will A beat C in a mile, supposing A, B, 
and C to always run at the same rates ? 

11. A heap of 126 coins consists of half- 
crowns, florins, and shillings ; the values of the 
hidf-crowns, florins, and shillings are as 2 : 3 : 4. 
How many shillings are there ? 

18. If 100 men can make an embankment 
65 yd. long, 20 ft wide, and 5 ft. high in 4 days, 
working 11 hours a day. how many will be re- 
quired to make an embankment 120 yd. long, 
25 ft. wide, and 4 ft. high, in 5 days, working 
12 hours a day f 

PERCENTAGE 

116. The expression ** per cent.,” which is 
an abbreviation of the Latin words ” per cen- 
tum.” means ” for each hundred.” 

The symbol » often used to denote ” per 
cent.” Thus, 7 per cent., or 7%, means 7 parts 
out of every 100 parts, i.f., of the whole?. 

The number per cent, is cidled the rale per 
oeiit. 

116. Clearly, then, a percentage of a given 
quantity aan always l»e expreswKi as a vulgar 
fraction of that i[uantity. In some cases the 
corresponding vulgar fractions are so simple 
that it is advisable to remember them. For 
example ; 


26"i 

„ 25 „ 

1 

50"o -- 

60 

1 


100 

4* 


100 

2 ’ 

75% 

__ 76 
100 

3 

4’ 

33i% = 

33 \ 
100 

1 

3’ 

m% 

66ii 

100 

2 

3’ 

!>% 

6 

100 

20’ 

2*% 

100 “ 

1 

40’ 

12i% - 

121 

KXi 

1 

8’ 


and so on. 

Again, since 5% = of £\ ^ Is. 

Tlierefore, 5 per cent, of any sum of money is 
” la. in the L” Similarly, 21 per cent, of a 
sum of money is ” 6cL in the £. 

117. To fi^ any required percentage of a 
given quantity, express the percentage as a 
vulgar hwetkm, and take that fraction of the 
given quantity. 

Kxamifie 1. Find the value of 7 per cent, of 

35tom. 


7poroent 

Henoe 35 tona 

7 

f '-lS tons 
20 


9*00 cwt. 


2 tons 9 cwt. i4»M. 


Conversely, to find what |.H?roentage one 
quantity is of another, nnluoe the first quantity 
to the fraction of the second [Art. 92], and 
take that fraction of 100. 

Example 8 . A tradesman deducts 3^. 6d. 
from an account for £5 16s. 8d. as discount 
for cash.” What rate |)er cent, does he allow 7 


R<>quirod rate per cent- 


38. 6d. , 

£.VlO,.8d. 

ofloo .3;:^ 


PROFIT AND LOSS 


118. When a thing is sold for more than it 
cost the seller, it is said to Ik? sold at a vrofit 
If it is sold for less than the oust, it is sola at a 
io«A. Henoe, 

Profit — Selliim Price - Cost Priot*. 

Loss =•■ (’ost Price - Selling Price. 

A profit, or loss, is generally n*okonod as n 
IKircentage. 

It is always understood that the. pererrUagr i« 
rtekontd on thr cost pricr. 

Thus, if an article which costs 9d. is sold for 
li., the wdler gains 3d. on an outlay of 9d., 
•.(?., he gains }>. or } of his outlay. His gain 
|>er cent, is, therefor**, of 1(>0, or 33J |K*r cent. 

A common mistake is to say that he gains 
3d. on Is., i.r., \ of KX) |K*r cent., or 26 j)er cent. 

119. The fyp<?s fd que^stions met with in Profit 

and and the methods of solving them, 

will bo understood from the following exarafdes: 

Example 1. A mt?rchant buys 66 gallons of 
wine for £.68 6s. Hd., and sells it at 21 m. Hd. a 
gallon. What is his gain or loss per rent. 7 

He buys 1 gallon for £1 Os. lOd. 

66 


He sells 1 gallon for £1 Is. Hd. 

Therefore, he gains £I Is Hd. ~ £1 Os. lOd., 
t.c.. lOd., on an outlay of £1 Os. lOd., or 250d. 
His gain per cent, is, therefore, 
of loti ^= 4% Ans . 

Example 2. A waUdi was sold for £8 1 1 «. at 
a loss of 6 jH»r <t*iit. What would have l>ecn 
the gain or umn p(*r coni, had it IsKin sold for 
10 guineas 7 

'Fhe watch is sold for 96 p<?r cent, of its cost. 
W'e have, then, a qu<*stion in simple projsirtion, 
vix., ” If £8 I Is. reprmmts 96 per cent, of the 
cost, how much rK*r cent, of the cost dess* £10 10s. 
represent 7 ” Whence, 

£8 Us.; £10 10s. 96% of cost : required 

percentage. 

6 70 


— ’ Uh per cent. 

Ten guinea rep«*ei.te 

k 

3 

» ajii = 1162 per cent, of cost, Le.. there is a 
goia of 16 % Ans. 


QUO 
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Koto tliat in qnentiooi liko Kx, S it it not 
tmmmrf to ibid the coot pite. 

Exoni]de S. A jewi^tor priooi » brooch 40 per 
cent obova coni. Ha daducto 12| par cant, for 
aaah« Mid gaina 9*. What did the brooch coat 
him t 

A tirooch which coata 100 ia marked 140, 
i.c., it ia marked at J Jjj, or { oi iU coat. 

Tha jeweller dadueta of ita marked price, 

ao that he aella it for or I of ita marked 
price. 

Hut J oi marke*! price ] of J of coat 
of coat (1 i 4 ^^^) of coat. 

He thitreforc gaina of what it emt him. 
Hence, 9a. of ctiat. 

Tliefefon\ cxiat 40<. £2 Aha. 

Example 4. If 2} cent, more ia gnincil hy 
at^^lling a luirac for £75 than hy ai'llirig it for 
£7tl JOa,, what did the horw* coat ? 

IIjc difference in the aelling pric<ia £75 ~ 
£75 lOa £1 10a. 

'nwrt'fan' i'l 10a. ia 2^ fier cent, of the nmt 
pru’*\ f>., 4 *,, of the c<iat price. 

Hence, cfa*t price *40 x £1 lOa. £ff0 Am. 
Example 6. A nian aella an article at a profit 
of 5 jK'r cent. Had he laiught it ffj |M'r c<*nt. 
chcajH‘r and aold it for 9d. more than he did, he 
would have gaintHl 15 pt^r cent. Kind the c<wt 
fince. 

If he iKtught for Oj ficr cent, li'aa. he w'ould 
951 

pay <if what he actually dot^ pay. 

gain 15 fH*r cent, he muat ikdl for of the 
115 95? 

coat, i.f., he muat ai'll for ^ ‘ ^ <»f thea<dual 


25 \.V 

29 19 

4 


99 

<W| 


of actual t'oat. 


Hut he really wdla !«» gain 5 iier cent.. • c,. 
for {((jj, or it A of the coat prictv The difference 
Iwtwwn th<H%c mdling pneea la (SJ - H/d of the 

. 545 -559 9 . / . 

c<»Ht price, or « wv <*f <'^***1 price. 

529 529 


And the (pn^tion tclla ua the diffe'rt'ficc in the 
Htdiing pricea ta 9d. Hence, 9d, of cHwt 

firii't', HO that the coat price • 

:t29d. £1 ttw. 8d. Aim. 

EXAMPLES 15 


1. Hy Helling gtHnia for £247 a merchant lom« 
a |H»r cent. What ought the aelling price 
to lie to gain 7 per cent, ? 

8. A man buya a numUtr of orangea at 2 a Id. 
and an €n)ual number at 3 for 2d. He aella 
the whole at 5 for 3d. Find his gain or 
loss per cent, 

8. If 4 )>er cent, more is lost by selling an 
article for Da, 2d. than by selling it for Da. 7d., 
how much per cent, is lost in each case ? 

4. A shopkeener bought 750 i^gs at 15 a 
shilling. He broke 13, and miter selling 
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the rantmtiider, found that he had lost 2% on 
his outlay. How many did be sell for a 

shilling ? „ - j 

5. 24 lb. of tea worth Is. lOd. per lb. are mixed 
with 8 lb. worth 2s. lOd. per 1b. At what 
price per Ib. must the mixture be sold in 
order to make a profit of 10 per cent. ? 

6. A man sold a house at a profit of 10 per 
cent. Had he sold it for £168 less, and 
bought it 5 per cent, cheaper, he would 
have gained 4 per cent. For what amount 
did he sell the house ? 

7. A tradesman marks his goods 20 per cent, 
alsive cost price, but allows a discount of 
7^ [)er cent, off the marked price. What is 
his net gain fST cent. ? 

8. A man sold two houst»s for £990 each. He 
gained 10 jicr cent, on the one, and lost 
10 fier cent, on the other. Find the 
amount he gains or loses on the whole 
transaetion. 


Answers to Arithmetic 

ExAWfLKS 12 

1. 14‘ti962.5tH4i. 

2. 2r92:V» ^ 9 ;tH95 12 5.342t»f. 

3. 2 252^5714 - 2 25 f *0028.5714 2J i 

' 2m- 

4. R^'duee lH>th sums to lialf|x»nee. Then, 
reijuirt'd friwtion 7527 -f- 47971 — 

•i 5781^7598421 05295. (Apply Art. D6 (3) 
to obtain the last nine digits of the period.) 

6. i:Vi of £7 14s. lid - ()2r4 of £9 Os. .3}d. 

./I, of £7 14 m. lid. - .,1, of £<i Os. 3|d. 

£1 Is. IJd. -5s. 9jd. IS’s. (ijd. 

6 . *75 of 12:14 of 12 |l. of 14 810 11 

X i»H7:i 10 H912. 

7. • *285714; 1 1*428,57; 428571; 

i 571428; ? 857142; ^ 7142H.V Write 

the dtx'imals under one another in this ordet. 

8. l.’ki ?,]•/,, *82 R«*^uee thcs<* 

fractions t<» their U*ast eommon denominator, 
obtaining and The nMpiircd greaUwt 

divisor will have 91KX) denominator, and the 
11 (\F. of 1:155 and 8290 for numerator. 

••• - mm 

9. 'Ai Hence, the rent of each 

thx»r IS y of the nmt of tlie ficMir aViove. 

ground rent -- y x y x £51 

n« His. 8d. 

ta *584615 Hence, (1 ~ - 1) of the 

original number is 57. Or 57 iJasscngers ~ JK 
of the original numhi*r 

«;•> 

,*. Original number - * x 57 = 156. 


Examiles 18 


t. £48487 5e. 4d. 
2. £2357 3s. lljd. 
8 . £23 14s. OAd. 
4 £537 9s. 91<L 
8 . £99 3s. 8d. 


6 £117 4s. 2 Ad. 
7. £23 ‘is. 
a £427 9s. 10,*,d. 

9. £52 7s, 

10. £8004 13s. l)d. 


CotUinti^ 



GROOM, GARDENER & COOK 

Groug ie 

HOUSEKEEPING 

Work of the Groom, Stable Hands and Gardener. 
Qnahficatiooa and XHttiea of Co<A and Kitcheainaid 

4 
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Bj A. EUNICE T. BIGGS 


THE GROOM 

The chief duty of a groom u to look after the 
horaefi, and to aee they are in condition. Hi« 
work in the stabler will occupy moat of his 
time^ but in some houneholdfi, whore the total 
number of »cr\"ant« kept is not very larp^, he 
may be expected to perform ci*rtain indoor 
duties an well. He will proliably lie mjuired 
to ride with his maator or the ladica <if the 
family. Tht*«e, however, are purely Huliaidiary 
duties, his chief work IxMng in conn«'ction with 
the hormw under his care. When they are not 
working regularly they will need to bt* exeremt'd 
each day, and a good groom M*iU see that the 
exercise is suitable for each individual animal- 

Feeding and Watering the Horaea. 
lliese duties will fall to the share of the 
grtKim. He will have to sujiervise, and in 
many cases carry out, the f(?(*ding of the horses. 
Km’h horse will nml three meals a day, the 
amount and oharaeder of the food varying 
with the work it is calUsd upon to perform. 
Ihe gHHim must be an early riH<T, for at 6 a.ra. 
or <*arlicr he will have to set about the prepara- 
tion of the first meal. The fcxid should, a* a 
rule. given Udorf* the horses drink. C'are 
should Ik‘ taken to priK’ure pure water, which 
is irnprovKi by the addition of oatmeal. Tlie 
water should not lx* too cold. 

Th<‘ groom should l>e on the alert to see that 
the sluM*s of hiH hors4*s an* in g(Kxl condition, 
^fter shcxMng, esfK*cial care should be given to 
the feet, and it is os well not to attempt much 
w’ork infratxliabdy after a horw* has U'en re-shod. 
Every day, after exercise, tke horses' f«*t should 
U* washid in w'aU*r and then well dried with a 
brush. When the bit is nmioved it should lie 
at once washc*d, dried, and jKilishcxl. All the 
metal -work of the hameas should be well 
fiolished, and the leather w ijxd over and cleaned. 
The harness should then Ijo hung up in the 
hamcyw-rfiom on sjiwially provided fiegs. No 
harness should lx» left lying about, and the room 
ought to be well ventilaUd and free from damp. 

THE STABLE HANDS 

The cleaning of the stables is in the hands of 
the stablemen. Each day the stables should 
be thoroughly swept, and then washcxl, buckets 
of water and stiff brooms lieing necessary hir 
the process. If this is in any way negl€X*ted 
the results are very disastrous to the freshness 
and neatness of the stable. Fresh straw shouki 
he placed under the horses directly it is needed. 

llie stable hands will assist with the care of 
the horses. The daily rooming takes some 
time ; each horse has to be brushed over every 
part of the body, care being taken to follow 


the dinx'tion of the growth of the coat If 
the horse is splashed w^ith mud or stained, it 
may need apixMal brushing with a brush dipped 
in water. Then the Ixxly is nihlxxl over with 
a cloth. Both inane and tail have to Iw well 
comlxxi ; they may also ntHxl trimming, and n 
little oil may bo ustni to get a snuMith, glossy 
effcH't 

Cleaning the Carriages. The carriage 
should lie freed from mud Udore it hardens 
and drills. Plenty of water should lie thrown 
over it, and a mop uwhJ to clean every crevict*. 

By means of a jack each wIum'I is in turn 
raisixl and left free to rotate. Then the wheels 
also are washtxl frev from mud. 'I'he whole 
exterior must lie thoroughly drifnl. and wdien 
it is quite dry it must Im> well ixilisliKl with a 
leather. Swi'f't oil is use<l b> removi* stains, 
and alst) to prtnxTve the varnish from (Tacks 
and blisU‘rH. 

The brassw'ork, handles, etc., must Ixi 
thoroughly imiIihIhxI with fiuste and leather. 
The carriage' ('usliions should lie t4ik(*n out, 
lx*at<*n and hnishisl, and then replaced. 'Hie 
whole of the interior should U* linislHsi and 
dusted, the fcxit-nig taken out and shakiui, 
and the w indow -glass eU'aned and |K>lish(sl. 
lli(^s<» duties may d<‘V()lve on any of the men 
eonmiUxl with the stnliUw, from eoiiehitmn 
downwards, but he is himself resjHinsilile for 
the work, and l»efon‘ taking the carnage out 
he should sei* that it is salisfacbiry in every 
way. If the springs get worn, the hinges of 
ih(* door creak, or other minor nqiairs ls*e»»me 
necesHsary. he hIiouIcI Is* on tie* alert 
to det4‘et these* defects and sis* that they an* 
remwliiMj. 

THE GARDENER 

llie gardenex’s duti(*M w ill vary eonsiderahly, 
a<*eording to the area of the lamJ for which he 
is rctsfxinsible, and the numlsT of iitidcr-gar- 
deners and odd men whose wrviis^s are at his 
disfxisal 

In a large estaU* the hearl-gardemer will prob- 
ably lx* all(jtUxl a small hous<% which privilege 
is also enjoyed by the e(»a<’hman. Hisduties will, 
to a Urge exU-ni, consist of organising the wnrk 
of the men under him. He will eonsiilt with the 
master as to the laying out of different parts of 
the garden, as to ixissihle chang(*s in iU form and 
arrangement, ontl conevming the adornment 
of fiarticular parts. He will lie resiKinsible for 
the supply of fruit and vf*getabl«4 Ui the 
house. One of his privih^ges is a frt*e supply of 
such food to his owm table ; be is also justiffcxl 
ia receiving certain commissions from sard 
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mmliafits, prcnridad that he hat alwajm hit 
maeter't intarevt at heart, and that he does 
not Older from a particular firm merely to 
•eouie a large coninitjiiiion. 

The head-gardener will have to tee that the 
▼aiioot prodoete of the gardent, teedm cutUngi, 
©to., aie properly collected and uted to advan- 
taM. He wul dio HUte of the actual work him> 
am, but he mutt be quick to detect which of 
hit a aai it t n te exoolt in any particular kind of 
work, and allow him to do that work whenerer 
poaaible. A man may be rery deft in one 
direction and equally clum^ in another, and 
the head*gaidener ahot id tee that each man*t 
talentt are made the moat of in allotting the 
Tarioot tatka. 


THE COOK 

The cook it the chief of the terviinU who take 
thdr mealt in the tenrantt’ hall 11 the it 
working in a email etiabUthment, many duitet 
win fall to Her thare which in a laiger houte 
would have been relegated to other tervanta. 
Should the thare the houtehold duitet with 
onlv one or two other tervanta, her own duitet 
will include the care of varioua roomt betidet 
her kitobeot, and the may, by arrangement 
prior to her engitfcmont, be called upon to amiat 
with work onitiae her own parUouW domain. 

Tt it of great importanc^e that the cook thould 
be an early riter. Unkm many appamiUy 
trivial dutiet are performed before breakfati, 
the work after that meal ieodt to become 
ditorganited and laborious The cook should be 
up in gocxl time, or the will find it none too eany 
a UMk to prepare the breakhuit, and tee that all 
it in rcMiinett at the appointed hour. A 
imnctual cook addt much to the comfort of the 
noutebokl. Her eneigy it a gexxi example 
to her fellow-tervanU, and the variout membert 
of the family will be incited to more punctual 
habita if each meal it on the table at a fixed 
hour. 

Chameteriation of a Good CoolL 

A good cook will not only be careful to terve 
the rotalt at their proper time, but the will 
take great pamt to ensure the food being well 
prepaml and thoroughly ccniked. She will 
not undertake the preparation of more elaliorate 
dithet than the hat the experiimoe and tkiU to 
execute satUifactorily. Site will do her utmost 
to terve oveiy ditli taetefully, and to prepaie 
the focid to that it it appetising and digceuUo. 

A gocKi cook it economical in her treatment 
of food. No scrape are watted, and the will 
arrange that fcxid is not allowed to get stale 
car turo tour. To secure this end it is important 
that she should examine her larder every day. 
Provisions that are put away for a second meal 
aboukl be placed in clean dtshca. Soups and 
liquid foods will probably need to ho warmed 
up and replaced in clean tureens, and it it 
important that the interior of the bread-pan 
be frequently anped out with a clean cloth. 

The cook should daily go through her boute- 
hold supplies to tee that no important article 
ia mlMbig. Unlett this precaution it taken 
it it very likely that the will suddenly find 
herself at a lots for lack of mustard, or tome 
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other emectsal ingre&nt flavonring aob* 
ttanoea, tpioet, vinew and tunilar artiolet. 
thould be added to &e store-cupboard before 
theprevioot stock it quite exhausted. 

The cook thould keep a slate in tmne acoemiUe 
oomer of the kitchen, on which to leoofd any 
defioMDcy directly the notice it Then, when 
the receives her orders for the day, either from 
her mistreit or from the housekeeper, she can 
refer to this in stating her wants. If the trusts 
entirely to her memory, the will pxobaUy find 
it fail ner in torrte important particular. 

Thn CooU^m thrmmm. Neatnets thould 
be the keynote of a cook’s attire. Her work 
neoessitatee long hours in the warm atmosphere 
of s kitchen, s^ die will find cotton or print 
dreeaes the most serviceable and durable. 

The skirt, which thould be short enough to 
clear the groun^ should be covered with a 
large apron provided with a hib. Many cooks 
wear two aprons^-a small neat one, and a 
larger one i^oh practically covert the whole 
skirt. This upper aprm protects the one under- 
nesth, and can be quickly removed should the 
cook need, say, to answer the door. 

Comfortably well -fitting shoes with fairly 
thick soles are esse n tial, as oemstant standing is 
very trying to the feet. 

Kitchen Armngemante. If the kitchen 
routine it to proce^ without a hitch, the 
cook mutt be methodical and orderly in all 
the does. It ia a great mistake to allow utensils 
to accumulate on the tables whilst cooking is in 
propem* As each basin, jug, or spoon is done 
with, it should be put aside to be washed later. 
Articles that have been taken from the store- 
cuplK>ard. such as currants and flour, should be 
replaced as soon as they have l)een used. The 
cook only hinders her own operations by allowing 
the table to become strewn with utensils. 

The daily duties of the cook will depend 
to a very large demt» on the sixe of the 
family and the number of the servants. If 
but few of the Utter are kept, the cook s 
duties will depend, to a certain extent, 
upon the arrangment made between herself 
and her mistress when she was engaged. 
She should be downstairs early, clean her 
kitchen range, light the fire, and put on the 
kettle. She shoidd then proceed to the break- 
fast-room, which will prohablv be under her 
special care. This room will ne«i careful sweep- 
ing. dusting, and rearranging. She should then 
Uy the breiddast and put everything in readiness 
for the meal 

l^Ucn, In some houses aU this work in the 
dining and breakfast-room is done by the boose- 
In this osae, sft^ her preliminaiy kitchen 
duties, the oock can at once proceed to the 
hall and staircase. She should remove the 
mats, shake and replace them, brush the stair- 
carpet, rub up the rods, and dust each side of the 
** tread,” and aUo the banisters. If the u 
t^ or covered with linoleam, it will need 
either washing or wiping over di^y. 

The cook will then return to hmr kitchen, 
sweep and dust it. and make it neat and 



domfortable befm she mtB Mhoiat the prenM* 
tlon of bfeakfest Sometimee the cook is 
respansible for the wmiting et teble daring 
hrcsMcfast if the only other servant is a house- 
nuud. In anv case, she, as a rule, clears away 
after the meaL Whilst the family are at break- 
fast, the cook generally helps the housemaid to 
make the beds. 

Having ranoved the breakfast things, the 
cook waiuies them up, with the exception of the 
p^te and glass, which is left to the housemaid, 
^en she should tidy up her kitchen, and by 
10 o*olook be in rea^css for the visit of the 
mistnes or the housekeeper. 

The Preparation of Moala and 
Menus. The cook may sometimes be existed 
to suggest a menu for the day's lunch and dinner, 
or she may have to await instructions. If there 
are any deficiencies in the stores to be made up, 
she should then report them, at the same time 
drawing her mistress's attention to any par- 
ticular food which should l>e consumed at once. 

After the orders for the day have been 
received, the eook will find the morning occupied 
with culinary matters. Many orders will have 
to be given to the various tradespeople. The 
cook should see that her mistress is well served, 
that vegetabh^ are sent fresh from the green- 
grocer, and that full measure is given. 

l>urmg the morning Uie oo(»k should prepare 
luncheon, and also make ready all that she can 
for the dinner. (k»Id sweets can Ik? prepared, 
and the greater part of the preparation of many 
dishes may be arranged. When the actual time 
of dinner draws near, the cook should endeavour 
to so organise her work that there is no hurry or 
confusion at the last minute. 

Among her further duties will be included 
the clc?aning of the larder and of the scuUerv, 
if no scullerjmaid is kept. The sinks should 
he Hushed pcniodioally with boiling water to 
which a little soda hiM been added. Greasy, 
soapy water has a tendency to clog the outlet 
pi^. as the water cools aucf the grease solidifies. 
T^ can be remedied by the use of very hot 
water every now and then. Certain other tasks, 
such as the washing and whitening of the front 
steps, may fall to share in a small household, 
and ^ may, by arrangement, be asked to assist 
in doing a little laundry work. 

THE KITCHENMAID 

The kitchen, or sooUery maid does the dirtier 
of the kitchen work, leaving the cook more 
om to pursue her culinary auties. If both 
kitchen ana scullery maid are kept, the actual 
cleaning and the washing of saucepans and other 
utensils falls to the lotof the Utter. The kitchen- 
maid jmpares the vegetables for table, and 
undertttes the less skilled cooking. She relieves 
the cook of most of her household duties, such 
as the aembbing of steps and washing the 
hall, ete. 

In alary establishment, watkix^ under ayxxi 
eoede, the Idtehenmaid may aequire an exoeUeot 
knowledge of oooking. This, however, will 
ahnoat entirely depend upon her superior in the 
kitohsn. Some eodn resent the idea of allowing 


Umir kitohenmakla to become profioent, and 
will banish them to other tasks tn the scullery 
while the more interesting work w going on. 
The kitchenmaid will probably be entirely 
responsible for the preparation and serving of 
her fellow-servants' molds 

Hints for the Scul lory maid. Plenty 
of boiling water sliould lx? used in washing 
up dirty kitciien utensils. The washing-up 
bowls should be wnshtni out with strong soda- 
water after use. and then M'iped dry. Dishes 
and plates should be rinsiHl in cUan waU?r after 
washing, and be put to dry in a spt'cially eon- 
stnioted rack. 

Much Uboiir will Iks saved in the cleaning of 
baking- tins and saucepans if they art? put to soak 
in hot soda'antcr as soon as they have been 
used, and all oop)K?r and tin utensils should bt 
polished at least once a week. 

No oooking utensils should Ik? left dirty from 
one day to the next. After tlu* sauernans have 
l>oen cleaned, they should Ik? carffully dried; 
pAstry-boards ancf rollers should Ik? scrublnxl. 
and the kitchen table also kept Ncrupulously 
clean. The cleaning of the icnives and tiie 
brushing of the gentlemen's boots will fall 
to the share of the s(‘ullerymat(l. However, 
as is the case with (?acb domestic servant, 
llie exact duties of the kitchenmaid can hardly 
lie defined. They vary in difTcrent households, 
and the requirements and individual wishes of 
each |)articular cook dcterinino whether the 
position of kitchenmaid is altogoUier desirable 
and pleasant. 

THE HOUSEMAID 

The housemaid should possess a love of ordiT 
and of punctuality. 8bo should l>e neat and 
methodical in her work, on early riser, and if 
she is skilful witli her Do<?dlo she will In? able to 
add much to ht?r mistri?sH’H comfort. In a lar^c* 
establishment the duties of the housomaids will 
vary with the numlicr kept and also with the 
number of other servants ineluded in the 
household. I'he uppcT- housemaid will have 
only very light dutii?s to {lerfonu, l>ut her 
responsibilities will bo fairly heavy, for she 
will have to su{H?rintend the work of the other 
housemaids, and see that every detail of it is 
oarriod out thoroughly. 

The drawing-room will be under her particu- 
lar care. Bbe may undertake its solo charge, 
doing all the sweeping and dusting herself ; or 
she may prepare the room for sweeping, and 
after this has been done bv an under-hottsewid, 
she herself may dust ana polish. 

The Duties of the Houeemeid. 
Where several housemaids are kept, the various 
duties will be divided among them, but the 
daily tasks of each will be, to a groat extent, 
similar. Certain rooms will be entrusted to 
the housemaid, which shi/ will have to arrange 
before breakfast. She null have to open w 
shatters and windows to air the rooms, tidy 
the hearths ^pd fey the fires, sweep the carpets 
A jftH mgs. and tlum very carefully dust the whole 
room. When the housemaid is down in good 
time she will be able to do all this work before 
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beginniiig hm dutiat upiUiiv. H there is 
no iftdjrS'iniiid* she must, at the appointed 
boor, call the memVicnt of the family, tiding hot 
water to each room. If the mistrees taken 
a cup of early tea« the houNtTOiaid must take this 
op also. She will them come down Ui her own 
breakfast, and when that is finished she will aet 
the breakfast of the household in readinews. 
In the ease of this work being undertaken liy 
the cook, the housemaid will find plenty to 
oocupy hetr until the family are assemhk*d for 
breaiifast. During that meal she will repair to 
the bed-rooms and strip the l>eds for airing. 
Her next duty is to empty the baths, arrange 
Uie w^ashstands. and put fresh waUT in the 
water-botthfs and jugs. 

RedmaKIng. The prot'cws of liedmaking 
is next begun. Kai'h la^, after a good airing, 
is made to suit the individual taste of its cavu- 
pant. 'Hie housemaid will jirobahly 1 h' given 
some Hssistan(*e m IsHlmaking, either by the 
ecMik in a small household, or by another house- 
maid in a larger i^stahlisliment. 71ie sheets 
should Is' arr«ngi*d sraiKiihly and well tuckeci 
in. the jiillowH and liolsters Is^aten up ant! 
shaktm so that they are soft and eomfortahle. 
Some fmittn»ss''H will mH»d to Ix' turned and 
shaken daily, and in the ease* of a feather lH*d 
this is aliMolutely esH<'ntiat. 

When the Ix^ls have made, the Ix'd- 

rooms will iiwhI to lx* (deuned 'Hie earix^ts 
should Ik* gont* over with a dust|>an and brush 
and the skirtings dusted. 'Ilie dusting pr(H*<»Hs 
should Ix' niiplied to evi'ry article of furniture 
in turn, aiifl every crevice should lx* fnn* frtmi 
dust. Hie furniture should lx* carefully |.Hili»hed, 
also the dr«H<sing-tal>le, mirror, and silver. 

TTho iKHl rixmis should Ix' iH^riixiically turned 
out, a n^ular routine Ixnng oositvihI in carrying 
out the work. After the Ixxl and most of the 
fumituH' have Ikmui eovennl up with dusting 
shtH^ta, the laxi rtxmi earpet is thoroughly 
swent. It is well to remove from the nxim all 
small and ixirtahle artieUxi of furniture —vases, 
dressing-table omatmmts. etc., and to loop up 
the window -curtains. It is a gixxl plan to 
scatter some tea-kwves or some salt over Uie 
carpet bt'kirt’* sw'ct^ping, to freshen it up. 

All ]K>hHhed fumitun* roust well jxilished 
by frictiim with a leather or silk cloth and by 
tile otx^asiona] use of a pn^iMirtHl fKilish. 

OoMsional Duties. In a small estab- 
Uahment the housemaid will lie res^Kinsible for 
the plate and glass used at table. Once a w'eek 
she will have thoroughly to polish all the silver, 
using a giKid fiowder fur the purpose. In such 
houschoMs the housemaid will lay ever)* meal, 
wait at table, bring in the afternoon tea.* answer 
the front -door bell, and show' in visitors. When, 
in the spring, the house is subjected to a thorough 
cleaning, she will be resjionsible for much of the 
work to be done. 

The lamps and globes used in lighting the house 
wrill he under the housemaid's care. If the 
cleaning of them also falls to her lot, she must 
be my careful over it. Special brushes, acisaora, 
md cloths should be kept for oil lamps, and the 
trimming should be performed eveiy day, for 
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lamps never burn well without Very careful 
attention. 

Cnrw of the Sitting • roomo. The 

housemaid will lie resi)onsible for the care of the 
dining-room and the drawiM-room. Each 
room must be carefully freed from dust and 
dirt daily. A dustpan and brush should be 
used for the carjiet, and every article of furniture 
must be well dusted and polished. In small 
households, where there are many grown-up 
daughters and few servants, the care of the 
draw'ing-room ornaments is often undertaken 
by a member of the family. Tliis frec« the 
housemaid and enables her to get on with other 
more important duties. Before the midday 
meal the housemaid should retire to her room 
and dit^ henwdf neatly for duty during the rest 
of the day. In the morning she will wear a 
light -cfdourt'd print dress and a large apron ; 
in the afternoon these an* discarded for a black 
dress and rather more ornamental muslin apmns. 
The housemaid's cap should Ik< simple, and her 
collars and cuffs quite irrt*proachiible in their 
whiteness. 

Evening WorK in the Bed-roome. 

The h(nisi*maid is n»sfxmKihle for ofx'nmg the 
Ixxj-nKm) windouH at suitahle times, and closing 
them again at sunset, or a little later. When 
it IxM-omes dark, shi* must visit each lK*d-r(x>m, 
draw down tlie blinds and close the curtains, 
'file Ixxlspn'Hds and pillow' shams should Ih» 
removini, luui the bcxiclothes tum(*d down and 
the night garments neatly arningt*d ready for 
use. Then the iH'd-rixim hres should lx* lighted, 
if the weather is cold, in time to make the room 
<*orafortahly warm by Ix^d-time. A can of hot 
water should lx* put in n^adintss in every nx^m. 
'Phese preparations (‘an lx* made alxnit on 
hour and a half lx*fore the time of dressing for 
dinner in a large establishment. Then, when 
the family an* asHemhkxl at the meal, the 
housemaij will rt'tum to the Ixxl-nxmis, re- 
amingt' the washstand, and H<*t the room in 
order for the night. Candles should be platxxl 
in readint*SH, the caudU*Hticks having lx*en 
cleaned during the rooming. 

An energetic housemaid will get through her 
work in good time, and have leisurt* to sew for 
her mistress if n*quirt*<i to do so. She should, 
therefore, lx* clever with her n(*edle. Much 
household mending, remaking, and {latching 
may fall to her shart*. and if she can do such 
work efficiently she will add greatly to her 
mistcess's comfort. 

THE PARLOURMAID 

A parlourmaid s duties are practically those 
w'hich would be performed by a single man- 
ser^’ant. Bhe is usually kept in those house- 
holds where no lady's-maid is found, in order 
that she may (x^rform little services for her 
mistress. An extra maidservant, such as a 
parlourmaid, can add greatly to comfort of 
the household without much extra trouble. In 
houaes where a cook, a housemaid, and a young 
maid who asaists both cook and housemaid are 
found, the parkmimaMi ia often the fourth 
aervaat engaged. 



Tli« PlArlourmmId** D r c — . Hic par- 
kmntiV^ ^ duties to perform, and 

she will therefore be expected to be always neat 
and trim. She should wear a light print morning 
dress, with a muslin apron, and a black dress 
covered by a diore elaborate* apron in the after- 
noon. Her cap, cuffs, and collars should be 
invariably neat and clean. It is the duty of the 
parlourmaid to wait at table and arrange the 
meal beforehand. If she is assisted by the 
housemaid at table, she takes precedence of 
her. If she assists a manservant, she assists 
him as if he were a butler and she a footman. 

Dally Routine, The daily routine of the 
(larlourmaid clom^ly resemhlc^s that of a single 
manservant, except that she will probably lie 
called upon to assist in mon^ purely domestic 
duties from which he would l>e exempt. She 
will wait mon* particularly on her mistrt'Ks. and 
she may be called on to assist the houw'maid in 
l>ed-roora work, such as bcHlmaking. etc. 

The parlourmaid will l)e n^sijonsihle for the 
plate and glass used at table* if no manm^rvant 
is kept ; and these she will have to wash and 
|X)lish after use. Her time will Ik' well filhvl in 
jierforming th<»se duties, in laying the table for 
th»» various meals, in waiting at table, and in 
clearing away when the meal is over. 

The parlourmaid is generally n>>quirtHl to 
answer the dining room and drawing nwni l)clls. 
to open the front d(K»r, and to announce visitors. 
She will also bring in aft<*rnoon tea and serve the 
coffts' after dinner. She will lie rt*s|>onsihle for 
the various sitting-room fires, and for the venti- 
lation of hrt'ukfast and dining-rcsim after meals. 

THE HOUSE-PARLOURMAID 

In small estahlisliments, where hut few ser- 
vants are retainwl, one maid is <*ngaged to 
iM’rform the joint st*rvic«*s of parlourmaid and 
liousi^mnid. Su<-h a maidservant lays the table 
for meals, a aits at table, clears away afterwards, 
ffnd washes the ]ilaU* and glass. She also has 
charge <jf the lied-rcKims, calling the different 
memlH^ra of the family, and carrying up hot 
water. After bnakfast, she makes the ImhIs. 
gt^nerally with assistance, and dusts and arranges 
each room in turn. In the afternoon she answers 
the front -door Udl, and brings in tea. etc. In 
the evening she sets the table for the last meal, 
waits during its progrtnw. clears away after- 
M’ards, and then prepare the different bed- 
rooms for the night. Thus the house -parlour- 
maid performs the most important duties of 
lioth housemaid and parlourmaid. 

THE BETWEEN^IRL 

The between-girl is generally a young maid- 
servant who spends part of her time in the 
kitchen assisting th3 cook, and part in the 
bed-rooms, etc., helping the housemaid. As 
the cook's assistant, she does much of her 
work that ordinarily would be undertaken by the 
kitchenmaid. 8be helps in the washing up of 
pots, pans, and dishes. The polishing of tins and 
copper utensils will fail to her lot. and she will 


Houwmtmm 

pmhably pre|>are vegetahlm for caking. Bhe 
will 1^1 or scrape the potatoes, and cut up anti 
put the cabbages to soi^ in salt aatcr, etc. The 
between-girl miw alsti called upon to clean hoots 
and knives, ffer work in asMistiug the house- 
maid will bt' to help to make the ImhIs. and 
}ierha(is to arrangt' the woshstands. dust the 
skirtings of the rooms, etc. 

THE STILL-ROOM MAID 

The still-room maid is now hut mddom 
found in households. Her duties art' simple, 
but as still-nxini maid a bright and capable 
young girl will find she has abundant opjMir- 
tunities of Imming many usidul details of 
household management, fienerally, sht' is n'- 
gardcHl as the liousektHqier'H assistant. When 
the housc'kfH')M*r is busy making jirtwrvt's of 
various kinds, the still-room maid will 1 h' kept 
busy picking the fniit. etc., ustHl. Sht' will 
occupy herst'lf stoning fruit in less busy times. 

The Htill-niom maid is n*s{H)nsihlo for the 
arrangement of the houHektHqM'r's rcMim ; she 
will light the fin' there, swet'p and dust the nHim. 
and lay the various meals. Wlit'n the meals art' 
prepartid, she carries tht'iy in to th«' house- 
KtH'per’s nxim, and waits at table on th<' upfsT 
servants, who lake' tlu'ir meals there. In some 
houw^holds she arranges the tlowers for tln' 
various rcKims. and pn*pares the dishes of swiH't- 
meats and dessert for tlie dining-room. 

THE LAUNDRYMAID 

The services of a laundry- maid are seidoni 
n^quisitioni'd, exciqit in large 1)ouk<>h in the 
country. The ditticulty of conducting laundry 
work satisfactorily in a large town is sufticamt 
reason for tin* work to Is- writ to the profe^ssional 
laundress, who will doubt 1 i*nh arrange* to carry 
on her work on the outskirts of flu' town. 

The laundrymaid generally |KTfomis hci 
duties in a wparah* part of the house, either 
quite detoc’hed from the* main hinldmg or else 
only communicating ^^lth it hy a yard or 
imssage. 'Phe building will eoinprim* a wash- 
nous<% a room for ironing pur|s)s<'s. with pro- 
jK^rly construeUnl stoves, and probably pressets 
or cuplsiards in which the various artich'S may 

thoroughly driisj. 

Importance of her WorK. The 

laundiy^roaid has a very im|M>rtant task, and 
much of the comfort of every memlsT of the 
family defiends on the excrellerici* of her work. 
She must candidly avoid the usi' of all chemi(*als 
and bleachisi, which so quickly rob and sjKiil 
fim' underwear. She must alsr) U* a skilful 
ironer. Tlio details of her work will be given 
under the section Latnohy Work. 

When the sf>il«d clothes and house liium are 
given tf) her. she should carefully count 
and sort it. Stains and marks should be 
removed and the difTenmt clasNea of material 
sorted, in order that tlwty may Ist subjecUsi to 
the correct treatment. Home of the clothes will 
need careful soaking, and this may In'! done the 
day before the actual washing prfMmt* begins. 


Cemtinued 
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THE OLDEST, OR IGNEOUS ROCKS * 

How tbtf CooM mod CrfttmBimmd into their p r eecc t formetion. 
The Ten Paanliee of Ifncons Rodoi end their Oiemctefietke 


By W. B. GARRETT FISHER 


\T/E here eecm ihet the tfmoms rooke miiet be 
^ the oldest of ell* end ee it k elwe^ wdl 
to follow the order of Nature, we ehalf begin 
giving an account of the most important 
oonetitnente of the earih'e ortuit which belong 
to thii olaM. Then we ehall describe the 
mtdimenUi^ rocks* which have been derived 
from the Igneous b^ the work of natural agents* 
by weat bering* attrition, and depok tion. UwUy* 
we shall glance at the meiamorjtkie rooks, which 
share (he obaraoteristios of both these main 
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Thn Igawoua RoolUi. The tgaectu rooks* 
as their name lroplios->from the Latin ignis, 
tire — have oomo into existence throoch the 
action of beat. Hie older geologists divided 
them into two groat groufNi, according to the 
cireumsiatioee m which they were prepared 
in the va<it laboratory of Nature. IxKiking 
hack at the history of the 
earth, as described in an ' 
earlier chapter, we see that 
the whole suhstatioe of 
which the eartii’s crust is 
now composed was onoc in 
a state of fusion. Thus 
every iXHik whirh we can 
find on Uie surfac^^ of the 
earth must ont^o havti 
formed ^mrt of an igneous 
mass ; in other words, it 
was once liquid, like the 
lava which pours from the 
vent of an active volcano 
or the slag of a blast- 
furnace which is skimmed 
off the molten iron. But 
it would be vain to hope 
to find any part of the earth*i surface still in the 
condition in which it was left when the molten 
rooks first solidified. The natural agents of 
change* which we shall study in a later chapter — 
wind and rain* ice and nmning water, and aU 
the powers of the air--have \i&a at work for 
ooontlesB ages to modifjr those primitive con- 
ditions. 

Volonttio and Flutoaln Rnclin. It 
is clear* however* that the igneona rooks whiob 
we now recognise have had mhr origin in two 
ways. They may have been eoUdifted deep down 
bsoeath the surface of the earth* and have 
gradually made their appeaiaace at the level of 
tlM whom we can now etady theoBu by the 

doQole action of those fbioia whidi gradoally 
npraiee the lower strata in one part of Uie earth* 
mile they depress the Q|^er portions of the 
erast in anodmr; or they may have bean 
e a qpoatd to view by the slow den o datkm whieh is 
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caused 1^ the action of the weathering agaaiti, 
which ako break these rocks down into sedi- 
m^taiy forma, and which are capable— given 
sufficient time— of removing strata thousands of 
feet in thioknoes, so that the giant masses of the 
Alps are but the trifling remains of the incon- 
ceivable mountains which once reared their 
summits Into prehistoric sky. Again, the 
igneous rooks which we now find on the earth*8 
surface may have been brought to the ground- 
level in a liquid form by what we call volcanic 
forces, as k even now happening at Vesuvius, 
Krakatoa, Mont Pel^, or the other active 
volcanoes which survive from the remote age 
when they were far more active and more 
nummouB. Igneous rocks whieh were produced 
in the latter fashion arc called volcanic, whilst 
those which solidified deep down, and have* 
since been revealed, are called jdukmic. Hiese 
names are derived from 
those of two Greek deities 
— Vulcan, who a^as sup- 
posed to work insiae 
the burning mountain of 
Etna at forging the bolts 
of Jove, and Pluto, who 
was the mlor of the 
under-world. 

Phyalonl Dintlno- 
tlona. These two divi- 
sions correspond to well- 
marked physical distinc- 
tions in the two classes of 
rocks. The volcafiic rocks, 
which mainly cooled on 
or near the surface, natu- 
rally solidified tar more 
quickly, and are therefore 
marked by a much finer ory8talliDjactnicture[see 
Phtsios]. Sometimes — as in obsidian, or the so- 
called volcanic glass — they show no crystalline 
stnicture at all. Often are full of holes, or 
vesicles, loft by the escape of the gases with wli^ 
Ihi^ were chaiged when th^ first escaped from 
the vent of the vtdeano. Pumke-etone [88], in 
which the holes are more mrtenkve than the sub- 
stanoe, k a familiar instance. In general* they 
idoeely iseemble the slag which the stodent can 
esamum on the refuse heaps of a Uast*foniaoe. 
Voksank products may be mtper/UM, poured out 
in vast sheets on the surfooe, ortairiisfiis* thrust 
up in ^fifces or bosses firom the hot interior. The 
piutonio rocks, however* eohdified deep down 
under the earth* and consequently cooled so 
•lowly that they had time to deislon a well- 
marioMl and fmq^ieatly eoane ofvstali&Be stmo- 
tore. The immense prenraie of the superin- 
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lkek--«liBpRotod ibcte rooks ss tW oooled« 
itnd gRfe r bloso textoro wtuon left no 

room for the Testdes, or bnbblee, so ohareoter- 
istio of the Totosnio rooks. There aie other 

distinctions, but 
these two are 
snffioient for the 
beffinnw to note. 
Voioeiuo rooks 
show small oiys- 
tals, or none at 
all, and are often 
loose in texture 
or full of holes. 
Plutonic rocks arc 
close in texture, 
and show large 
orystals. For the 
purposes of ele^ 
mentaiy descriptive geology, however, this dis- 
tinction. though it must be clearly understood, 
need not be used in classifying the inieous 
rocks. The same rook is found in both con- 
ditions, according to the cir- 
cumstances in which it was 
produced. 

Crynta 1 1 inntloo of 
Roclia. Once upon a time 
all the igneous rocks existed 
in the form of a liquid lava. 

This liquid a as closely akin to 
ordinary molten window -glass, 
which consists, like it, of a 
mixture of silicates. Of course, 
it must not be thought of as 
transparent, because it con- 
tained a great many impurities 
and colouring matters from 
which the glw of our manufacture is care- 
fully purified or kept free ; but in all essentials 
it •was glass, and sometimes ooolfxl, as in 
the case of obsidian, into a substance hardly 
to be distinguished from the coarse glass which 
is made for bottles. If it was allowed to 
cool slowly, however, its components arranged 
themselves into crystals of the fundamental 
forms oorresponding to their chemical composi- 
tion, and the slower the cooling the more com- 
plete was this process of crystiulisation. Some- 
times it was cut short in the middle. Part of 
the liquid had crystallised when the remaining 
magma — as it is technically called — was solidified 
so fast that it had not time to form ^stals. 
Oinseqnently, we find igneous rocks which may 
be whoUy omtalline, like some granites, or 
partly crystalline, with the crystids set in a 
formless matriz, like porphyry, or not crystalline 
at all, like obsidiaa. 

Again, the igneous rocks differ widely in their 
chemical composition, though they are all com- 
posed — ^with insignificant exceptions — of tlm 
minerals which have already been described. It 
b true, the way, that the exceptions are 
inaignifioant from ageological point of view ; but, 
humanly speaking, we must treat them with 
reimect, as they iiudude some of the orea from 
whli^ our onnenoy and much of our mann- 
feetnsea are derived. 
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Clanalllontrom of Igaooua Roc:IU. 

There is as yet no thoroughly satisfactory 
riom/Soalfoa of the ignwus rocks. Then* are 
several more or less effieteni systems bv which 
such a classification may be attempUnf. It is 
quite unnecessary to trouble the huuiier with an 
account of these. One ni*ed only nny that nx*ks 
may be sorted into groups in ditfen*nt ways, 
according as we consider their chemical compo- 
sition, their textun*, the minerals of which they 
are built up, their mode of occummev in the 
field, their origin, or their distributiem in time 
(geological age) or space (locality). Various 
attempts have been made to discover a nMiUy 
scientific principle of classification, but as yet 
they have not been wholly successful. It 
depends on the object of study whether one or 
another of the various methods proves to hi^ the 
most convenient. For our purpose, the learner 
may be recommended to the clnssiHcation 
adopted W Sir Archibald Geikie in his Text 
Boole of Cfeology,” Book II., Part 2, StHJt. vii., 
whore it may b^* studied at length by tliose who 
desire a closer acquaintance 
with the leading igm*ous nn^ks 
than we can give in tlu^se nmni- 
sarily brief pagi«. It will be 
understood that the student 
must supplemimt this part of 
the course by an examination 
of the various rocks, Injth in a 
museum and in the field, and, if 
possible, by some work in a 
petrological laboratory, and in 
a field class. It is sufficient 
here to give an abstract of Kir 
A. Geikie's classification, which 
is bascnl on the chemical and 
minerslogical composition of the igneous n)cks, 
and arranges them in a prt)gr(.<<8sivc order, 
according to the projwrtion of silica which they 
contain, from the most acid to the most Imsic. 






MICA (MUSCOVITE) 

4 From MsdrM 

[See tbc course on Chemistry for explanation 
of these terms.] There are ten family of the 
igneous rocks, which Hlr Archibald Geikie divides 
as foUowa 
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Ormnite Fftmlly. This i« hy far the moei 
iinm>rtant family of igneouH rocks. The granites 
and their allit^ c(»m)>ofie a very lar^ projxirtion 
of the earth’s ('runt, and everylx)^ is familiar 
with the vast rock-tiiaaMeH and imposing cliffs of 
granite uhii^h play m large a part in the har- 
monies of the UTrt^slrial landscra|>e and in the 
operations of human architecture. They are 
chiefly plutonic in origin. 

(jJbanitk consists typically of the three 
minerals, quartz. felsf>ar, and mica, which form a 
thoroughly crystalline aggregate. There are 
very numerous kinds of granite, which vary (a) 
in the sizf^ of the crystals, sometimes so coarse 
AS to 1h* wveral inches in diameter, sometimt^ so 
fine that the naked eye cannot distinguish the 
crystals of the various minerals from one 
another ; {h) in the ehemical composition of the 
fels|)ar and mica (see H(H*tion on MiNEKAii^]; 
(r) in the presence of other minerals in addition 
U) the quartz and felspar which are c^sscmtial to 
the constitution of a granite. For a more detailed 
iieitount of tlu^e varieties 
the student must refer - - 


felspar which might be mistaken for granite ; hnt 
the more common form is that of a finely crystal- 
line ground-mass of quartz and felspar, in which 
fiocasiona] larger crystals of these minerals arc 
scattered. 

Obsidian, or volcanic glass, is a glassy form of 
rhyolite which strongly resembles bottle-glass, 
and, like it, breaks with a conchoidal fracture. 
It is usually black, brown, or green. About 
75 per cent, of its composition is silica, with 
about 13 per cent, of alumina and traces of other 
oxides. Its glassy structure is due to its having 
solidified so rapidly that there was no time for 
crystals to form. 

Pumice is a rhyolite which has cooled 
whilst so full of escaping gases that it has 
developed a spongy, cndlular texture, like 
}*et.rilied froth. It is a characteristic volcanic 
product. 

Felsite is a rhyolite wdiich was originally 
glassy, but has lK*en devitrified by the process 
of time until it has developed a characteristic 
stnicture, w'hich often 
(*auses it to lx* confused 


to (iiMkii* — nr to Teull’s 
“ British Petrography.” 
He will lie well miviiud 
also to study all the 
sjM'rimens of granite in 
any a4’(Hissible geological 
museum, from which he 
will Icam how a single 
rock may pn'wnt itsidf in 
innutm^rable and excKMl- 
ingly vnritd forms, which, 
nevertheichs, can all Ix’' 
nderred to a single family, 
l^iev siY* the mtwt acid — 
contain the most silica— 
of igniHius nK;kH. 124- 86] 
(IkaKITE - I’ORrilYRY is 
a finegniintd granitoid 
rtx^k, which consists of a 
very fine crystalline ma- 
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with conglomerate. 

PiTCHHTONK represents 
a still further stage of 
devitrification, and has a 
resinous or pitch - like 
lustn*, whence its name. 
It is a volcanic gloss, con- 
taining tiny crystals of 
quartz, felspar, born - 
blende, etc. 

Syenite Family. 

Syenite, the rock of Syene, 
is a holocrvMtalline mix- 
ture of felspar and horn- 
blende, with which mica, 
augite, magnetite, and 
quartz an* sometimes asso- 
ciated. A typical syenite 
is a coarse-grained mix- 
ture' of llrsh - colourtHl 


trix of quartz and fels{xir, 

Uxiking almost homogeneous to the eye, through 
which are sc^ittertd lar^* crystals of felspar. 

Quaktz-J'ORphyrv is a nx^k consisting of a 
('lose -grained matrix (grey, brown, or pink) of 
(iiiartz and felspar, through which are disposed 
oistinct e'rysials of quartz. 'Fhese peirphyries— a 
term revM'rvcd for rocks consisting of finely^ 
crystalline and ap|)arent)y horoogenemu ground* 
miueses. through which larger crystals are scat- 
te'rtd— supply some of the most ornamental of 
our building stones. Thev are often confused 
in popular language with tne marbles. 

KhyotllM Family. The rAyofifes are mainly 
of volcanic origin. TTieir name siniifies this, 
l>eing derived from the Ortx'k W’ord ”to flow,” 
They are distinguished from one another by 
variations in texture, depending on the con- 
ditions in which they cooled from the great lara 
outbursts of the early world. 

Rhyoute is a typically acid lava, with a high 
percentage of silica (77 or more). 1 1 varies much 
m structure and texture. Borne variations con* 
siai^of a oiTstaUiiie aggregate of quarU and 


orthoclase felspar and 
black hornblende. There are many varieties 
of syenite, w hich are chiefly found as volcanic 
or intrusive shtn'ts and dykes. Though less 
abundant than the granites, they play an 
im]K>rtant part in the formation of rook-masses. 

Elneolite-Syenite Family. These are 
also intrusive rocks of volcanic origin, which 
art* characterised by the association of the 
variety of nepheline knowm as elaeolite with 
orthoclase felspar. No quartz is to be foimd in 
them, since they do not contain enough silica 
to crystallise out in this form. 

Diorite Family. These rocks possess 
a jpanitic structure, but contain lees silica 
and seldom any free quartz, whilst they differ 
from the syenites in containing felspar as plagio- 
clase instead of orthoclase--soda-lime felspar 
instead of potash felspar. From their typical 
colomr they were formerly known as “green- 
stones ” — a term which has no scientific founds- 
rion, though it is still often used for convenience 
in a hasty classification of rocks in the field. 

DiOEiTx is a holoeiystalline mixture of plagio- 
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tmm of o4lk«r 

^ , Midi •• niMi wmI magnetite. It cob- 

tabw alKMit SO pM* oent. of nliea. 

Temoliyti* FMidIjr. Tim frodbs^ are vd- 
eaiiie rodn wImm» mmie dgniftwi that th^ 
p fea en t a roui^iiaw to the finger. Their eeaential 
coBiUtBeBt ia uuudiBe, a f^aai^ eanetp of ortho- 
olaae fdinar. Tradk^ is a lava of ti^tiary and 
poat-tertiary times, which is found in most of the 
Toloantc rej^ons of Europe. Special varie- 
ties are pJkmo/He, or eidnkaUme, which ^ves out 
a rhararteristic rinjnng sound when it is struck 
with a hammer, and traekyU gloM, a variety of 
vokanio glam which is less acid than obsidian. 

AndMitn Family* .dademfs#-— originally 
found in the Andes — are more basic than 
the trachytes, from which they are also dis- 
tinguishea bv having 
jdagioclase as their felspar. - 
TTiey usually have a com- - 
pact ground-mass, in which 
prisms of felspar are scat- 
tered. They contain about 

10 ner cent, of silica. 

dabbro* Dolarli«» 

Baaalt Family* 

11 s is an interesting series 
of Igneous rocks, charac- 
teiv-'^ by their small per- - * 
eenl^ geof sUica. “ At the 

one ''xtreoM* come rocks ‘i 

with a holocrystallinestnie- ^ 

'^ture like the gahbros, pass- 
ing into others of a hemi- . . 
crystalline character 
(dolMTites) where, amid 
abundant crystals, crystal- 
lites, and miemlites, there 
are still traces of the original 
^aM, and then graduating 
into ty^ where the texture is sUll closer, with 
mord i^ndant ground-mass and often a more 
basic composition (basalts), until at the other end 
come true hlwtc volcanic {passes, which extern- 
ally might be mistaken for the pitebstones and 
ofamdians of the acid rooks. The more coarsely 
cfyataQine (holocrystalline) varieties are almost 
always intrusive in bosses, sills, or dykes. Those 
of cloeer texture are often found as superficial 
lavas as well ss in intrusive forms ** (Geikie). 
After the granites, this is probably the most 
important and numerous group of igneous rocks. 
We can only find space tor a few notes on the 
leading typm. 

Gabbbo m a coarsely orystaUine rook com- 
posed of pla^^lase (soda-lime febpar), with 
pyroxene, olivine, and magnetite. Tne silica is 
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about AO ner cent. The stmet itre is usually 
similar to uiat of granite or granitoid. 

Dolxbitk is usually holocrystaUine, and iM>n* 
sists of fdagioclase, with a ferro-magneeiao 
Bftineral (au^te or olivine) and magnetite. 
Silica about ftO per cent. 

Babalt is a Mack, venr compact, apparently 
homogeneous rook, w'ith a eoncboidnl or fflasay 
fracture, in which the constituent minerais can 
only be observed with the microseope, which 
reveals a minute crystalline structure. Basalts 
consist of pli^oclase, pyroxene, olivine, and 
magnetite, and contain fiom .33 to fiO per cent, 
of silica. The basalts, of which there 
numerous varieties, are typical products of 
volcanic activity. Some occur as the remains 
of superficial outbursts, but more commonly 
they are intrusive, and 
1 appear in great dykes and 
b^ses which have been 
thrust up to the surface of 
the earth from the heated 
regions of the inferior crust. 
Basalt often passes into 
the condition of volcanic 
glass when it has cooled 
. vety quickly. [87, 88] 

LlBobMrgita Family. 
These are volcanic rooks of 
highly basic composttion, 
in which felspar is wholly 
absent. Limlmrgitc is a 
fine - grained to vitreous 
I rdek, composed of augite, 
I olivine, magnetite, and ajia- 
W alanit 42 per 

cent. Augite consists of 
augite and magnetite in a 
glassy matrix. 

Paridotita Family. 
These rooks are the most basic and contain the 
least silica, avoiding about 40 per cent., of all 
igneous rooks. ITneir chief constituent is olivine, 
with, augite, hornblende or mica, and magnetite. 
They are holoorvttalline when fresh, but are 
usually found in altered states. They are mainly 
intrusive forms of volcanic rocks. 

SebpxntIxb, as a rock, is a massive form of the 
mineral sernentine, which is a product of the 
alteration of peridotites containing olivine. It is 
a compact or finely granular rock of a charac- 
teristic dirty men c^our, streaked with brown 
or red, like tne scales of a serpent, whenesR its 
name. It is a bvdroos magnesian silicate, which 
is formed by tne action of superficial agents 
from the olivine originally intruded by volcamo 
action. 
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Tho RIimU Our model for tiiui leaeon it 
tlie ringt which well illuiitretet two impor- 
tei»t mneiplNi to be obiirrved-~vf*, / 

1. ^et although the rim of an oliject, auch 
aa that of a cup. vaae, wheel, etc., ma^ be the 
aame thiekneai aD round, yet it will not nece*- 
aarily appear ao. 

A How the wheela of vehiclea. machinerr. 
etc., ahould be draan. aa regarda not merely 
the appaiently varying thiekneea. but the 
apparent direction of then major axea. 

KoHnofktnl PooltioM of tho Rlnt. 

Figurea S4t and 848 indicate how the con- 
atruotion ahould be made when the ring ia 
lying in a horizontal plane. The firat difficult 
ia w^ regard to the direction of the major axia, 
and when determining thia the atudent ahould 
not lie milled by the apparent direction of the 
edgea of aurrounding objecta, auoh aa the ec^es 
of. aay. a board, box. table, etc. Whatever 
the apparent direction of the latter may the 
major axis of the ring or wheel will always appear 
Koriur/dal when the ring is lying in a Mriionial 
plane. Thia should be verihed by the student 
ny placing the ring on a flat table or board, ao 
that the ed^ of the latter are receding from 
Him in various direct ions, aa in 847^>fnd 848. 
Therefore, oomroeno© the eonatruotion by 
drawing a horizontal line AB for the major 
axis of the t<ip outer ellinae, carefully observing 
bow high or how low it anouM be with regard to 
netghlmuring objecta. 

When the length of A B haa been flxed. bisect 
the axil in the point r, and through C draw the 
minor axis IJBski right aimlea to A B, Then find 
out the apparent leimth of thia minor axia com- 
pared with AB, and through the four points A, B, 
D, and M draw the curve of the elfipae. which 
repreaenta the outer top edge of the ring. Now we 
come to the moat impwtant principle to be ob- 
served conoeming thia and aunilar objecta, and 
that », aUhemghJhe top inner edge is reaUy paraUd 
with Bw oyter edge, it does not appear so. By 
careful obaervatim of the model it will be seen 
that the ring appears coneiderably wider at 
AF and JB loiuow the ends of the major axis 
than it does at JfOand I>H, the ends of the minor 
axh. The atudent should now make further 
experiments with cups, vases, jars, etc., and ha 
will find that there ia generaUv aa apparently 
wider thIekneM at the ends of the major axis 
than at the ends of the minor axis. More 
illostratiotta boarmg on this point will be given 
later when dealing with vases vanoua shapes. 
Thus it will be seen how important it is to 
detmahie the thickness at AF, JB, 

B€h 4uid HD vaep aeonratriv. It should be 
hoImI that the major axis of the inner ellipse 
does not quite ooinoide with that of the oater 
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ellipee, but is very slightly above. The further 
top thickness, Du, is also apparen^ slightly 
less than the nearer top thiclmesa EO. Then 
draw the inner ellinee tnrough the four points 
E, O, J, and H. Now find out the apparent 
upright thickness EK, which is pracUcaUy aboyl 
the same as AF or JB but theoretically a little 
larger, because EK is slightly nearer than 
A F or JB, but the difference is scarcely appre- 
ciable, unleaa the ring is very large. The lower 
outside edm, it must be remembered, is part of 
another eUipae vertically under the top outer 
one, which was drawn first. In 841 and 242 the 
eonatruotion shows the invisible portion 
dotted lines. There is yet another curve, thia 
lower and inner edm, which is but litUe seen in 
841, but better in 848. This curve is also part of 
an ellipse, as shown in 841 and 242, which wUl 
explain better than words what the curve 
appears like, and its relatton with ^e upper 
arc inner ellipse. 

Oblique Poaitiona of the Ring. 

FiguM 84S and 845 are representations of the 
ring in a leaning or slanting position. When 
begmneni attempt to draw such views they 
Merally make a very bad mistake about the 
airection of the major axis AB, liecause they do 
not use their eyes properly, and do not know 
the very good guide, that if the pencil is held 
BO that it apparently passes throi^h the two 
points C and D — the apparent intersections 
of the upper and lower inner edges — the major 
axis appears to be in Ikf same direction, but not 
exactly in the same position, for the major axis 
is practically midway between the* point E on 
the further side, and F on the nearer part of the 
outer edge. The above guide holds good when 
the ring is in any position whatever [see 841 to 
845]. After the dilution, position, and length of 
the major axis are determined, the construction 
is the same in method as in 841 and 848. Tne 
student should remembw and see that the major 
and minor axes are always at rij^t angles to each 
other. 

Vwrticnl PonlUon of tho Ring. 

Figure 844 is an interesting and important view, 
supposing the ring to be below the eye-level, 
and standing in a Teriical plane, as the wheels 
of a cart or carriage might be. Here, again, 
beginneiv make errors, because they think the 
major axis must be upright since the ring is 
opHght, but it is ntd necesearUy eo ; in fact, 
the axis can only appear vertical when the centre 
of the ring is exactly on a level with the eye. 
The above statement should be compared with 
what was explained about the cylinder in the 
position shown in 148, and the student will ffnd 
that the law is leaDy the same, for the rmg may 
be aooMmd at a hollow cylmder with ita 
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WR receding to the right in 144 in the direcUon 
DC ; Iherefore, the major axis AB mu»t be 
drawn at right angies to /X?— the axis ol the 
object. 

Appllcatloii of Abowo Prtociploa, 

See how the foregoing prinoi]de is applied in the 
drawing of the clock m HS. where an imaginary 
line through 1. and VII. for the major axw of 
the dial is at right an^ to AB, the axis of the 
dock, although the moe is really in a verUcal 
{dane. The dock is assumed to be above the 
^•Wvd. 

Amdn* in tM the mi^or axes of the two wheels 
are both at right andes to tiie axle of Uie cart 
Thus, the kitgeet cureotkm of the ‘ 
apparently slanting, and yet the 
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upright hi reality. Far- 
ther attentioii snonld he 
given to Uie width of the 
rim of the front of the 
dock In > 44 ; the hat 
brim in 847 ; the rim ci 
the {date in 844 ; and 
the widths AB and CD 
(at the ends of the major 
axes) of the rim of the 
wheels in 814 . which are 
wider than EF and OH 
at the ends of the minor 
axes. 

Rules nnd the Psr- 
esptiwe Fncultles, It 

is necessary that studmits 
should not merely draw 
by rule, but they should 
endeavour to so train 
their perceptive faculties 
that, after a time, the^ 
may be able to sec intui- 
tively, nay, almost with- 
out effort, the varying 
changes in the appear- 
ance of an object. Rules, 
if correctly remembered, 
will give much guidance 
with regard to hotc to 
see. There are, unfor- 
tunately. many students 
who retain only a vague 
notion, or even, perhaps, 
a distortion or transfor- 
mation, of some rule 
which has been explained 
to tliem, and then, of 
course, the rules are 
worse than useless. 
Therefore, tiy to re- 
member rules correctiy, 
and, as well, do all you 
can, by practising draw- 
ing, to improve the hand 
in skill and the eye in 
seeing aright. 

PRACTICAL 

GEOMETRY 
Circles Touching 
Linos srd Circles. 

The problems in this {>art 
depend for their solution u{mhi the following 
truths in Euclid : 

i. If a straight line be a tangent to a circle, 
and from the point ol contact a line bejdrawn 
pernendicular to the tangent, the centre* of the 
circle shall be in that line (Euc. III. 19). 

ii If one circle touch another intemally m 
any point, the straight line which joins their 
ceoUes being {woduoad shall pass through the 
pomt of contact (Euc. HI, 11). 

Ut. If two circles touch each other extenudly 
in any pemU the strai|^t line which Joins Uieir 
centres shall pam through that point of eon- 
tact (Euc. riL 18). 

8M. To limouBE a Goclb ur a Omm 
Tsuholi ABC, Bisect any two angles ABC 




and BCA by UaM ialerfeot^ at />. Fktm /> 
draw DM mrpeedioiilar to eitto of the eidee of 
the Iriaagle, then DM h tho radius and D the 
omtie of the requked oirok. 

til. In A Qivxk EguiuiiBiiAL Trianqlk 
ABCf lo IvscniBB Thjuui Bqual Circubs, 
Each lo Touch Onr Sidb ahd Two Ciiicues. 
Biefct the angke by lines which abo bisect the 
sides in A A and A and intersect at O, In- 
scribe a circle in the triangle OBC (Prob. S17). 
Mark oi! GJ and OK^ each equal to GH, then 
J and K are the centres of the other circles. 

8SS. In a Given Squakr ABCD, lo Inscribe 
Four Equal Circles, Each to Touch One 
Side and Two Cibcijes. Draw the diagonals 
and the diameters inter- 
secting at E. Inscribe 
a circle in the triangle 
EBC (Prob. 217). With 
centre E and radius EF 
mark off BO. EH. EJ. 
each equal to EF. then Q. 

H. and J are the centres 
of the other circles. 

2&8. In anv Given 
Regular Polygon (say 
ABCDEF). lo Inscribe 

as many ^UAL C'lRCLSS 
AS 1 hr Figure HAS Sides. 

Each C'trci.k Toitching 
One Side and Two 
('IRC LBS. Divide the 
figure into equal tri- 
angles and inscribe a 
circle in each, as shown. 

2ft4. To Inscribe a 
Circle in a Given 
Hquare a BCD. Draw 
the diagonals and dia- 
meters to find the centre 
E, and with radius EF 
dt^ribe the circle. 

m. Within a Given 
Square A BCD. to In- 
scribe Ft>rB Equal 
(Circles, Each Touching 
Two Sides and Two 
Circles. Draw diagonals 
and diameters as More. 

Join F. O. H. and K. 

The interseetions L. M. 

S. O. with the diagcmals. 
are the centres of the 
cheks. Join L and M. 
then LP or MP is the 
radios required. 

252. To Inscribe a 
C lETLB m ANT ReoULAR 
Polygon. Bisect any two 
■agks ABC and BCD. 
tbm M is the centre, and 
a perpendicular (say MF) 
mm M to eitlier of the 
sides is the radtiis. 

Sf7. To INBCBIEB A 
CiECLB nr A Giyen 
Reomeus ABCD, Draw 
the dkgonak to find the 


centre M. and a perpendioalar (say MF). trom 
M to eitlier of the skim is the radius. 

258. To Inscrtbb a C*irclk in a Given 
Teapesium ABCD. Draw the diagonal JC. 
and bisect one of the other angles, then K is 
the centre, and the radius is a perptmdioular 
to either of the skks. 

282 . Within a Given Equilat rral Triangle 
ABC. TO Insceibr Three Equal Circles. 
Each Touciuno Two Sides and Two Circles. 
Bisect each of the angles by the lines AK. BD. 
and CF. thus obtaining tlir^ equal iram^xiums. 
in each of which inscritH> a circle as in 258. 

280. To Inscribe a Circle in a Given 
Hrct or a B{\ Bisect the angle by A D. Through 
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D 4r%w * taiimii DE to maei eitiwr AB or AC 
prodooed in E. Biiect tlie AED by the 
iiiie EE itttoneoiing AD mi F, which ie the 
centre, end FD the redhia of the required circle. 

t 61 . To Dbsctsibi a Ciuciji lo Touch ihb 
Age or A Sgoi OH AHD 1 hvT wo Kado Peoducmd. 
Btaeot the Angle BD intereecting the ere at 
£. Through E draw the iaagent EF. Bkeot 
the angle EFQ by the line FH intmeoting BD 
in //, which ia tne centre, and HE the i^os 
of the circle. 

MS. To IgacKiBi Any Numbkb or Cibcles 
IN A Qivbn Circle. Divide the circle into 
twice ea many eectom an circle* required, and 
inacribe a circle in each aector (Prob. 260). The 
centres are found aa shown by the dotted circle. 

S6S. To Dbbcbibe Any Number (bay Four) 
or Equal Circles About a Given Circle. 
Divide the circle as in 262 and produce the 
(liametem. At the prjint A draw a tangent BC. 
Then proceed aa in 261. The other centre* are 
found as shown by the dotted cirole. 

264. To Describe a Circle of a Given 
Radius AB lo Toi’iim a Given Circle C and 
A Given Line DE. Draw FO parallel to DE 
at a distance equal to A If from it. With 
centre C and radius equal to the sum of the 
radius of circle C\ plus AB» descrilie an arc 
cutting FO in H, which is the centre required. 

266. To Describe a Circle or a Given 
Radius, Touching Tw’o Given Circles Ex- 
iernally. lA't AH be the given radius. Find 
the centres C and 1) of the given circles, draw 
radii CE and I)F and produce them. Set off 
EO, FH equal to A if. With centre C and radius 
CO doacribo an arc. With centre D and radius 
DHt inteiwot in K. With centre K and radius 
AM describe the circle. If the arcs were con- 
tinued the centre for another circle would be 
obtained. 

266. To Describe a Ciiu^lk lo Touch a 
Given (Circle A in a Given Point B, and to 
Pass TiiRouon a Given Point C, Either 
Whhin or WiiHOUi iHE C'^RCLR. Join B and 
C. Bisect BC by a perpendicular DE. Join 
B and A and pr^uce BA to meet DE in K, 
which is the centre and BE the radius of the 
circle required. 

M7. To Debcribe a Circle to Touch a 
Given Circle ai a Given Point A , and a 
S iRAiam Like BC. Firtt eHtnuMy : Find A 
the centre of the given circle, and draw DE 
through A. At ^ draw the tangent A F meeting 
BC in F, With F as centre and FA as radius 
describe an arc cutting BC in G. At G erect a 
perpendimdar to BC intersecting DE in A which 
is the centre. Second.^ including Ike given circle : 
Draw the radius AD and produce it beyond A 
Draw the tanflent AF meeting BC m r. Make 
FO equal to FA, At G erect a perpenflUoular to 
BC meeting AE in A which is the centre, and 
EO the radius. 

Mt. To DEBcmniB a Cceclb to Tough a 
O iVKN OtMldM AND A StBAlOHI LlNB AB Al A 
Pdiny C, PsrW mUrwallg : Find A the centre 
of the given eirde, and draw jperpendioalar 
to .A A and produce it to J6. JohiAC. Throi^ 
F (vdMre EC cuts the given circle) draw w 
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inteneettng a peroendienlar from C in G. G is 
Uie centre and OC the radius of reouired cirole. 
Second, including Ike eircU : Find the centre A 
and draw the perpendiculars AD and CO as 
before. Through B (the intersection of AD 
with the circumferenoe of the given ctiele) draw 
CF cutting the circle in F. F and D 

draw FO inteiRecting CO in G, iwch is the 
centre, and OC the n^us of required cirole. 

266. To Describe a Ciecle or a Given 
Radius AB, lo Touch Two Given Circles, and 
Include Them. Join the oentree of the circles 
and produce the line both wavs. Mark off FE 
and OH equal to given radius AB. With centres 
C and D and r^ii CH and DE respectively, 
describe arcs interseoting at K, which is the 
centre of circle required. 

270. To Describe a Circle to Touch Two 
Giyen Circles A and B. and One or Them in 
A Given Point C. Join A, the centre, with C 
and produce. Make CD equal to the radius of 
the other circle B. Join B and D and bisect BD 

a perpmdicolar intersecting 0^4 produced in 
which is the centre, and EC the radius of 
the required cirole. 

271. To Describe Three Circles to Touch 
Each Other, ihbib Radii A, B, and C being 
Given. Draw any line DE, and set off on it 
DF and FO equal to A and B respectively. With 
D as centre and DF as radius describe one 
circle. With O as emtre and OF as radius 
denorilH? a o^'cond circle. Mark off FH and FJ 
each equal to C. W|th centre J) and radius DJ 
descrili an arc. With centre O and radius OH 
describe another arc intersecting the former in K, 
the centre of the third circle, whose radius is C. 

272. To Describe a Circle which shall 
Pass Through Two Given Points A and B, 
and Touch a (iiVEN Circi.e FOC. Describe 
any circle passing through A and B, and cutting 
the circle FOC in C gnd D. Tiirough C and D 
draw CE to meet A B produced in E, From K 
draw a tangent EF to the circle FOC. Then F 
is the point where the described circle will touch 
the given circle. Describe a circle to pass 
through the points A, B, and F [see 200]. 

Foiled F^uroo. The following problems 
relating to foiled figures are exceedingly useful 
in geometrical design for window tracery and 
oth^ ornamental forms. It should be observed 
that in 274-282 the foiled figures are formed of 
eemicircular arcs, hut in 288 of tangential arcs. 

278. To Inscribe a Semicircle in an 
Ibosceles Triano^ ABC. Bisect the angk 
BAC by AD. Bisect the angle ADB by D^E 
cutting AB in E. Throimh E draw EF parallel 
to BC. Upon EF dpeoribe a semicircle. 

274. To Inscribe, in an Equilat seal Tri- 
ANQLE ABC, Tamn Equal Sbmicieolss, Each 
Touchino One Side and havino three 1^> 
meters Adjacent. BiMct each an^ of the 
trianc^ ^ ^ and CE, Bisect 

the an^ AFB by the line FO cutting BD in G. 
Through G draw OB and OJ parallel to BC and 
BA respectively, HJ. On the rn}e HO, 

OJ, and JH deiKnbe semietrelea as shown. 

876. In a Square ABCD , ioInsgeibb Four 
Equal Srmicircl» haviro three Deakrtres 



AiaAGBNT, Eaob io Touch Ohb Sn>x ov ihb 
Squahh. Draw thx dUigoiuJt mad duuneton. 
Biseot Uie Hii|^ EFB by FO^ Mid obtain the 
iiiiMir OHJK. Upon each side of this 

sqosfe ooDstruot m semicircle. 

S76. WnKiK A Rboulah Polyook, sat a 
Hxxaoon, 10 Inbcribx as Many Snacncues 
AS inx ^OUKH HAS SiDBS, EaCH TOUCHING 
OnB SIDK AKO ha vino IHBIB DlAMSlEBS AD- 
JACENT. Divide the polygon into equal triangles 
and inscribe a semicircle in each as shown. 

277. To Insceibx any Number or Equal 
Semicircles in a Circle, Each lo Touch the 

ClRCUMrERENOS, AND HAVE IHEIR DIAMETERS 
Adj ACENi . Divide the circle into twice as many 
equal parts as semiciroles required. Draw the 
diameters, and at the end of one of them (say at 
A) draw a tangent. Bisect the angle BAC by 
AD, and obtain BE, BF, BO, and BH, each 
equal to BD. Draw the pentagon DEFQH, 
and describe a semicircle on each side. 

278. To Inscribe a Semicircle in a Given 
Square AKBE, Draw the diagonals AB and 
KE. Describe a semicircle on AB. Draw' 
CD {^rpendicular to AK and cutting the 
semicircle in D. Join DE, and throu^ the 
intersection F draw FO parallel to DC. u is the 
centre and OF the radius of the required semi- 
circle. 

279. To Inscribe a Semicircle in a Given 
Trapseium AEBK. Draw the diagonals. On 


the shorter, AB, describe a semicirole. From C 
dxmw , CD peroendicular to BK and cutting the 
semicirole in D. Join DS, and proceed as in last 
problem. 

280. In a Given Square A BCD, to Inscribe 
Pour Equal Semicircles, Each lo Touch 
Two Sides, and have iheir Diameiers Adja- 
CENi. Draw the diagonals and diameters as 
shown. In each small square, as BEFO, inscribe 
a semicircle as in 278. 

281. In a Given Equilateral Trianole 
ABC, lo Inscribe Three Equal SEMiaBOLts 

HAVING IHEIR DlAMElERS ADJACSNI, AND EaCH 

Touching Two Sides of ihe Triangle. Bisect 
each angle of the triangle by lines which divide 
the triangle into three equal trapexiums. In one 
trapexium (say ADFE) inscribe a semicirole as 
in 279. Make FJ to FH. Join HJ and 
OJ. l^n HJ and OJ describe semicircles. 

282. In any Regular Polygon (say a Pen- 
lAGON ABODE), lo Inscribe a Number or 
Equal Semicircles, each to Touch Two Sides 
or Ills Polygon, and have iheir Diambiers 
Adj ACENI. Ihraw the lines bisecting the angles 
and giving five equal trapexiums. In each tra- 
pexium inscrU)e a semicirt'le as in 279. 

288. To Describe a Trefoil of Tangeniial 
Arcs, ihe Radius AB being Given. Construct 
an equilateral triangle CPE with sides each 
double of AB. With c^ach angle as centre and 
AB radius describe the arcs. 
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MARINEor HYDROGRAPHICAL SURVEYING 

Expteiiiiiofi of tbt Sexteiit Arttfckl Horimi and the Station 
Poiiitar. Ob a cn r ati ona of the Tidea and Sie Uat of Float! 


Bf Pfoianor HENRY ROBINSON 


IT in not propoaed in thia artide to refer to 
decp^aea aoandinge aad other apecial worka 
of an allied nature, but to oonfine the eubjeet 
to that which oomea within the province of 
a civil engiiiaer. 

Borne Si the inatmmenta that have already 
bean deacribed in Lavd Simvirnio are 
alao used in marine surveying, 'fhere are. 
however, several inaimmenta which will be 
explained before proceeding with the “ field ** 
operations. 

Tho Sextnot. This 
hand instrument [68] is 
very useful for measuring 
both vertical and hori- 
Kontal angles up to 12(f. Us 
construoiiOT is as follows : 

A mirror (A), called the index 
glnsst is fixed to an index 
arm (I), which carries a 
vernier that reads on the 
^aduated scale (H), and 
from it the values of the 
observed angles are ob- 
tained. Any movement of 
the index glass throws a 
reflect ion into another 
mirror (B), called tho hurt- 
son gUu$. The latter is 
rmidly fixed, tho lower half 
of tho glass l)eing silvered 
and the upper clear. Tims, 
a ray of light coming from 
the direotton of N [ 64 ] passes through the 
clear portion of the glass B, down the 
telescope, to the eye. A ray from the 
direction of an object at 0 strikes the mirror 
A, is reflected to M. and then, through the 
telescope, to the eye. Therefore, through the 
teleaoope come rays both from the direction of 
N and 0, each set forming a perfect image. 
By operating the index glM (A), images will 
appear to be moving over each other until the 
two under observation appear and approxi- 
mately coincide. The inoex • arm is then 
clamped by a 
screw, the 
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the objects ^ u 
until their 68i 
ooineideiioe is 
perfect. 

The angle between the two obiects can now 
be read. A small inagnlfyingglaas(M) is provided 
to aasiat the obeerver m r^tng the vernier. 
Smoked or tinted gUsses (8) of vaHooa a^dee 

me 



annA^tosMSKT of 
Mnuions IX sxxtaiit 


aie provided lor use la strong Mght, or when 
taki^ observatioOi to the sun. 

To determhie the altitude of the sun, direct 
the tdeaeope on to the borixon throi^ the 
clear portion of the glass B, the instrument 
being held in the right hand by the handle (D). 
Unoiamp the index arm (I) and bring the reflec- 
tion (made by the mirror A) of the sun on to 
the silvered portion of the glass B. Clamp and 
adjust the index arm, as previously explained, 
so that the top limb of the sun ooinoidee with 
the line of the horison, then 
read off the value of the angle 
in the usual manner. 

Tbw Saxtsint nt 8«a. 
When measuring the altitude 
of an object above the ** sen- 
sible borison with the 
sextant at sea, a oorreotion 
must be made to allow for 
the “ dip ** of the horizon 
— t.e., its apparent angular 
depression below a truly 
horizontal line traversing 
the eye of the obeerver. 
The amount of this cor- 
rection is uncertain owing 
to the variable refrac- 
tive power of the at- 
mosphere. Rankine gives 
a formula for finding 
the value of the correc- 
tion : 

Dip in Second* = x 20fl264"-8 
— 57 ''*4 •J h in feet. 

When A = height of observer's eye above the 
sea 

r = radius of curvature of tho surface 
of sea. 

Before leaving the description of the sextant 
it will be necessary to explain an instrument 
called the artificial ** horison, which is 
commonly used with the sextant. 

ArtifioUl 
Horixon. The 
angles obeerved 
with the sex- 
tant at 1 
/ measured 
the sensible 
66. aMQLas of horizon, whiek, 

axFLSonoK however, is not 

. , , always poasiUe 

on land, thecefore an ^ artafictai horim " is 
neoessary. The most suitable form of artificial 
hociion is that eonsistiiig of a tnf of mer- 
ouiy having a glass cover or roof. The 
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mmM&m [tq dbom one nuide by Mr. J. H. 
IterMid. Die ingle crtiterfed with the ertificiel 
borison is double the aotuel sogle. 

Hie thei» of the instnuneiit Is deecribed 
by Mr. F. Stealey in his book on “ Sur- 
lastnimento,^’ and is briefly os 

A smafl huninons body [flfl, M"], placed at 
a distanoe will have its image reflected 
from a level refieoUng surface TBS'], at an 
angle equal and opposite to the 

inddent ray, the angles M'AS 

and EAS' being equal Let E be ^ ^ ^ 
the place of the eye or the 
sextant This will receive an 
ima^ from the distant bodV 
sensibly parallel with in 

ME. The angle MEA will there* 
fore be double the angle of 
inoidenoe M'AS ; the half ai^le 
produces the horizontal line EH 
(provided the plane of reflection 
is level). Therefore, if we 
take half this angle MEA, as it 
appears in the sextant, it will 
give an angular position of the 
object in relation to horizon at the height 
of the eye, or be tangential to the surface of 
the ear^ If M'A8 be 30®, the angle AKM 
will be 00®, showing the elevation of the 
object to be half this angle — that 
is, 30®. The sextant takes angles 
up to 120®, therefore 00® will be 
the limit of meridian altitude that 
the artiflctal horizon will measure. 

TidM. It is necessary for the 
purposes of some marine surveys to 
take careful observations as to the 
set of the tides. It will be im- 

C ible in this course to deal ex* 

(lively with all the peculiarities 
o| tides, but a few brief observa- 
tions are necessary in order that 
some general information may be 
convojjrw Complete records of the 
tides in any particular locality would 
involve months of careful observa- 
tion on account of the variations 
that take place at different times 
of the 3 rear. In one place the normal 
number of tides per day of six to 
■even hours for ei^ rise or fall will 
often differ from another place which 
will have tides of loi^g^er or shorter 
duration. The reason of the varieties 
in the motion of tides is due to 
several causes, the hei^t of the 
barometer being one. It is found 
that a high barometer accompanies 
a low tims and a hi^ tide syn- 
ehiooiaes with a low banometer. 

The relative pocltioiia of the son 
and moon, the oireotion of the wind 
and the oonfonnation of the land 
alEeeta Mie tides ; it is the two last 
that produce gieateat irrmlarities. The 
method empiqyed m gauging riae and fall 
of tidea, wlm no pier, wrhm, etc., are available, 




!■ by erecting a Theaa pdea are 

geneiuUy oonstnicted out of an old apar, properly 
ma r k e d in feet, and firmly weighted and fix^ 
in the sM-bed in the moat ahelteiad place 
^ possible. To obtain the accurate time 
of high find low water, observations 
JL must be taken every few minutes, some 
little while before and after high and low 
water, the exact time being calculated 
from the results thus obtained. 

The direction of the tide must 

: bo obUined by float obaervatiana, 

as explained later. 

It must not be assumed that 
because it appear! to the eye that 
the tide is flowing in a certain 
direction that such is the cose. 
Take for example a tidal river. 
Tile land wrater being of a dif- 
orent specific gravity, and wanner 
than that of the sea- water, will 
flow over the incoming tide, thus 
producing two distinct currents 
in oppo«»ite directions. This pecu- 
liarity is of extreme importance 
to engineers, and it is only by 
careful float oliecrvations that the true direction 
of currents can lx* obtained. 

Floats. The direction of eiirrents con be 
accurately obtained by using various forms of 
floats. The action of tlio wind cm 
the exposed surface of a float whieh 
projoota too much from the water may 
cause it to travel in a direction 
totally different to that of the current. 


BOTTLE FIXIAT 



as little Hurfaeo ss possible is exjiosed 
to the w'ind. A simple and useful 
form of float may bo ronstruoted from 
a Imttle, as shown by the illustra- 
tion [07]. 

Where it is necessary to determine 
currents at considerable depths a float 
constructed as shown by 6i, or some- 
thing similar, must be employed. 

The method of determining the 
position of a float from time to time 
IS similar to that explained hereafter 
when dealing with the locaticm of 
soundings [70J. 

In carrying out a marine survey on 
a coast line, the configuration of which 
has been obtained W triaagulation 
(such as shown in 6t), the method 
to be employed must to some extent 
depend on local ciroumstanoes. The 
nature of the sea-bed must be ex- 
amined either by diving operations or 
by borings, the results A which should 
be noted on the plan, or chart, by 
reference letters, such as for rock, 
**s” for san^ ^m** for mud, and 
so on. 

All moorings, buoys, beacons, 
groynes, U^thooses, prominent rocks, 
etc., sbovud be clesrl^ and acoorately Miown. 
The bed of the sea is surveyed Inr mmndinifs 
from a boat with a loadea tine. All 
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Moundijigi on poblwbed charts are given (in 
lathoma) for low water at ordinary spHnc tides. 

The poaitkm of each aomiding can be obtained 
eilher ^ angular meaaorement from the shore 
to the boat or from the boat to the shore. 

The loliowing is a description of the first 
method : 

Set out on the shore a base line [70, AB] of 
known length and position with regard to the 
chart or plan. At A and B set up theodolites. 
The observers follow with the iele^opes of the 
instruments the movements of the txiats from 
which ilie soundings are 
being taken, On re- 
oeivtfig a prearrange 
signal from the l)oai. 
each attendant olsa^rves 
the angle t;etween Uic 
boat and the base line, 
thus locating that par- 
ticular sounding. ’Phe 
time also is noted. 

'fbeae angles can also l)e 
obtained, when minute 
accuracy is not requin^d. 
by employing prismatic oompasstw or box 
sextants. From the angl<« thus obtained at 
the stations A and B, the i)OHition of each 
sounding {as shown by the points C, D. E. 
and F on the illuHtration) can be determined 
and plotted on the chart or plan by means of 
a protractor. 

A better and more convenient method of 
obtaining the positions of the soundings is by 
taking observations from the boat with the 
sextant, and then by means of the ntation funnier 
they can l>o plotted 
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dir^tly on the chart. 

The following descrip- 
tion will explain the 
whole operation : 

Th# Station 
Pointer. The illus- 
tration [71] show's the 
arrangement of this 
useful instrument, 
which is employed, as 
already stated, for plot • 
ting on a chart or plan 
the position of a boat 
from which angular ob- 
servations have been 
takfm with the sextimi - 

to three well-defined 
paints on the shore, — 

the positions of these 
joints being known. 

Ibe form ot the instrument is that of a 
circular metal protractor with three arms 
radial to a common centre (8), one fixed (A), 
and two movable. The movable arms are 


observed to be, say 60®, the obeerver knows that 
he is somewhere, on the ctroamferenoe AEDB, 
on any part of which, as at E or D, the angle sob- 
tended W AB will be the same. The measure- 
ment, therefore, of an angle between two 
objects gives this information — that the observer 
is on the oircumference of a circle which pasM 
through two objects, the diameter of which varies 
according to the angle, with an equal length of 
AB. 'I^is will be seen by comparing 72 and 
72. In the former, AEB » 6Cr, and in the 
latter, AGB * 30°. Therefore, for example, if 
^4 a mariner finds that a 
rook exists at X, and 
two well-defined objects 
exist at A and B, he 
has only to take care 
that the angle measured 
between them is con- 
siderably smaller than 
that measured at X [78], 
which may be taken 
from his chart, to en- 
sure his passing outside 
its position. 

The Three-point Problem. To find 
the precise position of V.ie boat two angles must 
he taken [76]. Tliis is called the “ Three-point 
Problem.’* It is evident that where tw'o circles 
cut one another is the observer’s position, for 
though he may be at E [74]. so far as his angle 
between A and B is concerned at that position, 
the angle observed between C and F will not 
agree, nor will such agreement be found unless 
the observer is on the circle CDHF. He can only 
be on both circles at once when he is at D. 

Suppose that instead of 
taking the objects CF to 
measure the second angle, 
we take it between BC [76], 
the obeerver must be at 
the point D for the same 
reasons as in the previous 
ease. 

The observations can be 
plotted by means of circles, 
or more rapidly by 
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76. LOOATIOX OF BOimniKOS 


using the station 
pointer in the follow- 
ing manner. Set the 
angle ADB off on 
one aide of the fixed 
arm, and the angle 
CDB on the other 
side. Place the in- 
strument on the chart 
BO that the fixed mm is 


provided with verniers and ecrewa. The theory 
of the inatrumeni is baaed upon the 121st pro- 
poai^on of Euclid, Book m.. which shows that 
the angles subtend^ by the chord of the aegment 
of a oirole measured Iran any point in the 
oircumferenoe are equal. 

Thus, if the angle [78] l)etween A and B is 
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directed to B, move the inatniment about on the 
chart tall the other arms fall on the points A and 
C. The centre (S) of the instrument must then be 
the required position, and is pricked on to the 
chart If the points ABCD fall cm the eireum- 
ferenos of one circle, the point is mdetennmate. 

The Lords Commisaioiien of the Admiralty 
have imed a pamphlet on the station pointer, 
which deals exhaustively with the sobje^ 

Soundings must bo reduced to a known datum 
in order to ocmnect the level of the aca^bottom 



to that of the thom, SoondipgK of equal values 
are uftnally oomieoted together by dotted lines, 
as in contours on land, the value of the contour 
being indicated by the dots. Thus, a four fathom 
contour would be shown by four 
dots, then a space, and so on Care 
must be observed in connecting the 
soundings together, otherwise woals, 
or saodbanlu may appear on the 
chart where none in reality exist 
Foreahom Survey. The sur- 
vey of the foreshore above low- 
water mark is carried out in the 

The 


same way as land surveying, 
levelling operations shoula be ex 
tended to, and even below, low 
water by the staff-holder wading 
into the sea. The levels so ob- 
tained are more accurate than 
those taken by soundings. Should 
the work have to be carried out 
at night, the cross hairs and staff 
require illuminating, which may 
1)0 done in the following way : A 
mirror is soldered to the top of the 
cap of the telescope in such a 
position that it projects down- 
wards ov^er the object-glass, making 
an angle of 45° with the horizontu 
axis of the instrument. An elliptical m 4 — 
hole is cut in ibis mirror. A lantern tointkr 

supplies the light, which is reflected on to the 
cross hairs. The staff can l>e illuminated by a 
torch, and is thus easily observable through 
the elliptical hole in the 



chronometer is held to the ear and the boats 
punted as nought, nought, etc., until the flash 
is obaerved, and then one, two, three, etc., 
until the report is heard. The mean time ot a 
number of obaervations, arithmeti- 
cally obtained, is not correct on 
account of the acceleration when 
travelling w’ith the w'ind being leits 
than tlie retardation when travel- 
ling against it. The foUow'ing formula 
must be applied : 

T, 

w'hcn T ~ mean interval required ; 
t interval observed one w ny ; 
interval observed the other way. 
The moan time (T). multiplied by 
the velocity of the sound for Uio 
temperature at tlio time of observa- 
tion. will give the distance between 
the tw'o places. 

Sound travels at the rate ol 
l.OtM) feet per second at with 

an increase or decrease of li5 feet 


mirror. 

Base by Sound. The 

length of a base line can lie 
obtained by sound. Althougli 
this method is not accurate, 
it may be employed when 
Qlily approximate measure- 
ments are necessary. It 
consists jjn taking the inter- 
val of 



from a gun and the arrivd 
of the sound, the observer 
bein^ at one end of the 
lequu^ base line and the 
gun at the other. It is 
pieferable to have both a 
gun and an observer at each 
end of the line taking alter- 
nate zeadion. The time 
ohould he taken chrono- 
meter watches, the beats 
€Kf which are recorded by 
the ear and not 1^ the si^t, the number pm 
•aoond being thus accurately obtained. The 



per second for each dc^grc'e of rise or 
fall in temperature. 

Synopaia. The point which wr 
have reached marks n definite stage 
in our study of civil engineering. 
This instalment c*oncIud<‘slheU*at hing 
of Surveying, except for the references w’hi«'h 
wo shall havT occasion to make in describing 
the constructional part. The Siheino of our 
tn*atmcnt to follow may be 
indicated. The next article 
detK^ril)ee the history snd 

g raeticc of the Ordnance 
urvey, with information 
regarding the value of the 
different scales for dif- 
ferent purposes. The pro- 
cf>dure usual and necossaiy in 
sook- 



THBra-POmT PROBLEM 


oountiy are considered. 

Contmud 


78. XXAMPLX 


is explained in detail. Then 
wo proceed to study the 
pi^tioe of civil engineering. 
The course concluchM with a 
desertion of civil enmneer- 
tng abroad, and tbemverae 
influences, such as climate, 
labour, transport facilitioa, 
etc., which m^fy the prac- 
tice from that usual in this 
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abt oil & WATER COLOUR PAINTING 

Paintiiii^ in Otlt — continued. Settuic^ Ihc Palette. Brushes and 
Painting; Ground. Water Colours. Tempera Painting;. Fresco Work 


By P. G. KONODY and HALDANE IfACFALL 


Settiof tho Palottn. We now come to 
the setting of the colours on the palette. In 
their or£r of arrangement artists vary. 
Borne set black at the left end. and run up 
through the blues, to gri»enH, to browns, to red*, 
to 3 rallows. to white at the other end [1]. Home 
put white in the centre, and run off to the 
ril^t through the yellows to reds and browns, 
and then run off towards the left to gn«ns, 
to blues and to black. On the other hand. 
Whistler’s palette was as shown in 2. He con- 
sidered this eminently scientifio. But a far 
more scientific setting would be to put |ll|ackk« 
in the centre, as in 8. - 

Bruahwa* The choioo of brushes, sable or 
hog, round or square, is very much 

a matter of personal taste. * Every 

i rtlst has his own pre- to d e U c t i o n , 
V kloh is to a cer tain ^ ^ extent ruled 
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brown. It is with some the practice to mix in 
the centre of the palette a mass of the general 
tone of the picture, and to pull each colour 
through this as th^ paint, so as to keep the 
general harmony. But the methods of painting 
vary with the different schools. 

having sketched roughly in charcoal the 
pneral scheme, the artist cither paints it in in 
i>laok and white, or he starts away to paint it 
‘‘ direct.” The use of charcoal for tlie first 
rough sketch, for spacing ” the composition 
on the canvas, ii, however, avoided by many 
Pirtists, who prefer to draw the outline im- 
mediately with the brush in monochrome, as 
the charcoal is apt to make the ground gritty. 
Whenever this method is adopted, it is advisable 
to do the preliminary * spacing ” with charcoal 
on a sheet of paper, and, when the rough outline 
of the picture has thus been settled, to copy it 



on to the canvas. 

The method of brushing 
also greatly varies. Then- 
is one strhool that builds 
up by careful Imishimr. 
there is another school 
that paints “ direct 
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1 . 

by his touch. For small work and 
delicate detail fine sable brushes are 
indispenaable, but the laige square 
bog ^ah is more useful tor the laying on of 
htmd tones, or for crisp modelltnf; on a large 
scale. A round brush should invai^bly be used 
for drawing the outline. The student will soon 
find which brumes best suit his style, but he 
should at the beginning have a fairly Urge assort- 
ment of sable and hog brushea of different 
siaea. The grsat drawbm of the former is, of 
oourse, their high price, whidi U probably the 
oaosc of the intarodiiclioii of hog Wuihcs. As 
far as can be aseertaliied, many of the old 
waatm a{^sar to have worked entirely with 
hair hraihea, and it Uvm questional^ whether 
hot bmehea were at ail in use before the 
eimeeBth OMitaiy. 

TIm FsOntliU OrouttA. Some artists 
paint on the grey surUee of the prepared 
oanvas. Some ta*ie the whole canvas a warm 
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B. 

that is to say, the ^ 

brush is chai|;ed at 

each stroke with the true value of colour, and 
the bruahful U then made to draw the form on 
the oanvas in a stroke, and is not again touched 
or cross-brushed, but left when the stroke is 
computed. Yet a third school builds up ooloor 
with littU touches of the three primary colours 
laid tide by side. 

Mothooa. Again, as to the thickness of 
the paint, some artists paint with the brush 
loaded with thick colour ; others use a 
full, very moist brush. Each method has 
its advantages and its drawbacks. The achool 
that paints the pictuns first in Mack and white, 
then runs tran^fiarent glowing colour over the 
raodelling, and so employs this glasipg,** as it 
is ealUdL to give coloar to the solid pMsinUng 
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htlyw It. But tliii mettiocl Iboks bcmde 
the fomfal, direct method (d Ttgor^ paitiU 
tm Vela»qupr/8 of old, or Whwtler’g or 
SMsmt’s in our own dav. The “direct'* 
IMuaterB usually paint the whole canvas at once, 
oarrying forwe*d the picture as a whole eadi 
day; the more detailed school paint, say, the 
head in a portrait first, then pamt up the rest 
to it afterwards. 

In painting, the student should always try 
to get the effect of the volume of air about the 
object, which gives so much of beauty to its 
colour values. Faces or objects seen at a certain 
distance have no hard and harsh outlines, but 
are seen, as it were, through a veil of intervening 
atmosphere. The student will easily realise, 
for instance, what distance gives to colour by 
putting up a white handkerchief before him, 
and seeing how white it is against a dead-white 
obi^t across the room. 

Style. The student has now learnt to set 
his palette, choose his colours, and clean his 
bnishoe. He should attack his painting by 
always trying to get bis colour absolutely true, 
and then putting it upon bis canvas boldly, as 
if he drew with the brush. He will be drawn to 
express himself after the manner of some par- 
ticular master, and there is no better school- 
master for him than the great, whom he should 
endeavour to rival, and, if it lie in him, to beat. 

Each, according to his taste, will be drawn to 
a certain style. The broad, largely spaced 
manner of a firangw^ will appeal to one, with 
his swinging line, telling masses, and ^at, wind- 
filled skies ; whilst the extreme delicacy of an 
Orchardson will appeal to another. T^ large 
manner of Paolo Veronese will stir the senses of 
one with its sense of majesty and grandeur, 
whilst the solemn dignity of a Leonardo da Vinci 
will move another, and the decorative charm of 
a Botticelli appeal to the taste of a third. The 
bftiad, masterly painting of Velasquez will teach 
one the lesson of his art ; the Japanese beauty 
of arrangement, simplicity, harmemy, and 
exquisiteness will enthral another. But trbether 
the student seek after the larger manner, the 
daintier, or the more exquisite, he should 
remember above all else that it is by colour, and 
by the sense of odour that his painting creates, 
that his art as a painter will eventually be 
judged — a sculptor by his form, an illustrator 
by his rhythmic beauty of line. 

Painting in Water-colours. In paint 
ing in water-cdoors, the same rules apply 
as to the choice of cdours as in the case of oils, 
only, perhaps, to a greater degree, for water- 
cdour is us^ very thin and transparent, and is 
more easily destroyed by dust ana damp. The 
following list gives a go^ range of safe odours, 
bat it should always be remembered that the 
madders are not absolutelv stable rose pigments, 
and that vermilion is liable to tnm biaok. 
Ivory black. Light red 

Charcoal grey. Venetian red 

French nltramarine. Indian red 

Cobalt. Rose madder. 

^^ridian (transparent Madder carmine. 

oxide dcbromhim). Purple madder. 


Opaque oxide of C9iinese vermilion. 

ohnimhim. Yellow ochre. 

Burnt umber of Cappsgli, ^e three cadmium 
Burnt umber of * yellows (deep, 

Cappaffh brown. orange, and pale). 

Raw umber. AureoUne. 

Burnt sienna. Lemon yellow. 

Raw sienna. Chinese white. 

As is the case with dis, there are several water- 
colours that were much used in the last genera- 
tion which are more than faulty, if not abadutdy 
bad. Gamboge was a villainous yellow, and 
Hooker's green, sap green, indigo, Prussian blue. 
Antwerp blue, Vanayke brt>wn, and sepia, all 
fade with time. The chrome yellows arc detest- 
ably bad, and injurious colours to use, as well as 
the beautiful emerald fpeen, Naples yellow, 
orpiment, and the lakes. Red lead dso, is death 
to other colours. 

The colours for water-colour painting in pans 
ore l>etter than those in tubes or drv cakes. The 
pans l)cing moist, yield up their pigment easily 
and quickly — a very important matter in water- 
colour painting, and still more important in 
sketching. Tlie bewt box to hold these “ pans “ 
is the black tin water-colour box sold by the 
artists* material dealers, with a place for the 
brushes, and flaps for use as palettes. 

As regards white, thh artbt should lie careful 
to avoid all whites that contain lead, as these 
turn dingy and end in absolute blaeknese in quite 
a short while. The best white to uso k pun^ 
C^iti€se while, which is not only quite per- 
manent, but has the additional merit of pre- 
serving good colour when bound with it. 

As regards black, the charcoal grey used by 
black-and-white artiste is a beautiful blael^ 
yielding oxquiaitelv pearly ^ys and deep 
velvety darks. Indian ink is a brown black, and 
can be washed over. l.Ampblack is a deep, 
stremg black. 

Brunhen nnd Painting Surlaca. A 

very few brushes, if good ones, will last for 
years. Thn»e or four black or brown sables of 
varying size* are all that arc* niquired ; indeed, 
one good medium -sized brush will give all 
degrees of point necessary, if one also have a flat 
“ camel-hair " for laying in broad washes, or for 
moistening the paper. 

In water-colours the effect of the washes 
depends greatly upon the surface on which they 
are placed ; the smite paint in oils is, in water- 
colours. replaced by the white ground on which 
the more or less transparent washes of colour are 
dependent for their Ume. The best paper is 
white, ukI should he strong and smooth in 
surface, except where rough surfaces suit the 
particular handling of the individual artist. The 
Old Water Colour Society’s paper is the best in 
the market ; whilst several Arms also provide 
good hand-made thick Unen paperM. Before 
painting on a paper it is always best to run a 
waab oi very slij^t tint over the whole ; this 
will betray grease-spots and mildew, and the best 
way to g^ rid of them ia to avoid the paper that 
betrays either. 

The old-fashioned system of stretching the 
paper on a drawing-board Is now simnst 
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tapmedad by ^ uae of ** •katohing^boards,’* 
Iha paper being paatad down to caidboaxd» and 
aavm infinite pi^ and trouble. The etudent 
•hoold avcdd tinted papers, and learn to nae the 
white ground, to yield him the beauty of trans' 
hioency which is so valuable in water-colouni. 

It should be remembered also that very 
often when the oolour does not run eaaiiv upon 
the paper it may be the fault of the haitmess of 
the water. In this case distilled or boiled water 
will make all the difference. 

If the paint in the pan goes dry, a little warm 
distilled water will softon the hardened gum of 
the pigment, if left to soak. 

Th# Cholco of Colours. Now, with 
his colours, his brushes, water, and ffood white 
paper, the student is ready for work. With a 
peroil he aketohes in the main lines, and then 
proceeds to wash in his masses. He has to 
choose between the two schools of water-colour 
painters — the Transparent Colour School (or 
purists) and the Body Colour School. 

The purists do not use opaque colour, and, 
above all, will not allow the use of Chinese white 
in their washes. The body-colour men use white 
floated through their tints, and also use opaque 
colours solidly. The former is unquestionably 
the more lemtimatc msthod, and the etudent 
would do well in the begihning strictly to avoid 
all opaque colour. The true beauty and value 
of water-colour lies in its luminous transparency, 
and this is lost by the use of body oolour. 

The colours, whether solid or transparent, may 
be used. broadly in wishes to give broad effects, 
or they may be used minutely in what is called 
stipple, to give minute detail. But to whatever 
school of painting the artist may belong — the 
transparent, or wash school, or the body-colour 
school, the broad, impressionist school, or the 
stippled, detail school — there are certain laws 
that apply to all. Ho should wash in his back- 
grouna at the same time that he paints his main 
obieota, so as to mve those objects their full 
value ; otherwise he w'ill find that the white 
paper of the baokmound has forced the value 
of bis objects, so that when he tones down that 
background the objeots look poor and wei^. 

Some Hlnto. The student must, as in oil 
painty, master the simple rules of perspective, 
and, if a figure painter, master anatomy. 

Remember always, in painting in the open, 
not to paint your sketch at iHl hours of the 
day. Qo back and paint under the same con- 
ditions of time and sunlight. 

Master the rapid making of greys with, say, 
light rod, cobalt, and yellow och^ and so on. 

It is always wise to wash in your backgrounds 
first ; then you have not the ugly tendency to 
get main objeots out of their atmoqdiere. 

Hm, again, as in oils, let the student study 
the masters of his craft — ^the old men like the 
grand master Cotman, and the great men of 
to-day like Sargent. Look what Sargent and 
Brmngwyn can do with their broad, sweeping 
m a sses , knowing exactly where to place wm. 
Randolph OakLecoit, agm, is a fine master to 
teach the value of broad washes. Let the 
student haunt the exhibitions also, and study 
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day aiter day the wufk ol men he admires, and try, 
wlim he geta home, to rival them from memory. 
Melville*s work is vmy masterly and telling 

Li painting, brush in the mass of a thing 
first ; and with a full bru^ or a brush charged 
with clean water, fill in or take out detail as 
you want it. 

Cotman of old, and Sargent, Whistler, George 
Clausen, Cbarlea Green, Crawhall, Alexander, 
Pryde, and the like to-^y all have lessons to 
teach us. But do not copy too much. A few 
copies from one master should never be exceeded. 
Master their methods, and use them to help the 
style you wish to evolve. 

What will trouble the student much in water- 
colours is the hardness of hU edges. Ho can, 
and should, avoid this by damping his paper 
stiff hUy before painting upon it. 

Methods of WorlUiig. Perhaps it %rill 
be some guide to the student to give the 
method of working of one or two of great 
English painters. 

David Cox's manner of painting was simple 
in treatment. Ho only us^ the barest pencil 
outline — often none at all. He then washed in 
his masses with many superimpiosed layers of 
colour, beginning with a ghostly picture of 
the landscaj^, and building it up as a whole, 
always keeping his work transparent and pure 
in values, and most carefully preserving the 
sense of atmosphere throughout. His drawings 
have a resulting effect of facility and freedom 
of labour and from heaviness that make his work 
a great achievement. He unfortunately used 
a wretched palette — gamboge, lake, Prussian 
blue, indigo and sepia, being amongst his twelve 
colours. He spoke passionately against the 
use of white in water-colour work. 

Tha •• Wet Manner.** Prout outlined his 
work in brown ink and tinted in the whole. 

De Wint minted boldly in the “ wet manner," 
saturating nis paper with water, and then 
floating on to it his colours in a full brush whilst 
the paper was quite wet. Ho never interfered 
with his masses afterwards. He used two large 
brushes, one with a fine point, the other round 
and blunt. He, too, unfortunately used amongst 
his nine colours such wretched pigments as 
purple lake, Prussian blue, indigo, gamboge, 
brown-pink and sepia, and his killed the 
blues as time wore on. He only used white, and 
that for his lights, towards the end. In his best 
work he " left out " the lights as pure white paper. 

Whistler ran Chinese white through nearly 
every wash ; and achieved such atmosphere 
aa it would W difficult to surpass. Yet he was 
so incapable of using pure wash that when trying 
to paint on ivoiy he gave it up, because the 
white would get in, and the value of the under- 
lying iv^ was thus lost. Sargent uses water- 
colour in big washes of pure colour, 
white only to enhance the high lights. 

Long &fore the invention of oil painting, 
with vroioh the brothers Van Eyck are genen^ 
credited, artists in Ital^ and in the North 
practised another method, which, after having 
been neglected for some centuries, has lately 
emne once more into favour, though the practice 



of tint art of im m pmk foMmg is still ocmfined to 
« oomporatisoly siiisll iptmp of artists. Forta- 
nslsly, Oaanino Oennim, so esriy 16ib oeotory 
ItsJisa pointer, has left os a treats on pynting, 
in whion aU the methods in ose at his time are 
technicaHY described. An admirable trsnsla- 
tioQ ^*The Book of the Art of Oennino 
Oennini,** by Cbristisna J. Herringham, which 
has been poblkdied in an inexpensive form by 
Mr. O. Allen, is aooeasible to every student, and 
will be of invaluable help to anybody who wishes 
to master the technique of tempera painting. 

Tesnpom Pnlnting« Cennini has well 
defined the nature of tempera painting. “ It is 
true,** he says, ** that pictures are painted just 
as I explained to you to work in fresco, with three 
exceptious. One is that you must always paint 
the draperies before the faces. The second is 
that you must temper your colours always with 
yolk of egg, and thoroughly tempered, always as 
much of we yolk as of the oolours you temper 
with it. The third is this : That the colours must 
be ground very fine — well ground — Just like 
water. ” Tempera paintingis thus painting with 
yolk of e|;g as meoiam. ^e advantage of the 
method lies in the transparmcv and purity of 
the colour, which cannot rivalled by oil-paint. 
Moreover, tempera colour is permanent, and not 
subject to ohcmoal processes of disintegration. 
Most of the tempera pictures of the early Italian 
and Flemish masters have preserved their pristine 
bloom and freshness to the present dav. 

On the other hand, temnera is a most difficult 
medium to handle, and wiu never yield the depth 
of shadow which can be obtained by oil-colours. 
It requires veiy precise drawing, beoauae cor- 
rections are difficult to make ; while delicate 
gradations, such as can easily be produced with 
oil-colours, are p^tioally impossible to get with 
this method. Tempera can only be reoom- 
m^ded for decorative work in more or less flat 
tints. It is almost useless in the bands of the 
modem painter who aims at realism, at the life- 
like, plastic ^pearanoe of thinm, and at 
atmoepherio effeota. Tempera colours could 
produce a Botticelli, but never a Rembrandt. 

Surface. The beet surface for tempera paint- 
ing is offered by wood panels, which can be bought 
ready for use from artists* material dealers. 
Since a demand has sprung up, various prepara- 
tions of tempera paint have been placed on the 
market, but it is oast to follow the example of 
the old masters snd prepare one's own material. 
An immense amoimt of disappointment will be 
saved by a jndiciona selection of the wood 
required for the panel. If possible, this should 
be old, weU-sessoned oak. The planks of old 
boats are admirable for this purpose, as th^ are 
not likely to warp. 

To guard against any action in the wood, the 
back of the panel must be specially strengthened 
by strips of wood orias-crossbig, and ued so 
firmly to the panel that it is impervioiis to the 
injonoos effe^ of heat or damp. The next 
step is to make a pteparariom with which the 
wood is covered to get a delicate surface for the 
tenmeea pahit 

a quantity of plsster-of-Paris and leave 


it to soak in a tub of water for two or three 
months. This is to destroy the life in the 
plaster, which is liable to ruin the oolours if 
the mixture is used too soon. The preparation 
should be stiiTed well every day for a few weeks. 
Then the water can be pou^ off, and the plaster 
rolled into cakes. Thw are the balls of (Tsapo, 
ready for further preparation. 

The Method. This geeso is ground to a 
powder and mixed into a amooth piate with 
water. Melt some carpenters* glue, ana while it it 
boiling poor it into the gesso paste, which must 
previously be wanned to prevent the glue from 
thickening immediately. The paste and glue 
have to be well stirred together. There is an 
easy method for finding out whether a sufficient 
quantity of glue has b^ added. Pour a little 
of the mixture on to a piece of paper and dry it 
over the fire. Moisten the fin^r and rub the 
gem ; if any white comes off on the finger, it is 
a sign that the mixture does not contain enough 
glue. 

It should be remembered that glue can always 
be added, but that it cannot be t^en away from 
the mixture. It is advisable to give the panel a 
preliminary coating of glue, but this is not 
absolutely necewuiry. Apply the gesso, while it 
is rather stiff, with a bruw, and spread it evenly 
over the surface — not too thickly, but it should 
not be transparent — and leave it to dry. When 
the preparation has become hard, rub the surface 
down with fine sandpaper to a convenient 
degree of smoothnfMw. This is, of course, a 
matter of personal taste. If the temmra is laid 
on too thickly, it it liable to chip at uie sides. 

Dry Ground. To prepare tno tempera for a 
dry ground, take only the white of an egg, mix 
very stiffly with the powdered earth oolours that 
colourmen sell. The medium to use is the white 
and the yolk of egg beaten up, and mixed with a 
little water, or, better still, only the white of egg 
and water. The n^t advance of tempera 
over oil is that it dries almost immediately. It 
can be used on canvas, or even on paper, but the 
most delightful effects result from its being 
applied transparently on the gesso surface. 

In many of the masterpieces of the greatest 
woi^ers in tempera it will be seen that many of 
the small detaib of the picture are raised in 
relief, such as the crowns the halos of saints, 
or the embroidery on the richly decorated gar- 
ments. There are some very remarkable 
examples of this raised work in our National 
Qalleiy, notably some of the pictures by Carlo 
Crivelli. This moulding is all executed in gesso 
that is, in the substance which has already been 
described as s suitable basis for tempera painting. 
Only, for relief work it is made with 1 m liquid 
and more glue, and applied yery stiffly with the 
brush, layer above layer, until the desired relief 
is obtained. Then, when tfie artist is satisfied 
with the plastic shape, the surface is painted and 
gilt to mi the desired pictorial effect. This 
me^od M been suooessftiUy revived in reoeni 
years by some Birmingham artists, who have 
produced some delightfully quaint and effective 
casketa, chests, ana other decorative ol^ects in 
medheval taste. 
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It QMjr be eeefttl W tbe eirtlst to know tiiei 
fiirlf fettelile tenmre ooloim cm be obUiiied 
from » Oenttaa mn in DiiMekiorf, wbo liave 
nude n tfieoiAl etudy of ibis medinm, sod who 
bsve issiiM s catskMiie in which the ookmiB, 
wbi^ ere giwsoteed to be sbsolotelj perms- 
nent^ sre specially ma rk ed. 

Fresco. Froeoo painting is the term applied 
to paintings esmonted on s wet fdaater groond^ 
ictr which purpose tampers colours are flcnerally 
used. In laat, fresco work ia the ideaT applica- 
iton of this dffRcttlt medium, since large oocora- 
tire mural psintingi should sooentuate the llat- 
nem of the wall rather than deceive one into 
believins that th» wall opens to reveal a glimpse 
of real life and nature t and this deception, 
which is one of the chief aims of most modem 
painters, can only be achieved with ml colouia. 

The Italian masten of the fifteenth century 
were the ideal decorative painters. Painting 
direet on the waQ of churoti and cloisiers and 
palace, they were forced to consider the sur- 
rotmdiiigs, and realised that wall painting should 
have no independent extsienoe, but be the hand- 
maiden of architecture. Many modem pMters 
do their decorative work in the studio without 
thinking of its ultimate destination. The result 
is that when the canvas is fixed in position on the 
wall, H probably looks incongruous and detracts 
from, instead of adding to, the effect of the 
ar<^Hectiiral setting. But a great improvement 
has lately set in in this direction, and we have 
now a tcjir artists who, like Frank Brangwyn, 
are fully appreciative of the exigencies of 
decorative work. 

Thn First Consldsration. .The first 
technical consideration should be the surface of 
the wall chosen, which must be speotally prepared. 
I^rooure, in the first place, the nsoess ar y quanti- 
ties of hme and sand, according to the spaM that 
has to be covered. Bift both, so that they are 
entirely free from lurnpa. If the lime ia very fresh 
it will requhw the adoition of twice its ouantiiy 
in sand. Mix these materials with water, and 
allow the lime to rest for some time to avoid the 
risk of bad cracks when the plasier is dry. The 
surface on whtdi the frecoo ia to be laid must be 
well oleanad and drenched with water. Having 
thorongbly etirred the lime and sand, spread it 
evenly, in one or tiro applioatkme, on the wet 
eurleee until the mixture iteelf eeUke to form 
a saw, flat ground. 

That this flat surface should ba roi^ in nain 
is an advantage. This otmlity is obtaiiiea fay 
mixing the mortar with aa little liquid at 
praoUoable. In a fow houre the preperaiion 
will be diy and roari^ to receive the araet'e flxet 
design, wbkb ehoukf be la ebMCoal, as any false 


one with the ffliater, and thee^oca ineffaceable. 
When the drawmg la correctly exaeulad ia ekmt- 
coal, the oathiiee ahonld be dnwa in wilh ochre 
or rimnA, and the charcoal hmehed away with a 
feather hnieh. Before the actual p a in t in g It 
begun the mixtore of lime and sand most be 
repeated. It is most important that the whole 
picture should be paintM ehile the i^aster is 
wet, so that the paint and piaster amalgHnata, 
become absorbed into each other, and make 
one perfaet whefle, which ahould withstand the 
attacks of time and weather. From this paint- 
ing on a fresh plaater ground the whole method 
has received its nam^— the word fresco being 
Italian for fresh. 

Surfmeo of tho Plaater. Since it is impos- 
sible to paint at once over the whole surface, the 
artist must ipread this second mixture of lime 
and sand thinly over just the amount of wall 
space which he can cover with paint in one day. 
Having already marked the first simple outlines 
of his picture, he should follow these, filling 
them in with the wet plaater, so as not 
entirely to obliterate the sk^ton of his design. 
Every day another portion is thus added, until 
the whole picture is completed. It cannot be 
insisted upon too emphatically that tho essential 
point in fresco painting is &e wetness of the 
plaster which receives the paint. This second 
coating of plaater must be applied lightly, and 
for this purpOM a brush of hqg-hair should be 
used, steeped in olear water, and the mortar 
wetted wiui it. A strip of wood as broad as the 
palm of a man^s band is passed over the surface 
to remove any surplus pi^tor and to distribute 
it quite evenly over the section chosen for the 
day's work. 

In case of any accident or change in the 
design, the faulty part must be soaked off bodily, 
painted and puuitered t<^ther, and a fre^ 
aurfaoe omatea. From this it will be seen how 


important it is that the first design should be 
ouite oorreot, aa a small fault requilree such 
orastio correctioD. The medium for this fieaoo 
work is a special form of tempera, which can be 
made by tlm worker himaelf . 

Beat up the jralk and white of one or two eggs 
with water. The paints used in fresco are the 
powdered earth ooknirs obtainable from all 
colounaan. This powder must be made into a 
thin paa^ mixed with the egg and water. 
When beiiig applied to the wet plaater, the paste 
must be atiU niitber diluted, ao that it may 
mingle and become one with the ground. Once 
more the nooemity for wetnem m the {daater 
and hquidnem of the paint must be iMMfairf 
upon. For fnaoo painting on canvas the 
niethod ia the aama. 
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I tNEN cloth has alwa 5 r 8 been held in high 
^ esteem by cultured nations. 

It was not till the tenUi oentury that 
the linen industry of Europe came into 
historic prominence, when the Flemish town 
of Ypres became prosperous and important 
on its linen manufactures, the iroeciality of 
which was a fine cloth, since called diapers 
among ourselves, an evident corruption of 
“ dYpres.” 

British Linen Manufacture. The first 
mention of Irish linen occurs in the thirteenth 
century. In Scotland the trade must have 
been important about the same period, because 
the boaies of the Scottish foot soldiers un- 
earthed in the last century on the field of 
Bannockburn were clad partly in linen. Tht‘ 

large trade of England. 

being carried on in each 

little parish for local con - 

sumption, totally eludes 

observation before the y 

year 1720, wh.'n the / 

tibre appears as the / ; 

universal provider of / 

warp for cotton, which / A 

could then Ik* spun only / / yr/-‘ ' 

for weft. I 

At present there arc I 

four im|)ortant centres of I WV 

the trade — viz., lielfast, \ 

Manchc^ster, Ijeeda, and \ ^ 

Dui>dpe. \ 

Hust at the time when 
cotton was coming to 
drive Enj^isb linen out 
of many markets, the 
rival fibre stimulated for 
a short period the pro- 

duction of linen yam. » 

Up till the year 1773, 

cotton could not be spun strongly enough for 
cloth warps, and linen was used. 

During the latter half of the seventeenth 
oentury, the Irish linen industry, quietly 
practised for centuries in the Ulster province, 
received a fresh impetus from the invasion of 
skilled weavers of cambrics from Picardy, driven 
thither by the Revocation of the Edict of Nantes. 

lisburn, Ballymena, Armagh, Coleraine, 
and Lurgan were the chief centres of the linen 
industry, and to these towns Belfast is the 
nearest great seaport. Having a fair share 
of the industry itself, Belfsst beosme naturally 
the empeninm of Irish linen. When the 
factory system began to smienede hand* 
prodnetioo, mills wetre built in ^Ifsst, sod the 
seaport quickly attained first rank as a linen 
manufsoUiring town. 
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As wo have already indicated, the linen trade 
of Scotland is of old standing. Two of the 
prinoij^l centres of the industry are Dundee 
and Dunfermline, the former in tlio coarser 
linens, and the latter in damasks and diai)ers. 
The history of tlie Dundee Uneu trade strongly 
resembles that of Belfast. 

About the close of the seventeenth century, 
a small colony of Huguenot linen weavers had 
settled in Edinburgh, on the spot now known as 
Picardy Place. Some of these weavers migraUd 
to Dunfermline, helping materiiUly to cwtabliali 
that reputation for damasks and line linens 
which Dunfermline still enjoys. 

The Manufacturing Proceaaea. In 
many respects, with all our progress, Wi- have not 
advanced lieyond the methods practised five 
thousand years ago. "Ihe 
spinning whcsil which we 
illuHtratc^ [82] by a pie- 
ture lent by Messrs. 
Kanncrman A Sons, 
\ Ltd., Manchester, con* 

‘j \ tains the principle of Has 

/ \ spinning, and all our 

¥ \ machinery is little more 

^ than an elaboration of 

M that conlrivancti. Our 

I " young men have plenty 

^ of BeojH> for their in- 

genuity in the improve- 

^ / ment of linen manufae* 

/ ture. The prws'ss is a 
/ long seric^s of ^odod 

/ opcTations. We will take 
y/^ up each stage of the pro- 

ct^ss in detail, but a snort 
summary may Is* given 
here. 

jRfUingtrtsen the fibre 
from the rest of the stem. 

2. Scutching breaks off the woody substanee 
still clinging to the fibres, and tends to open 
them out. 

3. Rfmghing gives the fibres a preliminary 
clean, sort, and range. 

4. H adding comU out the fibres, separating 
the short frem the long. 

5. Scfiing classifiers the fibres. 

6 . Spreading is a kind of rough carding, which 
lays the fibres alongside each other, and forms 
them into a sliver or soft rope. 

7. Drawing len^hens out the slivers and gives 
them the form of thread. 

8 . Roving continues the' last process, and 
prepares the thread for the spinnOT. 

9 . Spinning refines, twists, and forms the 
thread by means oi successive machines. 

10. Biding winds the spun yam into hanks. 

KW 




loom 

ir^ Hii on tlio 

^ mmim ^^riaghmak. 

oooti tiio limM) of 

iim tootvengtlMi it for tiio weaving. 

14 Btaidmsi iota Oie warp in position lor 
weairbtf on the ioom. 

15. Weaving tmites warp and weft in cloth. 

15. Bleaching whitens the cloth. 

In addition, we have to see the flax fibres 
made into thread for laoe>makiQg and sewi^. 
Many of these processes are almost identical wim 
some of the processes in cotton, wool, and silk 
manufactures ; and while the linen industry 
must alwa^ be studied as a distinct entity, 
the plan or our course has been arranged so that 
^ the textile workers having a common interest 
in any machines or metho£t may study them 
together. 

’The linen manufacturer produces a vast range 
of goods — from the lightest of cambrics to the 
coarsest of canvases ; from the plainest of 
sheetings to the most beautiful of d^aaks and 
brocades ; and from the finest of lace threads to 
the strongest of cables. This brings him into 
close competition and association with the 
workers in hemp, jute, and other fibres of that 
class. 


Jute Manufacture. So closely related 
In treatment and product are all the best fibres 
that it is almost a pity they are not united as 
one industry. We can hardly say, however, that 
a lad who has been taught the linen industry is, 
on that account, equipped for work in a jute 
mill in all its departments. In actual fact, 
reasons historical, economic, and industrial 
forbid that desirable event, and we must 
meanwhile take things as they are. 

Softening. The retting, scutching, and 
baling of the jute fibre take place in those 
tropical lands where it i» at present, 

^most exclusively India. When we receive the 
jute fibres they are fairly clean, long, and 
lustrous ; but w'e also find thorn harsh and 
brittle. For more than half a century these 
defoctii hindered the development of the jute 
industry in this country. As has been already 
stat^. the problem was solved by the invention 
of the softener. The l>alos are opened out, and 
the fibre formt^d into dricke or Mrikes by the 
attendant on the softening machine, or his helper, 

A vast combination of fluted rollers and oil- 
distributoni, ingeniously devised, the softener 
delivers the fib^ in a condition equal to flax 
in flexibility. Thence, jute follows a prexjess 
of manufacture similar in its main details to 
that of flax, already detailed. 

Jute not only rivals flax fm* many purposes, 
but it also has a department almoet to itself, 
worthy of special note. 

Floorcloth ond Ltnoloum. Flocmdoth 
was originally invented by Nathan Smith, in 
1753, and patented by him as a substitute for 
carpets. He must have been something of a 
poet and hygienist this Nathan Smith, l^oauae 
there was a curious mixture of sentiment and 

mi 


fMitite fat u> Sm. arte wa« iMim 
fat Ofat tiaw. Ife. Saatfa’* lifeB faaa 

^‘ikidc and the flaxi»l--liiiaeep5«--" 
Ipr ihc pKodimtioii <d an ddaal fioewtdoth^ 
ntiliaiiig afi the product of the plant in one 
fabric. Jate, as tlm bulkier, softer, and cheaper 
fibre, displac^ flax in the bexfy of thejfloorok^ 
but the method of mannmoture remained 
practically same. 

Floorcloth is a canvas saturated and covered 
over with paint. Paint is a dry colour mixed 
with some kind of oil, and as lins^-oil is a qtdok 
drier, it is well suited for the floorcloth manu- 
facturer's purpose. Each coat of paint must be 
diy before the next is laid on, and if the paint 
did not harden quickly, the process of manu- 
facture would be tedious and costly. The 
process of manufacture is very simple. The 
canvas is primed — that is, coated back and front 
with size. The size is scoured smooth with 
pumice-stone, and then the thick linseed-oil 
paint is applied thickly, and Spread smooth 
with a trowel. After (hying for 12 or 14 
days, it is smoothed well with pumice-stone, and 
coated with paint as before. The back is now 
solid ; a coating of size is applied to the front 
side of the canvas, which is treated in the same 
manner as the back. For high qualities as 
many as four coats of paint are laid on the right 
side of the cloth. In this condition it is plain, 
and by giving it a coat of varnish we might send 
it out as plain floorcloth. But the common 
taste demands some kind of ornament. We 
therefore proceed to print on the surface a 
pattern or design, by means of paint-covered 
blocks, which leave the colour^ lines and 
masses standing out in relief. When sufficiently 
dry, it is varnished over, and again dried. 

Such is the old-fashioned process of floorcloth 
manufacture. We shall, when the whole process 
is being studied in detail, show the various im- 
provements mode and machinery used in the 
modem factory ; but, in the main, the methods 


are the same. 

Cork and Improved Liifbleuma. 

Though floorcloth had many merits, it failed in 
competition with car])ets becaust' of its hardness, 
eoldnoss, and lack of sound-deadening qualities. 
This led to many attempts l)eing made to produce 
a softer cloth of similar manufacture. In 1844 
Elijah Galloway took out a patent for a fabric 
he named kamptuliron^ made from ground cork 
and indiarubber, amalgamated by the action of 
heated rollers. This fabnc attnu'ted consider- 
able notice when showm at the Exhibition of 
1862, and several factories w'eiv started for its 
manufacture. It was used in many great public 
buildings, notably the Houses of Parliament ; 
but the materials of which the fabric was made 
rendered it costly, and beyond the reach of all 
but the wealthy classes. 

In 1860 Mr. JVederick Walton conceived the 
idea of making a substitute for indiarubber from 
linseed oil, lu^ three years later took out a 
patent for the implication of this material to the 
production of floorcloth. By melting oxidised 
linseed oil with kauri gum and resin, mixing the 
mass with ground cork, and rolling the material 



qait» to 0«lbwi^« l»facio, 
ihmI niuli dbo^fMT^ 

like new ficAiiraQflli im named Unellmm, and 
liad aome mooeaa, aa nireQ aa rivala, moat notaUy 
the hhno called c ori i c t n e , made by a ahniiar 
prooeaa, but diaoovered independently. 

Later de^elopiiieiits in Emdeum manniaotiire 
have chiefly been in the direction of rendering 
permant^t and artistio the patterns and designs 
popular taste demands on floor ooverinsn^ 
whether composed of floorcloth or carpet. Tbe 
stages of the progress linoleum manufacturers 
have made in this direction are interesting. As 
is well understood, a merely surface j^tem 


Ropes and Twines. If antiquity or 
primitivenesB be a merit, the ropemaksr should 
take a high place. The art of spinning is merely 
a making of ropos ; weaving is the plaiting of 
corda. Most probably the first of the textile 
industries, ropemak^ was ccartainly the last 
to be not^ by the inventor and the capitalist. 
Carried on in small country villages, or in the 
back streets of seaports— -for purely local wn- 
sumption — ropemalong was scarcely reoognuied 
as an industry till the banning of the Kith 
oentmy. Yet in the days before the steam- 
ship ropemidung was one of our greatest 
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inmedat amali; on Iha ahraagth and ioiigb^ 
of hm alntmdi and oahiM iha safety and poM 
of lha ahip dapendad. Sontfew tdki ua dial 
Kolaon* after he received ms death-wound, 
observed that the tlUor-rcm of the Victory had 
been diot away, and ordered new ones to be 
rove. Woolwich Aieenal originated from the 
ropery in which cables and sail tackle were made. 
All round the coast for centuries ^ rope- 
makem and net-makers have plied th^r 
useful craft ; but they made for home and 
local consumption only, and therefore did 
not come within the purview of 
statistician, the wealth they created passing 
unnoticed into the coffers of the Gmpiro. 

Soopn of the 
Industry. l\i*ine 
and ro|N>making is an 
industry whieTi ex- 
tendi* much farther 
than must |HH)ple are 
HU are; it includes 
IsKit laces, Htaylacisi, 
and window • blind 
cords ; twiiuM«, nets, 
lines, luid netting ; 
pulley *ro|K^, driving- 
ro|H»K, crane - 
cal ties snd hawM^ni ; 
wire rojxts, of stwl, 
iron. hroMH, and oop- 
|K‘r, and many small 
H|K*cialitio8. 

Materials Used. 
'Hie rojw factory is 
the last rtwirt of 
textile fibn*M n*jw'ted 
by the spinners of 
eloth vams. Ho{a^- 
makers have no rea- 
son to objeet to this, 
Iteeaum* the praetiee 
has hniught to the 
industry many very 
uw'ful and cheap 
fibres. Our raw 
mat<*rials eompriso 
nearly all the veg*^- 
tabli* fibres, the sole 
condition of use 
n*(juirt'd of any fibre* 
Uiing eh<*aprK*ss and 
suitability for either 
general or special purposes. In oeldition, rofass 
are made of iron, steel, brass, and coppf*r. Paper 
and glass could be utilised, and might senre 
special purposes very well, but these materials 
have not yet been employed to any extent. 

Roperies. Primitive in its origin and 
essential character, the rope industry did not 
attract the machim* inventor for a long time 
Up till near the close of the 19th century 
the rope-spinner might havfi been seen working 
on the open fields, in agnoultural districts 
remote from railways and the tracks of traffic. 
A lone figure comes walking backwards across 
the fiekl, lengthening out a strand of rope at 
every step, i^le at Kie far end a Ud is weeing 

1027 


from linoleum under 
the tread of many 
feet. To give an in- 
delible surface, Mr. 

Walton devised a 
eork covering com- 
jxjsed of different 
coloured granules, im- 
posed on the canvas 
and presmxl uith 
heated rollers, pro- 
ducing granite pat- 
tern. Next, the cork 
covering was mode 
up of small picHH^s, 

(coloured to form a 
design, and imprt'sst‘d 
on the barking, the 
n*sult being a kind of 
mosaic. IlliiH, how- 
ever, lacked the plos- 
ticity demanded by 
art, and other at- 
tempts wen* made, 
bringing out two 
matbods of inlaying — 
one called the “ grid,” 
and the .other the 
” stencil.” In the 
one, the small pieex'S 
of differently coloiinxl 
cork composition were 
definitely moulded ; 
in the other, they 
were coloured by a 
stencil process. The 
former, it was claimed, 
gave clearer outUnes ; but for the other, the 
merit of softer effects was asserted. 
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a whorl, in the hook of which the end of the 
strand is fixed. From round his waist the man 
draws wisps of hackled hemp, ai^ keeps twining 
it on to the strand, feeding with one hand, and 
with the other holding and regulating. We 
need hardly observe him further, for that man 
has been practically unemploved several years. 

When rope-sninning ceased to be an ojpen-air 
industry, largely dependent on weather condi- 
tions, the path of tno spinner was roofed in, 
and named the rope-walk. Here, under shelter, 
the work could go on all the year round, 
and machinery could bo 
used, llie simple whorl, 
with its single h(x>k twining 
one thrt*ad or strand, Wame 
a whwl driving many 
whorls, each one giving 
work to a spinner, 'ihen 
spinning macdiinery gn^w 
up outside, and came in to 
change the function of the 
rotiemaker altogether, or 
at least in gn»at part. V^ere 
first -class and sfKHual roj)os 
were wanted, the old rope- 
walk was retaintnl. and the 
spinner continutHl his old 
way ; but alongside, another 
rope-walk was built, and 
on the middle path rails 
were laid, along which ran 
an automatic spinner, 
called a traveller, twining 
the threads into strands and 
the strands into ro^ios. 

Where the old shod 
of the ropcwalk stood, a 
new factory, filled with 
spinning machinery, now 
stands, and it also tends to 
grow. Add on to the twist- 
tng and reeling departments 
twining and balling mac'hinc’w, 
for they are merely adapta- 
tions of the same principles. Next, the steam 
engine, or the electric dynamo, having come as 
our motive power, we' construct rope-laying 
machines, vertical and horizontal, in which 
the principle of the twister has been adopted 
on a lar^ scale. As an adjunct to these, 
the closing machine, similar in construction, 
but simpler, is installed, and our rope and twine 
factory is complete. 

Still extending our industry we add on a 
wing to the twine-spinning side, and therein 
instal machines for netting and plaiting, w^re 
fishing-nets and lacing bands of all kinds are 
made. On the rope-Uying aide we may build 
another wring, and form a wrire-rope department. 
Provided we p os s ess the capital, the wire-rope 


YCfitare involves no difficulty. Our machines 
are simply hempen rope-laying machines, only 
heavier and stronger. 

Principle of Rope^Spinning, Many an 
observant man has, no doubt, wondered for 
a moment at the firm consistency and solid 
structure of a rope. So far as one can see, 
there is no reason why the strands of a heavv 
cable should hold together. W'eaving plaits weft 
and warp into unity ; but the threads of the 
strands of the rope have been merely twined round 
each other by an impulse or force which must 
gradually lose its effect. 
According to rational ex- 
pectation, we ought to find 
some day our rope slowly un- 
coiling and resolving itself 
into its original fibres. It is 
this tendency to uncoil which 
constitutes the unity of the 
cable. 

Every effort those little 
fibres make to free them- 
selves from each other hinds 
them more tightly in the 
larger unity. 

If we try to break up a 
cable by loosening the 
strands and threads, we have 
against us the natural effort 
of the fibres to free them- 
selves. A cable dies, not 
because the natural force in 
the fibres has been too 
strong for man’s art, but 
for the opposite reason — viz., 
that the fibres have ceased 
to stniggle, have lost the 
pow'er of resistance. That 
is wh}’^ a now rope is 
stronger than an old one of 
the same quality. 

Summary of this 
Coumo. Our , study of 
textiles up to this point has 
been a broad review of the various trades engaged 
in it, and a consideration of the raw materials 
used, their sources of supply, and their cultiva- 
tion. In our next issue wo begin a study 
of fibre treatment- and proceed later to con- 
sider the manufacture of yams, the processes 
of weaving, and 8]^ial manufactures, such as 
felts, carpets, hosiery, and laces. Att^tion 
is given in its proper nlace to the prepara- 
tion of artificial nbt^, wdiioh constitutes one of 
the most marvellous applications of chemistry 
in modem indust^. l%e concluding seotioa 
is a oompreh^isive digest of the modem 
practice of dyeing, which seems every year to 
remodel itself and take advantage of the latest 
discoveries in synthetic chemistry. 









Cimtinuid 



I 


Agents of human evolution 

Etridence* of the Working of the Acfendea of ETOIntion. Effects 
of Disesae in Evolotton. Immiuiity. Geolosicsl Evidence 


Group 8 

BIOLOGY 

7 

OfftitlnMNid fnnu 
|«iM|o TT* 


By Dr. GERALD LEIGHTON 


The SurriTml of the Fit. We may 

well believe that in the agee that are gone, 
when man was a primitive savage, the conditions 
which determined his survival were widely 
different from those acting upon the civilised 
man of to-day. The laws of their application 
were doubtless identical, the actual conditions 
different. Survival in those periods depended 
mainly upon ph^ical strength and activity, 
great powers of bodily endurance, keenness of 
vision, and the other qualities which we 
associate with the life of the savage. Violence 
and privation were then active agents of 
selection, and those best able to withstand them 
survived. 

But the case is different to-day. Those 
conditions are no longer selective in civilised 
lands. The weakling, the stupid, or the blind, 
if bom in a superior position, has a better chance 
of survival than many a stronger individual 
bom to poverty. Selection along the old lines 
has ccasra, the race is not necessarily to the 
swift nor the battle to the strong. But this 
does not mean that selection is no longer going 
on. Individuals do not, even now, ail live to 
old age, or even to maturity. Immense numbers 
still perish both before maturity and durit^ the 
time of their ability to have offspring. There 
is still a tremendously powerful agent of 
selection at work amon^t civilised men, or 
apiongst those who come into contact with him, 
and that agent is infective disease. In most 
countries iiffectious diseases are so prevalent 
that no tndividual escapes infection unless he 
be immune, nor death uidess he has some degree 
of resistance. 

The Causes from which Men Die. 

The only way in which we can find out the 
direction in which a species is evolvii^ is to 
observe the characteristics of those individuals 
that perish, and compare them with those of 
the survivors. We thus discover the traits 
which determine survival. 

This is the precise difficulty with plants and 
animals in nature. Their deaths may be due 
to any one of a number of causes acting upon 
some individual deficiency of which we are 
entirely ignorant. Most plants and animals 
are destroyed by some agency or other before 
maturity. Only a few, even of the fit, ere 
allowed to surviva The majority of the 
deaths amongst them are probablv hap- 
hasard. It was this fact which doubtleia 
caused Lord Salisboiy to deny the ezisteooe of 
natural selectioo. 

But we know man much better tl^ any 
other or plant. The peouliaritiei <h 

every human bei^ aia ol nee wsi^, noted 


before his death by some of his c‘ontem()orariea. 
His offspring and descendants are also under 
close observation. For some thousands of 
years the chief causes of mortality among his 
races have boon studied with anjcious attention. 

During recent years very precise scientific 
methods have lx>on adopted. An army of 
trained and exfH'rienood medical workc^rs has 
delved in almost every nook and cranny of the 
world, and in all civilised oountriiM a Govern- 
ment department has tabulatixi the results of 
their labours. Wo know now precisely the 
causes from which men die, we know approxi- 
mati'lv the number of deaths due to each cause, 
and the average ages at which men die from 
this or that cause. Wo have, therefore, ample 
materials on which to found a judgment as to 
the effects produced on descendauU, and, 
therefore, on the race, by these precisely 
ascertained and tabulated causes of elimination. 

Huphasard Deaths Rare. ** In the 
groat majority of instances,** says one writer, 
** men, especially civilised men, perish of disease. 
Haphazard deaths, comparatively speaking, are 
very rare. Moreover, where men hvo in dense 
anci settled masses, and so can take disease 
from one another, the groat majority of deaths 
are duo to zymotic diseases — to diseases caused 
by minute Living organisms. 

** If ever natural selection has been at work, 
we should see its processes demonstrated by 
the familar causes of death among the living 
beings wo know best. It is universally 
admitted that men differ poatly in their sus- 
ceptibility to infection anti in their powers of 
subsequent resistance. If, then, a lethal disease 
bo very prevalent, it is evident that it presents 
a very Btringont form of natural selection. 

**In EngUnd, for example, hardly anyone 
escapes measles, whooping-cough, or tuber- 
culosis, unless bo be immune, or death unless he 
be resistant Whenever any form of selection 
is stringent, it is accompanied by an evolution 
of those aunties which enable tM survivors to 
osoape. It follows, in the case of disesse, that 
selection should cause an evolution of an inborn 
power of resisting infection, or of an inborn 
power of recovering from infection. The two 
qualities are qmte distinct They are also 
useful against quite distinct dise as e s ^ 

The Two Kinde of Dlooaoe. We may 
regard diseases in this connection aa of two kinds: 

1. Those against which iho Mtient can 
acquire some degree of immunity hy reoovery 
from sn attack ; lor example, smallpox, maaslea, 
scarlet fever. 

2. Tbcne against which no power of renstaoes 
can hs aoqoffsd by the individual 
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Now ftpplj tho theoiT ci fuitarml iofeetion 
of thoee mdiridomk are best fitted to 

sorviTe, and observe the result. Note that 
thaa|^ one attack of disease of the first kind 
osuaUy oonfeni individual immunity, yet in 
such caeefi the race never attains to immunity. 
Each succeeding generation remains susceptible 
as to infection as the preceding one. Thus 
Englishmen who, on recovery from measles, are 
individually immune, have ofbiprmg who are as 
susceptible to infection as were their parents. 

Immunity. This happens in spite of the 
fact that individual Englishmen have acquired 
immunity from attacks dl measles in ohilonood, 
and that this has gone on for generations. But 
measles is an agent of selection. It eliminates 
and weeds out those who cannot acquire immunity 
against it, and therefore the direction the evolu* 
tion takes is towards an increase of the pouter 
of aapiiriTig immunity. That is to nay, those 
individuals which had inborn in them the 
greatest resisting power are the fittest to survive 
in that particular environment, and do survive, 
transmitting their inborn resistance to their 
descendants, the result being that the race 
inort^ases its power of acquiring immunity 
against measles, which, thondoro, in time 
b^omos a comparatively trivial disease for 
that race. 

But if measles be introduced into a new en- 
vironment — for example, among a race such as 
the Polynesians, who have had no pn'vious 
experience of it, amongst whom there has 
therefore been no solution of the fittest in this 
connection — what is the result ? The disease 
may wipe out a whole tribe. There has been 
no opportunity for natural selection to evolve 
the power of acquiring immunity. For that 
reason, though Englishmen are as susceptible 
to infection by measles as Polynesians, they 
recover from it much more easily. 

CoMumptlon mmm Factor in Ewoluton. 

On the other hand, observe what has taken place 
with regard to those diseases against which the 
individual is unable to acquire a personal im- 
munity, such as tuberculosis. Look again at the 
human race. For hundreds of years con- 
sumption has ravaged the Old World, and more 
especially the crowded parts of it, such as 
England. But Englishmen now increase in 
towns and crowded cities, the natural breeding- 
place of consumption. 

lender similar conditions of life the natives 
of the New World, where until recently consump- 
tion was unknown, perish. When they are 
infected with consumption from white men 
they tend to extinction even in rural districts, 
not to mention in cities. Plainly there has been 
a great evolution, but as plainly it has resulted 
from the survival of the fittest by natural 
aeleotion, and not from the transmission of any 
acquired characters. 

Iheie has been an inborn immunity evolved 
in this case as the result of l<mg exposure to the 
selecting agency of the disease. So the En^^iah- 
man hm evolved his capacity to resist the 
infection of oonsumption and to gain the power 
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of recovering from an attack of measles. 
argument applies equally to anim als other 
than yyijm, ana to agencies other than disease. 

In the face of such facts as the foi^oing it 
is impossible not to recognise the existence of 
the principle of natural selection, and we 
may proce^ to note briefly other objections 
which have been brought forward against 
Darwinism. 

The White Ruler of a Black People. 

The swamping effect of intcrcrossii^ has been 
regarded as one of the most formidable diflS- 
emties of the Darwinian theory. According to 
this objection, even where a very advantageous 
variation occurs in offspring, it would seem that 
this is just as lik(‘ly to disappear in succeeding 
generations as to persist and be se^lected. It 
would tend to disappear as the result of inter- 
crossing. It was urged that the same variation 
does not occur simultaneously in a number of 
individuals inhabiting the same area, which 
would be necessary in order that the variation 
mij^t be handed on by heredity. 

The difficulty is illustrated by the hypotheti- 
c>al case of a white man becoming the ruler of a 
black population, his whiteness representing 
the advantageous variation. As the result of 
his mating with a black woman his offspring 
would be yellow, and in course of time the 
variation would bo swamiied by intercrossing 
and the royal family would be black again. 

This objection has bean met by the supposi- 
tion that the advantageous variation does 
occur in a sufficiently large number of individuals 
at the same time, and examples of this are given 
by Dr. Wallace in his work on “ Darwinism,*’ 
to which our readers are referred for further 
details on the point. 

The Effects of leolation. The im- 
portance of the isolation of a portion of a 
species in the process of organic evolution has 
lieen insisted upon by various writers, notably 
by Romanes. Isolation of those ifidividuaki 
woo exhibited any special variation would 
undoubtedly preserve such a variation. More- 
over, complete isolation involves the idea that 
new competitors as well as enemies are not a 
factor in the cose, and, in the absence 
of these, intercrossing would be prevented. 
Isolation, to prevent the effects of intercrossing, 
is, of course, rigidly practised in artificial 
breeding by selection. 

The point is, bow far does the same factor 
operate in organic evolution in Nature ? It 
happens in cases where any particular species 
reacn oceanic islands and placra where adapta- 
tion to new environments becomes a neoesaity. 
It is significant that such islands are very rich 
in distinct species. It is quite evident tkat 
some form of the isolation of new variations is 
a necessity for their pecsistenoe, otherwise they 
would be lost. But this isolation may be 
attained in other ways than geomphioally 
— ^fmr example, by phj^ological sdection of 
individuals. 

We stUl xequire more precise evidence in 
regard to the swamping effects of intstenMBing 



where there is no isolation. AH that is neoeeeary 
here is to draw attention to this aspect of the 
evolution problem. 

Darwin himself, in his ** Origin of Species," 
admits that “ isolation is of considerable im- 
portance in the production of new species/' 
though he was, on the whole, “ inclined to 
believe that largeness of area is of more im- 
portance.” 

There are other minor difficulties which have 
been advanced from time to time against the 
full acceptance of Darw'inism, but they ItK'long 
rather to the detailed study of the subject, and 
we must road the original writings of Darwin 
and \\'allaoe to appreciate them. Indeed, 
those w'orks should lx? read by every educated 
man. They are fascinating in themselves and 
(jK>ch -making in their history. 

The Ewidence from Geology. Here, 
however, we must leave Darwinism for the 
present, and turn to a difTerent asjx'ct of organic 
evolution. From the pn'sent we turn to the 
jmst. from the living to the dead, from the story 
of the nations to the story of the rocks. In them 
also, if w'c read the signs aright, will be found 
precisely analogous evidence of the universal 
law of evolution in the world. 

In the early part of this course w'e saw' that, 
in order to gain a complete history of any 
spt'cit's, it was nwessary to study what is known 
of its distribution in the bygone ages. This 
asiKM?t of biologj' is ntvessarily confined mainly 
to creatures which have or hod a hard skeleton, 
which, though buried for many centuries, still 
is sufficiently preserv^ed to indicate its structure. 
The study of the distribution of species from the 
point of view’ of time is lermtHi Palm ontology ^ 
and it is bound up with that of geology. In 
order, therefore, to fully appreciate this part 
of our task we must read also the section of 
this work dealing w’ith geology. 

The Story Told by Fossils. From 
what we have already learnt of the theory of 
organic evolution, we have c(»me to the con- 
clusion that animals have gradually lx‘<-omc 
complex from mort? simple forms. We know 
that this complexity has not Ixx'n an uninter- 
rupted progress, but that, from various caus<*s, 
animals havp Uvn extinguished from time to 
time, sometimes on a very large scale, and that 
they have also undergone degeneration in 
certain directions as well as pn>gres8. 

The study of geology introduct^s us to extinct 
animals. Indeed, in some groups we find that 
there are more extinct species than existent ones. 
It is therefore to be expected that evidencyc of 
organic evolution will be abundant amongst 
fossil forms as well as in the species now inhabit- 
ing the globe. We may reasonably hope to 
find forms which* as it were, fill in the gape 


lietween existing spectee and their remote 
ancestors, forms which may lx? regarded as con. 
necting links lx*twc»en various specitw still 
existing, evidem>es of the actual variations 
which have lxH»n the stepping -stomv) to the 
modem forms of life. 

To a iH'rtain extent the study of Palasontology 
satisfice these* ex}XH*tations. Hut many gam 
still n*main unfilUxi, and the oonm'Cting lints 
in many coses ore still to l»o found. Some urge 
this ineompleteni‘ss as an argument against 
organic evolution, but, considering the com- 
jMiratively short time which luvs elaiised since 
s«*arc*h has Unm systematically maae in this 
dirtx'tion, and the enomious an^o in the world 
o|X'n t4) investigation, the n*al wonder is the 
enormous mass of matc^rial winch has already 
Ixon colli'cUxl. 

Why the Record ie Imperfect. A 

moment's thought will show us that a numlwr 
of favourable conditions an* ntM*c*H8ary in order 
that the spcx'ies of any given age may lx* iwio- 
quatelv pnwrved. “ In thr* first plm*e. the 
animals to lx* prewTved must not die a natural 
death by distose, or old age, t>r by lx*ing the 
rev of other aninwils, but must lx* destroyixl 
y some accident which shall l(*iwj to their Ixang 
emls'dded in the soil. 

” Tlu’y must lx* either carri<‘<J away hy IUkkIs, 
sink into hogs or (|uicksandH, or U* envelojxHl 
in the mud or ashes of a volcanic eruption ; 
and when thus (‘mlx*dded tlu’y must n*main 
undisturlx'd amid all the future cbangt*s of the 
earth’s surface. Hut the chances against this 
are enormous, lx>rause denudation m always 
going on, and the rocks we now find at tin* earth’s 
surface are only small fragments of those which 
w'ere originally laid down. . . Jn view 

of such dcstru(‘tion we are forced to conclude 
that our palaontological collections, rich though 
they may appear, are r(‘ally but small and random 
samples, giving no iwlcquate idea of the mighty 
wTies of organisms which have livwi ufam the 
earth. 

” All that we have a right to exjx'ct is that, 
os w'c multiply the ff>Msil forms in any group, 
the ga|m that at first existed in that group shall 
be<*omc ktss wide and less numerous ; and ahx> 
that, in some cases, a to|erat»ly din*ct s<»ric?s 
shall lx* found, by which the nK)re sjx'cialim'd 
forms of the prf*sent day shall lx* conn(*ct«xJ with 
more generaliwxi aiic<*stral tvfx*s. . Now, 

evidence of evolution of tht?w? varied kinds is 
what we do find, and almcxtt every fresh diwovery 
adds to their number and cogency.” (VValla<JC.) 

It would l)e quite lieyond the scfqx? and objex*t 
of this course to emter into a minute description 
of the fossil forms of life ; all we desire to do is 
to ascertain their bearing <m the problem of 
organic evolution, and ibe kind of evidence 
they afford. 
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l«mrd Oil* I/mi is a oolourleaa oil ob> 
tained from hojgp^' lard. It w used for lubrica- 
tion and burning, for adulterating sperm and 
other oik, and in some plaoee, especially the 
United States, for the manufacture of soap. 

Sperm Oil, Sperm oil, which is ati abbre- 
viation of spermaceti oil, is, as its name implies, 
obtained from the spermaceti or sperm wnale. 
It is used as train-oil, but not so extensively as 
the oil obtained from the common whale, which is 
known as whale oil. Sperm oil is also used as a 
lubricant. 

Mineral Oils. Mineral oil/ are mixtures 
of hydrocarbons which are obtained directly 
from mineral sources, thus differing from the 
essential and fatty oils which are of vegetable 
and animal origin. Petroleum is the real mineral 
oil, and it is from this that the other oils are 
derived as described further on. 

Essential Oils. The essential or volatile 
oils constitute a very extensive class, which 
possess, in a concentrated form, the odour charac*- 
teristic of the plants or vegetable substances 
whence they are obtained. Tliey are for the 
most part insoluble in wati»r, or soluble only 
sparingly and with difficulty ; but in alcohol, 
ether, fatty oils, and mineral oils, they dissolve 
freely. In many important respects they differ 
from the fatty oils ; they are not oleaginous to 
the touch, and make no permanent grease s|K)t, 
they have an aromatic smell and a hot, burning 
taste, and in chemical constitution they present 
no relationship to the fats and oils. 

Essential oils have a wide range of uses, of 
which the principal is in jierfumery. The value 
of flavouring hcrlis, condiments and spices is 
due in large mcasurt; to these oils which they 
contain, and further the commercial value of 
tea, coffee, wine, and other Ix’verages is largely 
dependent on the delicate aroma which they 
owe to minute quantities of such oils. For the 
flavouring of liqueurs, aerated beverages and 
other drir^ essential oils are used, and their 
employment is not lees important in the manu- 
facture of confectionery and in the preparation 
of many dietetic articles. In the arts the 
cheaper oils, such as oil of tur])entine, are used 
in the manufacture of varnishes, and oils of 
turpentine, lavender, and spike are used as 
vehicles for painting, more particularly for the 
painting of pottery and glass. 

An emuUwn is a mixture of liquids where 
one is suspended in the other in the form of 
globules, both liquids being insoluble in each 
other, as, for instance, oil and water. It may 
also be a mixture in which a liquid contains 
solid particles in suspension — as, for example, 
camphor emulsion. 

Wax. Wax is a solid, fatty substance of 
animal and vegetable origin, allied both in 
sources and constitution to the fixed oils and 
fats, from which it differs principally in its 
greater hardness and higher meltu^-point. Of 
wax from animal sonrees there are in commerce 
beeswax, which is by far the finest, Chinese 
insect wax, and spermaceti. The more im- 
portant vegetable waxes are Japanese wax, 
myrtie-borry wax, camauba wax, and palm wax. 
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BeiS A WAX. Bee^swax is secreted by all honey 
bees, and by them formed into the cell walls and 
otlier parts of their comb. It is se|>arated by 
draining the honey, melting the drained comb in 
boiliM water, and colU'cting the wax which 
solidifies on the top as the water cools. In this 
state it is formed into cakes of raw or yellow- 
wax, good examples of which are of a light yellow 
colour, translucent, with a faint odour of honey. 

The uses of beeswax are multifarious, but it'is 
most largely consumed in making candlt^t for the 
relimous servict* of the Romiui (.''atholic and 
Orthodox Greek Christians, and for wax figures 
and models. 

Chinese Ineect Wax. This w-ax is a 
secretion dejKJsittHl by an insect on the twigs of a 
speci(^s of ash. Tim wax is. in its origin, etc., 
closely related to the lac pnxluced by the alliixl 
S{)c!*cic*8 of rocctts. When semrat4Hi from the 
twigs, w'hich it encrusts, ancl purified, it is a 
hani, transluct'nt, white, crystalline Isidy, 
similar to s{x'rma(H*ti. and in composition con- 
sists of cerin, one of the constituents of lieesw'ax. 
It is little known in Eurojie, but forms an 
im(x>rtant tnuJe in C'hina and Jatuin, where it 
is laigely usetl for candle making and for 
medicinal purjM)Hc*s. 

JaoaneAe Wax. Japanese uxur is a hard, 
wax-like fat, obtaint^l from the small stone 
fruits of s<'V(Tal sjx^cif^ of rhus cultivatixl in 
Ja()an. It is not a tnie wax, hut consists 
principally of the glycerine |>almitin with small 
profmrtions of sU^arin and diswminaUHl crystals 
of free jialmitic tund. It is largely mixenJ with, 
and used as a Kulwtitute for, lMH<sw'ax, cxe<»pt 
for us(*s when' its rancidity n'liders it objiH’tion- 
able. 

Myrtle* berry Wax. Iliis is obtained 
from the fruit of w'vcral speci(is of mt/rica, in 
the UniUni Statt's, New (iraniida, Venezuela, the 
Cape of Gooti Hop«‘, ct<‘. It is a hard, grwnish 
substance, with a pleasant, balsamic txlour, and 
consists princijially of fnHt palmitic acid with a 
little stearic acid and rayristic acid. It is con- 
sumed principally in the Uniietl Statist in com- 
bination with lieeswax ff>r candles. 

CArnAubA Wax. C'amauba wax is an 
exudation on the surfacte of the growing leaves <»f 
the camauba palm of tropical Hijuth America. 
Tl)e wax is obtained by cutting off and drying 
the young Icavi*s, from which it is then shaken 
as fine dust, and caked by melting either over 
anopen fireor in bfjiling waU^r. It is a substance 
of considerable commercial iropfirtancje in Brazil, 
whence large quantities are sent to Europe for 
use in the candle trade and otherwise, as a 
substitute for beeswax. 

PAlm«tree Wax, Palm-tree wax is an 
exudation formed on the stems of certain South 
American palms. As scraped from the trees and 
compacteefby melting, it is a mixture of resin and 
wax. Tlie pure wax, which is used for candl^ 
may be separated by digesting with boiling spirit. 
This wax is little seen in European commeroe 

SpermAcell. Spermaceti is a solid, waxy 
body found in special cavities in the head of the 
sperm whale, where it is held in solution by 
sperm oil while the creature is alive. Bperma- 
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ceti candlett of definite size are employed as a 
standard for illuminants on account of the uni- 
form, steady light they afford. The substance is 
further used in the dressing of fabrics, and in 
medicine and surgery. 

Reatn. Rtain is a secretion formed in 
special resin channels or passagt'^ of plants, 
from many of which, such an conif€?rous trees, 
it exudes in soft tears, hardening into solid 
masm^s in the air. It is also obtained by making 
incisions in the bark or wood of the s€^cIt4ing 
plant. ( k^rtain resins are obtained in a fossilised 
condition, amber bcung the most notable instance 
of this class, and A frican copal and the kauri 
gum of New ^aland are also procurtid in a semi- 
fossil condition. The n^sins which arc obtained 
os natural exudations art^ in general comj)Ound 
laxlicw containing mon^ than one simple resin 
and varying projKirtions of cHmm tial oil. Tliese 
compounds, when soft, are known as oleo^resins, 
and when imperfectly fluid, they are calkxi 
balsamM. Other resinous products are, in their 
natural condition, mixed with gum or muci 
laginous sulmtanoes. and known as gum -resins. 
A typical rc*sin is a transpivrent or translucent 
mass, with a vitr«*ous fra<’ture and a faintly 
yellow or brown colour, inodorous, or having 
only a slight tur|Kntine odour and taste. A 
sericM of gradations among resins may Ik 5 trac<^ 
from the hard, glassy, transparent copals through 
soft elemis and olcH)-rt‘sins, semi-fluid iMilsams, 
and fluid w'ood oils, to the most limpid essential 
oils. The hard, transparent resins are used 
principally for varnishes and cement, while the 
softer, odoriferous oleo-rcsins and gum -resins, 
(.Hmtaining of^ssntial oils, are more largely used 
foi^ pharmaceutical purposes and incense. 

Amber. Amffer is a fossilised resin, of a 
pale yellow to reddish colour, the product of 
extinct varieties of pine trees which formerly 
grt'w where the Baltic Sea is situated, and by 
the weaves of which the amber is now oast upon 
the surrounding shores, more especially on the 
IVussitvn coast. It is used chiefly for making 
Ixuids, brtH>cht«, and the mi>uthpi<HMV! of pipt^s, 
and when heaUxl w ith nut oil and thinned with 
turpentine, forms ambi^r varnish. 

Copal. Copal is a hard, lustnuis, aml^'r- 
like resin, whion, when dissolved in turpentine 
or alcohol, forms one of the roost valuable 
varoishes. There are many variotiee, as Mada- 
gascar copal, Sierra IxH>ne copal, South American 
copal, etc., but by far the most important — from 
a commeroial p(>int of view — is Zanzibar, or 
East African copal. It is found in two distinct 
conditions : the first, raw or recent, called cbaJbaze, 
corrupted to “ jackass copal;** the second, the 
true, or ripe copal. The raw copal is obtained 
direct from the trees or at the roots, and is not 
used in European commerce. The true, or fossil, 
copal is found embedded in the earth to a depth 
of throe or four feet in places where not a tree 
is to bo seen. 

Cannda Balaam. Canada balsam is s 
colourlesa resin, secretod in Uie form of a liquid 
under the liark of the balsam fir tree of North 
Ameiioa, from which it is obtained by puncturing 
the bark. It thickens with age, and is used in 
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making vamishes, but as it remains transparent 
permanency, it is chiefly used for mounting 
small objects for use under the microscope. 

Turpentina. Turpenline consists of the 
oleo-resins which exude from certain trees, 
especially from some conifers, and from the 
terebinth tree {Pistaeia TerebiniAus). It was to 
the product of the latter, now known as Chian 
turpentine^ that the term was first applied. 
Chian turpentine is a tenacious, semi-fluid, trans- 
parent body, yellow to dull brown in colour, 
with an agreeable, resinous odour and little taste, 
and on exposure to the air it becomes dry, hard, 
and brittle. In their general characters, turp^- 
tines are soft solids or semi-fluid bodies, consist- 
ing of a mixture of one or more resins with 
essential oils. 

Oil or spirit of turpentine^ pine oiU or turps, 
as a commercial product, is obtained from all or 
any of these oleo-resins, but on a large scale only 
from crude or common turpentine. The essen- 
tial oil is rectific^d by distillation with water and 
alkaline carbonates, and the w-ater which the 
oil carries over with it is removed by a further 
distillation over calcium chloride. Oil of tur- 
pentine is a colourlc^ liquid of oily consistency, 
with a strong odour and hot, disagrt^eable taste. 
On exDfisun* to the* air it dries to a solid resin, 
and when oxidist^l in th(^ presence of w’uter, gives 
off peroxide of hydrogen, which is utilised in the 
pri'paration of the disinfectant called “Sanitas.** 
Oil of turfK'ntino is largely used in the prepara- 
tion of vamishes, and as a medium by painters 
for their “ Hat ’* colours. 

Rosin, resin, or colophony, is the residue left 
bt'hind after the oil of turptmtine has been 
distilled off from crude turpentine. It varies in 
colour from white to dark browTi, according to 
the purity, the age of the tree, and the hmt used 
in the prejmration. It is used as a flux for solder, 
for rubbing on violin-l>owB, for combining with 
tallow in candle-making, also in inferior vami^es 
and sealing wax, os well as in the manufaotore 
of the common yellow soap. • 

Alcohol. Alcohol is a volatile organic 
l)ody, constantly formed during the fermentation 
of vegi'table juices containing sugar in solution. 
It is extracted from spirituous liquors of different 
kinds by suct^essive distillations. The alcohol, 
being more volatile Uian water, gradually 
accumulates in the first portion of each distillate. 
After a few operations, the spirit obtained is 
as strong as it can be made by this process, and 
further repetition does not separate more water 
from it. ^ commerce, the strongest spirit is 
known as spirit of wine, and contains alwut 90 
per cent, of alcohol. The remaining 10 per oent. 
of water must be removed by some chemical 
agent that will combine with water and retain 
it at the boiling point of the spirit, and be 
without any specifle action on the aioohol. lime 
is generally viod for making the abaohito aloc^ol 
of commeroe. For this purpose the caustic lime 
is broken into pieces ab^t the size of a walnut 
and placed in a retort, spirits of wine is now 
pourra into the vessel, just sufficient to cover 
the lime, and the whole is left for a night, daring 
which time the lime gradually alalm from the 



abBorption of water, and the anhydrous alcohol 
is left to distil off. 

AbschUt or purt alcohol is a colourless liquid, 
of a pleasant smell and acid, burning taste, with 
a specific gravity of 0794. It mixes with water 
in all proportions, is a solvent for organic 
rinciples, bases, resins, oils, etc., and as such 
as an extensive use in the arts and in medicine. 
Different grades of alcohol are sometimes 
designated in trade according to the source from 
which they are derived, as grain alcohol, prepared 
fitnn maize or other grain ; root alcohol, from 
potatoes and beets, and moss alcohol^ which is 
made in large quantities in Russia, Norw'ay. and 
Sweden. Proof spirit contains 49'3 per cent, by 
weight, or 57 1 per cent, by volume of punt 
alcohol ; overproof and vnderproof are desig- 
nations of a stronger and weaker solution respec*- 
tively. Distilled liquors or ardent spirits, such 
as whisky, brandy, and gin, contain 40 to 50 
per cent, of alisolute alcohol, wines from 7 to 20. 
porter and ale from 6 to 7, and beer from 2 to 10 
per cent. 

Methylated Spirit is a mixture of onli- 
nary spirit of wine or nlcoliol, with one-ninth 
of its volume of wood -naphtha {mcthylir alcohol). 
The naphtha communicates a disagwable 
flavour which renders the spirit unfit for drinking. 
It is of much use in the arts as a solvent, for 
preserving specimens, in the manufactiuv of 
vamislies, for burning in spirit lamps, etc. 

Lac. Seed lac is obtained from ^^ick lac, 
which is the name given to the resin -covered 
twigs of various triHJS of Southern .^sia. by 
removing the resinous substance from the 
twigs and grinding to a fin(^ jiowdcr in water, 
which dissolves the greater part of the colouring 
matter, leaving the granular residue which, 
after drying, is the se^-lac. 

^hellac is seod-lac melted, strained through 
thick canvas, and formed into thin layers or 
plates. Shellac, which varies in colour from 
a dark amlft*r to an almost pure black a p|>oarancc, 
may be bleached by dissolving in a l>oiling lye 
of caustic potash and passing chlorine through 
the solution till all the resin is prccipitatod. 
Lac is a principal ingrexiient in scaling wax, and 
forms the basis of some of the most valuable 
varnishes, lies ides being useful in various cements. 
Though lac is to 1x3 found everywhere, British 
imports are admost entirely drawn from CaloutU, 
which derives its supjdy chiefly from the hills 
of Chutia Nagpur, but also to a less degree from 
Assam and Mir^pur in the North-Western 
Provinces. 

French Polish. French polish is a liquid 
used for polishing wood, prepared by diss<jlving 
shellac and a little colouring matter in methy- 
lated spirits of wine. It is applied with a sponge 
or rag, and the surface is then rubbed very 
thoroughly with a soft pad, sticking being 
prevented by an occasional touch of linseed oil 
on another rag. The operation is usually 
repeated two or three times, to prevent the gram 
of the wood from rising thomgh the pobfb. 
Glazing is a cheap imitation of French polishing 
pot on as a varnish. 
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Vnmiah. LumtVA is a fluid preparation 
which, when Kpn>ad out in thin layers, dries 
either by evajKiration or by chemical action into 
a hard, tranapanmt and gltxwy tilin. The 
materials which form almost exclusively the 
permanent lx>dy of vornislu's arc the lirying 
oils and resinous siibstHiices. the chief iif which 
are the copals, lac, dammar, elemi, amU^r. 
mastic, sandarac and resin. For certain forms ol 
varnish the drying oils thcmrtdvt's act as the 
solvent for the resin, but in other cost's volatile 
solvents art* employed, thost' chiefly used are 
methylated spirit, wooti spirit, ether, benzine, 
turpentine and other esst'ntiol oils. 

According to the solvent t'injiloyed, the or- 
dinary kinds of vaniish are divided into tlmxj 
classtxt — (1) spirit varni.sht's. (2) lurjxmtine var- 
nishes, (3) oil varnishes. 

Spirit Varniahea. Spirit mrnishes dry 
with groat rapidity owing to the volatilisation 
of the solvent spirit, leaving a coating of pure 
resin of great hardness and brilliance, but the 
film is deficient in tenucitv, cracking and 
scaling rtwlily on exposure, 'l^he n'sin lac, either 
as grain, sludl or bleached lac, is the basis of 
most spirit varnisbes, but siuidarao is also used 
largely, and to those an» addinl. in varying 
proportions, the softer resins elemi, Vimice 
tur|xmtine. mastic, etc., which give elasticity 
and tenacity to tlio varnish. 'Phe solvent is 
alnuwt exeiusividv niethylahsi Hjiirit. Spirit 
varnishes are uwhI principally for cabinet work 
and turnery, stationery, gilding and metalwork. 

Turpentine Varniahea. Tur|s‘ntine is 
the solvent principally used for making dammar 
varnish, the solution Isdrig elbvcted by pow'doring 
the resin and Indling it w'ith a proportion of 
spirit of turixmtine, ait4*r which more turfamtine 
is added in the cold state to bring the preparation 
to a T)ro|K*r consistency. I’urjxmtiiie varnishes 
are alst> made in which the prineijud resinous 
bodu3S are sandarac and common resin, an<l, 
moreover, turfx*ntine is largely employed to 
reduce the consistency and to improve the drying 
properties of oo[)al varnish. 

Oil or Fatty Varniahea. In thi»so the 
basis or solvent consists principally of linsfsHl 
oil, but the other drying oils - jsippy and walnut 
— may also 1x3 us«*d. It is in the form of Iwiiltxl 
oil. or of oil jireparod with driers, that tlu^e c»ils 
are used in varnish making. The* rc‘sin firineijiajly 
used in oil varnishes is cf»pal. an<i its variettes 
differ very much in hardness— that is, in the 
temperaturo at which they melt and distil. 

Painta. Paints may Vx? divided under 
several heads, according to the chief mgredHtnt 
or base which is mixed with the yenicle <>r 
medium, or carrier —such as leoil jiaints. oxide 
paints, zinc and baryta paints, graphite paints, 
etc. Generally speaking, lead paints arc used 
upon woodwork, oxide of i'ron and graphite 
paints upon ironwork, zinc and l>aryta paints 
upon surfaces eirposcd to the impure air of towTis, 
w^re white or delicate tints require to be pre* 
served from the sulphur iropuritiffs which turn 
lead painU black. Besides the base and vehicle, 
it is generally necessary to add a drier U> oxidise 
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the vehiola repidl^ and oaoae it to drr qitiokl^, 
and a tolveni to duute the Vehicle 00 that it will 
flow readily from the bruah, beetdes the pigment 
for giving the required colour. 

L^ad Pnlntn. Whit€ lead ig a mixture of 
hydrated oxide and carbonate of lead in pro* 
nortiona of approximately 2i> per cent, of the 
former and 75 per cent, of the latter. The 
r>utoh method 01 manufacture ia a long proceaii, 
but ia briefly aa followa: Metallic ksad, in the 
form of diaca called ** bucklea '' or open caat 
grids, is laid on earthenware pans containing 
vinegar, which are afterwards piled into bins, 
covered over, and left for about throe months. 
During this time the temperature rises and a 
complex chemical change takes place by which 
the Duckies are converted into white carbonate. 
The white lead is ground to a fine powder 
and mixed with lOperctmt. of linsiHid oil, forming 
the paint known as white load in oil. 

JKed lead^ or minium, is a pigment made by 
exposing litharge or massicot to air at a very 
high temperature, under which conditions it 
al^rbs more oxygon. When mixed with linsoed 
oil and mastic it is used as a cement ; but it is 
used chiefly as a pigment, for the reason that 
when mix^ with either linseed oil or water 
it forms a good first coat owing to its groat 
covering powers. 

White Lead naint is not only poisonous, but 
it rapidly blackens in the prt^senoe of the sul- 
phurous fumes which are present in tho air of 
all towns. On tho coast, where it is subjwt to 
tho action of the sea air, it is liable to chalk 
off.” tliat is, rub off with tho hand as if the 
wood had IsHn chalked. 

Zinc Pnintn. Pure zinr oxide painU 
ground in pure, n^flned, boiled linscMvi oil, fur- 
nishes a permanent white with grtsat covering 
power, without requiring the addition of 
driers, but it is necessary to ensure that it is 
sfiic oxide^ and not merely CharlUm white. 
Being a pure white, it permits of mixing to 
delicate shades of colour which the yellowish 
tinge of white lead will not allow. It is non- 
poisonous, and not acted upon by sulphuretted 
hydrogen. Tho largest manufacturers of xinc 
white are the Vieile Montague Company of 
Jenappe, Belgium, w^ho turn out about ri.OOO 
tons ]^r annum. 

Charlton while or lUhopone is compoaod of 
xtno sulphide and barium sulphate. It is aome- 
times used aa a substitute for white lead paint 
for inside use, as it has greater, covering |K)wer 
and keeps its colour better, but it does not give 
so hard or permanent a surface. 

Iron Oxide Paint. Jrtm oxide paint has, 
as the base, a magnetic oxide or sesquioxide 
of iron prepared from hematite ore. It has been 
used for man^ years as preferable to lead paints 
for painting ironwork, but ia now giving way to 
graphite paints, which experience shows to be 
more lasting. 

Graphite. Graphite^ or hlaek lead, is one 
of the forms in whi^ carbon ooours in Nature, 
and it reoeives its name from its use in 
the manufacture of writing pencils. Besides 
pencils, it is used for burnishing iron to prevent 
lOM 


rust, sad also for placing between robbing 
surfaces of machinery to prevent friction. The 
best quality of graphite u^ for pencil making 
is obtained chiefly from Siberia, wrhile the coarser 
varieties, from Ceylon and elsewhm^ are used 
for stove polish and lubrication. 

Oraphile paint is a mixture of graphite with 
pure linsooa oil. It is the best preservative 
among tho oil paints for surfaces of iron and 
steel. 

Metallic Paints. There are several 
varieties of these for giving lustrous surfaces, 
such as bronze, gold, silver, etc. The most 
recent is ” Lustrogen,” an aluminium paint, 
which is said to retain its brilliancy indefinitely 
and to have a covering capacity of 900 to 1,000 
square to the galmn. It resists sewer gas, 
sea-air, sulphuretted hydrogen, damp, and heat, 
and is suitable for stable fittings and all orna- 
mental ironwork. 

Enamel paints consist almost entirely of zinc 
oxide mixed w'ith a varnish and the necessary 
colouring materials. It is the zinc white which 
gives these paints their pexjuliar durability. 

Fire-resisting paints contain soluble glass in 
their composition. For example, a good white 
paint is made with finely ground zinc white 
(oxide of zinc) mixed with a solution of soluble 
glass (silicate of soda), with a strength of 40 to 45 
degrvim of the Beaumt^' hydrometer, until it has 
attained the consistency of ordinary paint. 

Cganite is a colourless preparation put on as 
a {mint, for preventing wood from flaming when 
exposed to fire. 

Fire-resisting putty is made of soluble glass 
(silicate of soda) mixed with ground chalk, and 
hardens within six or eight hours. It may be 
coloured with sulphide of antimony, iron filings, 
or zinc filings, incorjKjrated with chalk. 

Polishera* putty, or putty powder, is powdered 
oxide of tin, used for {X)li8bing glass, granite, and 
other hard substanws. 

Water Paints. Certain washable paints 
or distempers are known by this name, such as 
Duresco, made by the Silicate Paint Co., of 
Charlton ; Olsina, by Mander Brothers, of 
Wolverhampton ; HalVs Sanitary Washable 
Distemper, by Sissons Brothers & Co., Ltd., of 
Hull ; Magnite Sanitary Water Paint, by 
Clemons, Marshall Carbert, of Leeds ; and 
MayrescOt by Mayfield Brothers, of Sulcoates, 
Hull. 

Luminous Paint. Balmain's luminous 
paint is made by heating a mixture of sulphur 
and powdered oyster-shells in a closed crucible, 
forming a polysulphide of calcium, which is then 
mixed with mastic varnish. It is used for clock 
dials, lanterns for powder magazines, etc., 
owing to its peculiar property of emitting light, 
in darkness, without a fiame ; also for keyhole 
esootoheons, match boxes, sad other amaH 
articles requiring to be seen in the daric. It is 
generally prated over the under side of a dieet 
of glass to protect it frcun being nibbed off. 

SUin. Size is a substance of a geUtiaous 
nature, like weak glue. The best is made from 
leather parian pandiments, etc., boiled in water 
and alterwam purified. For common purpoaea. 



it IS made from potatoes, glue, or scraps of horns, 
hides, etc., and is used for preparing writing- 
paper, and also by painters for stopping the 
pores of the material to which it is applied to 
reduce its absorbent power. It may be rendered 
less liable to putrefaction by adding one- tenth 
of a pound of boracic acid to each gallon of 
liquid size, or a little carbolic acid will effect the 
same purpose. The smell may be rendered less 
objectionable by the addition of a little oil of 
cloves or essence of peppermint. Sichtl-glue is 
a non-odorous size which dissolves in cold water. 

Puinioe*ntone. Pumice-Hone ^ or pumice^ 
is a light, spongy mineral substance, formed by 
the solidification of the foam on molten lava due 
to the escape of gas or steam. It is generally of 
a whitish -grey colour, and consists of about 70 
per cent, silica, 20 per cent, alumina, and 10 per 
cent, soda, potash, and inm oxide. It is exten- 
sively used as a smoothing material for ivory, 
horn, wood, paint, marble, and various metals. 
It is much used by house-painters for nibbing 
down the various coats of paint work. For some 
purposes it is ground to a powder and used in a 
similar manner to emery paper. 

Artificial pumice is made from a mixtunt 
of calcined and cnisht^i quartz and alumina, 
moulded up into the form of bricks. 

Sal - ammoniac. Sal - ammoniac is the 
earliest knoun salt of ammonia, and is now 
called ammonium chloride. It was first manu- 
factured in Egypt, and for many years Europe 
was supplied with it from that country. It 
occurs usually in the form of a hard, white 
cake, opaque, or only slightly translucent, with 
a cooling and rather disagreeable taste. Tlio 
first attempt to manufacture sal-amnioniao in 
Europe was made in London alxmt the lieginning 
of the eighteenth century ; but the first surc<*SM- 
ful manufacture in this country was established 
in Edinburgh about the year 1700. 

Spirits of Salt. Spirits of salt, kmmTi 
also as hydrochktric acid, muriatic acid, or 
hydrogen dfjUtridc, is a colourless, strongly acid 
solution, made by dissolving hydrogen chloride 
gas (hydrochloric acid gas) in water. It is 
extensively used in the arts. When killed by 
the insertion of scraps of zinc, it is used by 
tinmen as a soldering fluid in conjunction with 
sal-ammoniac. 

Blue Stone. Blue, stone, or Roman 
vitriol, or more correctly sulphate o/ copper, is 
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];^pared on a large scale direct from the cementa- 
tion water from pyrites mines, by evaporation 
to the crystallising |K>int. It is also pn^pared 
by the oxidation of sulphide of copper in a 
furnace at a comparatively low heat, i\nd by the 
direct action of sulphuric acid on metallic 
copper, as well as by various other pn^xyutes. 
Sulphate of copjxT is very largely used as a Wis 
for the prejiaration of other copfier compounds, 
in eWtro-mctallurgy, calico printing, ana in the 
American method of extracting silver from its 
on«. It is also uwxl in the projmration of the 
copper pigments, Sclundo's gretm, Si'hwcinfurt 
green, and Paris grinm. A solution of sulphate' 
of coppt*r is considered to bt' the In'st curative 
for dry rot in timlior, put on as a |>aint, if tlic 
fungus has not obiaintnl too firm a hold. 

Copperas. Oreen f*iiriol, /erntus sulphate, 
or copperas, is a salt nf iron, of a bluish -gretm 
colour and an astringent, inky, and swtH'tish 
taste. Copperas is manufactured, with alum, 
by the oxiaatioii of the inm jiyriUw contained 
in aluminous schists, such as those' of the coal- 
mc.isurcs of Renfrew and Ixinark. It may 
alw* l)e prt'panxl by S|K'nce’s metluKl of htmting 
ground pucldling-Ziimace slag, tap-cinder, or 
Clevelana ironstone with sulphuric arid. Cop- 
jK'ra-i is used in dyeing and tanning, in the 
manufacture of ink. lYussian bhie. and Nord- 
haustn sulphuric ac'id or fuming oil of vitriol, 
in medicine as an astringent and tonic, and in 
analytical chemistry. 

InK. Ink is a thin fluid uwd for writing 
and drawing, and also a thicker sulmtancc used 
in printing. l)eing distinguishtHl under the titles 
of uriting ink and ftriniing ink. 

Common black uriting ink is mostly ma^le by 
stex^ping a mixture of galls, copfKTas, and gum- 
arabic, while the colouring matb'r is gajlo- 
tannate of iron, and sometime's a little logwood 
is added to improve the colour. 

Printing ink is a mixture of l)oile<i oil and the 
colouring pigment. When the ink is requinnl 
to be fine, nut and other fine oil is usexi, some- 
time's mixixl w'ith a little rixtin ; but for the 
coarser inks resin only is us<hJ. The pigment 
for black inks is generally larnpbla(;k, while, to 
improve the impression, sfmp is also addcxl. 

There are also many other varieticxi of ink, as ; 
India, C^ina or Indian ink, lxs>k ink, copying 
ink, marking ink, lithographic ink, etc. 


Continued 
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EXBBCIBI. 

1 Pet. pit, Tate, taught, kit, aft, east, shot. 
8 Wit, await, light, alight, yet, plot, ci*ate. 

3 Bad, aided, edged, jade, goad, egged, mead. 

4 Old, erred, blade, bread, glade, broad, dread. 

5 Pound, fintnl, accident, inward, brickyard, 

6 Meat, mud, night, Ned, admit, doomed, 

fillet, fail^. 

7 Bailed, ballad ; showered, charade ; tarred, 

tirade. 

8 Pelt, polite, kilt, molt, omelet, inlet, runlet. 

9 Impound dampened, lingered, hungered. 

The upward h must be written in words that 
contain h Imlved, with or without final circle or 
hook, as 


^ ^ 

hat^ haiSj heatf hunt, htnij, 

<? ^ 

haft^ heaved. 

After the *fton h<x)k, the stroke at may l>e 
written upward when it cannot he written 
downward ; thus 

^ Ai 

eircurnumist, W*eratu>rnni, salmtionist. 


The half-length r[y] should never he written 
alone, nor with i only [^] added. Write ^ 
[not <] rate, ^ [not ] write, /X [not 
vriles. It should generally bo used finally for 
rt, and for rd, when it is not convenient to 
write ^ ; thus 

I 

dart, fort, lard. 

Two half-length strokes, or two strokes of 
unequal length, must not be joined together 
irjfbESS THEY MAKE AN ANGLE ; thuS / cht mUSt 
not be joined to ! cht for chit-cJiat ; nor \ 
pr to \ ^ in jrropped ; nor — k to — It in 
tactics, nor m to ^ nf for mintde. DeUich 
the signs, or write the letters in full ; thus 

or J chit-chat, \j propp d, tac tics, 

minute. In /ord, named, etc., 

the junction, l>eing evident, is allowed. 

Half-WEed f or d immediately following the 
consonants f or d is always disjoined ; thus 


i; I;. V I 4 

tided, dated, treated, dreaded, hemtated. 


Verbs written with the half-length principle 
form their tense thus 


fate, fated; chd, chatted; 


(. 


'' V v> 

nod, moidei; fart, ported. 


Verbs written by a half-length letter ending 
with a hook form their \M»t thus 

print, Noy printed, - pl tnt, ^ (to pre- 
serve the slraiglitness of the stroke) jdonted, 

dint, J stinted, aetiuaint, aet^thdnted, 

^ grant, tfranietl, rant, ranted. 

When a word ends with t or d followinl l»y a 
vowel, the letter must be written in full, and 
not indicated by the hidving principle ; thus 

^ _ri u 1.1 

guilt, guilt g; dirt, dirtg ; lift, l^ftgi 

^ 'v/l ^ 

fault, faulfg: mould, mouhig. 

The circle as already exjdainod, is always 
read last when it is written at the end of a 
word ; thus 

X 

pun, pu)d, punts; join, joint, joints; 
frnum, front, fronts. 


Exkiujkk. 

1 Hate, height, hit, hits, huffed, hounds, 
ii Fashionist., elocutionist ; evolutiomst, re- 
volutionist. 

li Wrote, writ, write, rout, j>ort, tail, lured. 

4 Pit-aqiat, bribed, t it k tack, emanate, numbed. 

5 Attitude, audited, vegetate<l, obtruded. 

6 FitUnl, plotted, jotted, netted, rm)tod, pirated. 

7 llranded, grounded, stunted, uiiarqimiiiU*d. 

8 Fort, forty ; malt, malty ; neat, natty ; 

loved, love-day. 

9 Tin, tint, tints ; pine, pint, jnnts ; shunt, 

shunts. 


Grammalofuea. The following additional 
grammalogucs iMiould be memorized : 


call'd^), cannidf), could, great, rud(^), 

r 1 < 

MhirlC), told, Uniard, thatf), without. 

The Double-Length Prfnciple. Cun^ed 
consonants are made twice Ihoir usual length to 
indicate the addition of tr, dr, or thr ; thus 

<< rv ^ 

JUfw, floater, laugh, laughter, father, 
win, tendur, thund^, oydtr, AatUr, 

<r~> / 

mother, emoother, centre or ■eender, lighter, 
dighter, builder, border. 
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When dr or thr follow an initial t, they aiW 
expressed ^ end not doubling the 1, 

thus 

n rH 

oll^f leader^ Uathrr. 

After /, sh, m also, dr is expressed by ^ 
and not by doubling ; thus 

S -T^ 

fodder^ tikudder, Modder. 

Straight consonants hooked hnally, or which 
follow another tiroke^ are made twice their 
usual length to indicate the addition of it or 
dr ; thus 



\ 

} 

} 


p tir^. 

painter, 

ten. 

tender, 

wren, render. 






won. 

wonder. 

,jon. 

yonder. 

llun, hunter. 


^ ^ L 

rafter, netJc, nectar, rector, detractor, 
dUputer, dehuttr. 

The cliaraotei* tnp is doubled to express 
rnpr or m/>r ; thus 

temper, chamhfr. 


^ A 

encounter, encountered, dander, dandered^ 

hinder, hindered, pamper, pampered, 

When a word ends with a* vowel preceded 
by tr, dr, or thr, these consonants must be 
written and not indicated by doubling; thus 

^ 

flatter, flattery, winter, wintry, 

^ n V. S 

minder, rundty, feather, fecUhety. 

The circle $ at the end of a double-length 
cliaracter is riad lout, as usual ; thus 

I ^ -X. 

tenden, feathera, counters. 
Exercise. 

1 Enter, Easter, loiter, shutter, matter. 

2 Founder, asunder, smatter, cylinder, Walter. 
S Palter, porter, folder, charter, chartered. 

4 Letter, louder ; latter, ladder ; fetter, feeder. 

5 Shouier, shedder ; mutter, madder ; fitter, 

federal. 

fi Pointer, tinder, ranter, wander, wandered. 

7 Elector, ^npowder, dissector, pretender. 

8 Vam})er, Humber, jumj>er, timber, belonger. 

9 Slumber, slumbered ; anger, angered. 

10 Flounder, floundered ; director, directory. 

Key to Exercises in Last Lesson. 


The character 
or Hiffjr ; thus 


ng is doubled to express ngkr 


s/irMcr, longer. 


Tlio hooked consonants mpr, ndtr, 

w iigkr, ngifT arc generally more convenient 
for verbs, because they can be readily halved 
for the past tense ; thus 


scamper, scampered, cumber, cumbered, 




canJeer, cankered, linger, lingered 
In a few common words, it is allowable to 
double a letter to express the addition of the 
syllable -tutv; thus 




feature, future, signature, picture. 


When the present tense of a verb is written 
with the double-length principle, the past tense 
is written with the halz-length principle ; thus 

ponder, pondered, tender, tendered. 


1 Quibble, quiet, quarter, quarrel, require, 

guano, languish. 

2 Weal, wallow, wealth. Wells, wheel, whelm, 

meanwhile, wheeler, » 

3 Fuller, roller, skuller, poorer, admirer, 

borer, snorer. 

4 Pump, jump, embellish, arabitions, whack, 

whip, whisper. 

1 ^ ^ 

i O (Ti 

» ^ r; ^ ^ 

1 Hook, liaggis, hc^ boai^r, haddock. 

2 Hive, haggle, hairy, cohesion, unhinge* 

3 Hilly, horror, hump, happily, handy. 

xU 

, hx ^ yr 4^ yV 
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MORE ELEMENTS IN DETAIL 

Ahttniniam, Mafifnestum, Mansfanese, ' Iro^^^d^" 


By Dr. C W. 

Bleaching Powder. Bleaching powder 
is anoUier very important substance which 
contains calcium, though this is really not the 
most important element in its composition. 

It is prepared by the action of chlorine — 
its active ingredient— on calcium hydrate, or 
slaked lime. This last, prepared with groat 
care and free from impurity, is spread out in 
thin layers over the floor of stone chambers, and 
then chlorine gas is passed over it. The 
compound that is formed is of somewhat un- 
certain composition ; it may perha^ be 
described as a mixture, or rather a semi-cf m- 
pound, of chloride and oxychloride of lime, and 
its composition may bo indicated by the formula 
('aOOlCi. This formula is only approximate, 
and must not at all be taken as comparable with 
the other formulas we have seen, which are 
exact. At any rate, bleaching powder contains 
a superfluity of chlorine which it is always 
ready to dispose of, and to which it owes its 
properties. 

Another very common salt of calcium is its 
fluoride, which has the formula CaF.j.* This 
occurs as a very common mineral, very often 
in association with the ores of lead, and usually 
known as fluor-spar^ or ftuorile. 

It forms very nearly transparent crystals, 
most frequently cubical. It is hard but brittle, 
and occurs in a large number of different colours, 
of which the most common is violet. Sometimes 
it eccurs in alternate bands of violet and colour- 
less structure ; this form is known os Derby- 
shire spa. ^ 

Salts of Calcium. The sulphate of mkium 
(CaS 04 ) is an important salt, which occurs in 
nature in different forms. One of these, some- 
times called anhydrite, contains no water, but 
commoner forms, such as gypsum, contain two 
molecules of water of crystallisation to each 
molecule of the sulphate. Other water-contain- 
ing forms of sulphate of lime are selenite and 
alabaster. Selenite is practically equivalent 
to gypsum, and alabaster is almost identical. 
The latter has a pearly lustre, is never trans- 
parent, is quite soft — in this respect these 
forms contrast markedly with anlwdrite — and 
thus it can be very readily carved or turned ; 
but it must not be exposed to rain, as it is soluble 
in water, though only slightly. If these forms 
of sulphate of Time are heated, there is deriv^ 
the cement-like substance called piaster -of -Paris. 
In practice this is a]wa3ni obtained from the 
commonest form, which is gypsum. When 
heated at a temperature considCTably above the 

♦ If the reader is not sure that he knows what 
these formulas mean, he should turn back to tho 
place where they are discussed. 
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boiling point of water, it loses its water of 
ci^tallisation, and forms a plastic substance 
which can bo moulded to any form, and which 
on mixture with water speedily sets into a hard, 
rigid mass, which consists of a union, if not a 
true chemical combination, betweim the water 
and the salt. It is certainly more than a mere 
mixture of the two. This we know l)ecausc a 
good deal of heat is produced as the plaster 
sets, and the evolution of heat is an invariablt^ 
sign of the satisfaction of chemical affinity. 

The sulphide of lime (CbJ^) is luminous in the 
dark, and may, therefore, be useni to amuse 
children, and so forth. At one time it was 
largely employed in mwlicine, but is probably of 
no particular value as a drug. 

The phospheUc of lime, a compound of lime 
and phosphoric acid, occurs in nature os a 
mineral called a^tatite. It is constantly found 
in the animal body, forming some flO jn^r cent, 
of the structure of tho bones, and even a higher 
proportion of th© tt'cth. Minute quantitU^s of 
the fluoride of calcium are also found in teeth. 

Barium. Barium is a very heavy metal, 
which closely rmembles calcium in many of its 
chemical propi^rtjes. It has recently obtained 
much fresh theoretical imp<)rtanoe from the fact 
that it H(«cras to have certain relations to radium. 
Its atomic weight is about 137. Its name is 
derived from the Clref^k word fuirys, heavy. 
Barium is never found in the elemental state 
in nature, but oerurs in the form of two salts — 
the sulphate, which forms the mineral known 
as barytes, or heavy sfxir, and the carbonates, l^ike 
sodium and potassium, barium was Hrst isolated 
by Sir Humphry Davy ; its oxide closely cor- 
rwiponds to the oxide of calcium, and has a 
similar formula BaO. It is known on baryta. The 
characteristic colour produced by barium salts 
when they are heated to incandfjHconee is green, 
and W)me of them, such as the chloride and 
nitraU*. are often userJ in fireworks for this 
purpose?. Barium also forms a dioxide (having 
the formula BaO., ), as indeed does calcium. The 
calcium salt is of no importance, but the barium 
salt is used as a means of preparing oxygen in 
large quantities. In the first place the salt is 
formed by heating the ordinary oxide to dull 
redness in air, from which it takes a cerUin 
amount of oxygen so as to form the dioxide. 
When this is heated still further it gives off the 
extra oxygen which it has taken up at a lower 
temperature. Instead of raising the temperature 
further, the same changes may l>e made to occur 
by altering the presaure, which comes to the 
same thing. Air is forced into tubes containing 
the oxide, the dioxide being formed whilst the 
nitrogen of the air escapes. Then when the 
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up !• gjirm off again* and ean bo eofiacted. 

StMmtlum. The laat element dealt with in 
thk group ifl strontium, which is of less im- 
portaaoe than any of the others. Its atomic 
weigM is about 87*5* and its chemical symbol 
3r. It also was fi»t discovered by Davy, being 
prepared* as we have already seen, by electro- 
JyBjs of the fused chloride. It is a yeUowish, 
malleable metals which readily oxidises on 
exposure to the air* and also decomposes water 
in the fashion which should now be familiar. 
It is found in nature in the form of the sulphate 
and carbonate. As in the case of barium, its 
chloride and nitrate are soluble, and can be 
used, especially the latter, in fireworks. It 
produces a splendid crimson colour. The 
sulphate of strontium is peculiar in that it is 
less soluble in hot water than in cold. 

Magnesium and zinc are the next two 
metals to be discussed, since they form a group. 
They are both metals heavier than water, but, 
unlike the preceding metals, not liable to act 
upon it, save slightly, if the water be boiled. 

Mstgneslum. Magnesium is not found in 
the elemental form in nature, but ia abundant in 
certain compounds. Of these the commonest are 
the carbonate, the double carbonate of calcium 
and magnesium, which is known as dolomite, 
the sulphate (which occurs, for instance, os the 
mineral EpNomite, reminding us of the medi- 
cinal use of the sulphate of magnesium, or 
Epsom salts), rarnallile, which is a double 
ehlorido of magnesium and potassium, and in 
the form of various mixed silicates, such as 
os&esfos, tourmaline, and meerschaum (literally 
sea-foam). Again it is Sir Humphry Davy who 
has the distinction of having first isolated 
magnesium. I'be metal is now prepared from 
its chloride, fn)m which it is displaced by means 
of metallic sodium. It is extremely light, 
insoluble in water, but readily soluble in acids. 
Its atomic weight is 24, and its symbol Mg. The 
reader must not confuse magnesium (with the 
symbol Mg), and manganesium, or mangani^o, 
which has the symlml Mn. When magnesium 
is heated in air it bums with an exce^ingly 
brilliant light, and forms the oxide of magnesium 
MgO. This is usually known as magnesia ; 
and is a tasteless, insoluble, light* white powder 
of considerable use in medicine. It is not, 
however, usually prepared by the oxidation of 
magnesium, tut oy heating magnesium car- 
bonate, which salt is decomposed, |pving off 
carbonic acid in a manner exactly siniuar to the 
decomposition of calcium carbonate and the 
formation of quicklime. 

The light pi^uoed by the oxidation of mag- 
nesium is not only ex^mely brilliant, but is 
especially rich in those rays of light which are 
most markedly powerful in their chemical 
action on a photographic plate. Hence it is largely 
used for photography. 

£inc« Zinc has the 83 rmbol Zn, end its atomic 
weight is 65. It occurs in nature only in com- 
bination in the forms of oarbonat^ usual^ 
known as cakmine, and the sulphide* which is 
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of no particuUir importanoe; It is 

powdered, carefully purilM and lanted* lor 
application to the face. It is from the blende 


that metallic zinc is prepared. The blende is 
roasted in air, yielding zinc oxide and the oxide 
of sulphur, which is volatile, and escapes. Tlie 
oxide, which is a powder, is treated with charcoal, 
which takes the oxygen from it. The operation 
is conducted at a high temperature, at which 


the zinc is produced in gaseous form. It is 


never obtained pure by this process. Zinc does 
not tarnish readily in the air, and so may be 
used for coating sheets of iron, and thus pro- 
tecting them from the atmosphere. Iron thus 
treated is known as galvanised iron. The zinc is 


not affected even if the air be moist. When zinc 


is strongly heated, it readily bums and forms 
an oxide (ZnO). This oxide is of some use in 
medicine, being incorporated with lard as zinc 
ointment, which is soothing, and very feebly 
antiseptic. The chloride of zinc, having the 
formula Zndl.j, is obtained by evaporating a 
solution of zinc in hydrochloric acid ; it is a 
very powerful antiseptic, and is the basis of 
Burnett's Disinfecting Fluid. Zinc forms 
some important alloys. With copper it forms 
brass, which is made by melting the copper and 
adding zinc to it ; with tin it forms bronze, and 
with copper and nickel it becomes German 
silver.’* 


Boron. The next group of elements we 
have to consider consists of boron and 
aluminium, the latter of which is promising to 
become of great importance. Boron has the 
symbol B, and its atomic weight is about 11. 
It is not to be regarded as a metal. It was 
first isolated in 1808, the year following the 
discovery of sodium and potassium. It is not 
found in the elemental form in nature, but occurs 
chiefly as borax, already discussed under sodityn. 
Borax has a very feeble antiseptic property, 
but this is decidedly more marked in boric acid, 
or boracio acid, which is derived by*the union 
of water with the oxide of boron. This oxide has 
the formula Bu Boracic acid may be obtained 

by the action of a strong acid upon borax, but 
this method is not usually emplo^^ed, since the 
acid occurs in nature in certain springs in 
Tuscany. From the water of these springs it 
may be prepared by evaporation. The uses of 
the acid as a mild antiseptic are familiar. Boron 
also occurs in large quantities as the mineral 
called boraoite* vdiich is a compound or combina- 
tion of the borate of magnesium and the chloride 
of magnesium. It occurs in association with 
Kjrp^nm and with common salt in some parts of 
Gennany. It is of no practical importance, and 
Uie same may be said of all the oth^ compounds 
of boron. 


Alumlaiuiii. The next metal with which we 
have to deal — aluminium — is exoeedm^y ahun- 
dant, as we have already seen* and has latdy 
become of very great commercial and praotioal 
importance. It is a white metal* speoialfy 
oharaoterised by its extreme lightness. Its 
specific gravity — that is to say* its weight 
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I faie Sia«W^]-*4B on?y 2^. Se^kles thUi 
extmoe %litiieB0» whkm w often of much 
praolioal yahte, alomimum hue other aaeful 
physical properties. It is ductile, and can be 
£awn into wire ; it can also be readily oast, 
fto-n he rdlled into sheets. It melts at the 
compaarstively low temperature of 700° C. 
Aluminium tarnishes very slowly on exposure 
to air, but it forms alloys which are in this and 
some other respects more valuable than itself. 
Its alloy with copper, for inst^oe, known as 
aluminium-bronze, is scaroelv liable to tarnish 
at all. It is of a yellowish colour. 

Though so abundant, being a constituent of 
most rocks, and the characteristic element of 
clay, aluminium, until very recent times, has 
been very expensive to obtain in a pure state. 
It has had to be extracted from clay by a series 
of very difficult operations. At the present time, 
however, aluminium is prepared by an electrical 
method which has enormously reduced its 
cost. The principle is that of electrol 3 r 8 i 8 , con- 
sisting essentially in the passage of ^ electrical 
current through solutions containing the re- 
quired product. The method in present use is 
now nearly 20 years old. The material employed 
for electrolytic production is a mixture of 
cryolite— the double fluoride of aluminium and 
sodium, with alumina — the oxide of aluminium. 

The widest practical use of this metal at the 
present time is in the purification of iron and 
gtacl — a use which is duo to the fact that the 
metal at high temperatures is able to decompose 
the oxides of nearly all other metals. It makes 
excellent cooking utensils, which do not break 
or chip or rust, are exceedingly light, and make 
no poisonous contribution to the food cooked in 
them. It is also largely coming into in the 
place of copper as a conductor of electricity. 

The compound alumina, which has already 
l>eei^ mentioned, may be prepared as a white 
powder, which is characterised by its great 
affinity for qplouring matters, and is thus lar^ly 
used in dyeing and colour manufacture. The 
substance formed by the union of the colouring 
matter and the alumina is usually known as a 
lake. In its crystalline form alumina is second 
only to the diamond in the scale of hardness. [See 
Physics.] Tinted by various impurities, it forms 
some of the mewt beautiful of precious stones, 
such as the ruby, the sapphire, and the amethyst, 

A New Group. Our next group consists of 
one exceedingly im^rtant element, iron, and 
four of less importance, chromium^ manganeae^ 
cobaU^ and nieM. The sources of these metals 
are as follows. Chromium occurs mainly as 
chrome-iron ore, which is a double oxide of iron 
and chromium ; manganese occurs in the form 
of its oxide, which has the formula MnO.^, nickel 
occurs in New Caledonia in the form of a silicate 
of nickfd and magnesium, and both nickel and 
cobalt are found in nature in combination with 


arsenic. 

Theae metals can be obtained in the pure 
melalllo state by means ol carbon, which turns 
them out of thm oxides. We may first of afl 
dispose d the four unimportant members of this 
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mup before going on to deal with iron, which 
aemands lengthy consideratian. 

Chromium. Enough has already lieen said 
about the source and preparation of this metal ; 
it is extremely hard, and of a grey-green colour. 

It combines with oxygen in various proportions, 
the most important compound of the two ele- 
ments being chromic oxide, which has tho« 
formula CrM^. This is sold as a pigment under 
the name of emerald green, an accurate name, 
since the colour of the emerald is due to small 
quantities of chromium. There is also a double 
sulphate of chromium and potassium, which is 
known as chrome alum. The name is a bad one, 
since it contains no aluminium. The salt forms 
purple crystals, which are much employed in 
dyeing, calico printing, etc. 

M anganeae. Manganese, which must never 
be confused with magnesium, occurs in nature in 
several combinations Ix^sidos the black oxide 
(MnO.^) already mentioned. Prepared ns stated 
above, it is a very hard, brittle, whitish metal, 
which cannot be preserved in air, since it rapidly 
decomposes the water contained in air, becoming 
itself oxidised and giving off hydrogen. 

Naturally enough, metallic raangan(«e has no 
commercial uses, but its oxidtm are used in gltws- 
making ; and its alloys with iron, with which 
it frequently occurs in nature, arc very valuable, 
os such iron yields very superior steel. 

A very useful compound of manganese is the 
salt known as permanganate of j)otaH8ium, 
which has the formula K.Mn 04 . It occurs in 
the form of small purple crystals. When theses 
are dissolved they form a deeply coloured 
solution, with a very unnleasant taste, which is 
familiar to everyone under the name, of C'ondy s 
Fluid. This compound contains an excess of 
oxygen, which, in the presence of waU?r, it is 
very ready to give up to organic boclics. In 
consequence of the decomposition which then 
occurs, the solution loses iu purple colour and 
becomes a dirty brov^m, due to the formation of 
the black oxide of manganese. This change 
in colour has the advantage that it enables one 
to sec whether or not solutions of the salt have 
undergone decomposition. The solutions of this 
salt have been largely praised os antiseptics, 
and are still very generally believed in, but its 
virtues have h^n very much exaggerated. 
It should be looked upon rather as a deodoriser 
than as a true antiseptic. It has only very 
slight action against microbes, but it helps to 
complete the oxidation of the products of their 
action, and thus removes foul smells. l)n- 
fortunately it readfly stains linen, cotton, and 
the like, but the stain may bo removed by applv- 
ina sulphurous acid and then immediately 
^^hing out the fabric in water. The oxidming 
properties of this salt have been found to 
render it very useful as on antidote in morphia 
poisoning. It oxidises any morphia that 
may remain in the stomach, whether taken as 
such or in the form of opium, and thus pre- 
vents it from acting. 

Cobalt. This is a reddish-white metal, 
found, as stated, in combination with arsenic. 
toid also as cobaU glance^ which is a compound of 
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oobftlt, araeiuo and soda. Compoimda of cobalt, 
having a blue colour, are uaed aa pigmenta, and 
alao lor giving a blue colour to glaas and porcelain* 

NicKel. Nickel is a metal of somewhat more 
importance than the others, chiefly in virtue of its 
use in strengthening steel. Nickel steel — that is 
to say, steel containing a small percentage of 
nickel — is so much harder than ordinary steel 
that it is said to offer about 20 per cent, better 

f irotoction as armour, plate for ships than the 
»est ordinary steel. Nickel is also used in the 
form of an alloy with copper for the manufacture 
of coins. The subject of nickel-plating is treated 
elsewhere. The mo tai closely resembles the 
others of this group. It is of a silvery white 
colour, very hard, though malleable, and melts 
at a very high temperature. 

Iron. Iron is. of course, by far the most 
important and useful of all the metals, having an 
extraordinary variety of uses, and being im- 
portant in manufacture, in the arts, and in 
roe<licine. Very small quantities of the metal 
are found in the pure state on the earth, and these 
only in rooks of volcanic origin. Iron, however, 
appears to occur extensively in its uncombined 
form in the heavens, and uncombined or metallic 
iron is found in quite considerable ^antitios 
in meieoriU«. [See Astronomy ] The most 
valuable ores of iron are various oxides and the 
carbonate, these feeing the compounds of com- 
mercial importance. The magnetic oxide of 
iron, somet imes called magriHite^ has the formula 
Fe-iO^. Another oxide (FcjjO.j) is known 
os hcemnlite, and this occurs in several forms. 
The carbonate, no h«8 important, occurs in 
what is called »pcUhic iron ore^ clay ironstone, 
or clay band, in which it is mixed with clay ; 
and as black fnind, in which it is mixed with 
coal. I^arge quantities of these ores occur in 
this country. Other compounds also have a 
wide distribution. Iron pyrites, for instance, 
which has the formula Fel^.^., is used les^ os a 
source of iron tlian as a source of sulphur. 
Various silicates of iron occur in many rocks 
and minerals. 

The Extraction of Iron. In order to 
extract iron from its ores, the first thing to do is 
to perform the process of calcination, which 
consists of roasting the ore so as to break it up, 
to expel water and any gases it may contain, 
and also to bum off the sulphur which may be 
present. The ores are then ready for treatment 
in the blast furnace, where they ore heated with 
ooal and lime, the first being simply a convenient 
form of carbon used in order to remove the 
oxygen from the ore, and the lime being used as a 
flux, which forms with the sand in the ore 
a fusible glass called slag. This floats on the 
molten iron, and has to be removed at intervals. 

The blast-furnaoe is a hoUow tower, which 
may be as much as 100 ft. high, and which 
contracts towards its lower part, having at 
its very bottom the crucible where the actual 
operation occurs. Above the crucible are tubes 
through ^ioh there passes an incessant blast 
of hot air ; this blast makes the combustion 
much more rapid, and therefore produces a 
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much higher temperature. The exact sequence 
and natm ol the chemical changes in the blast- 
furnace are not precisely known, but 
happens is essentially this. The coal is oxidised 
to form carbonic oxide (CO), and this, which 
requires more oxygen, t^es it from the oxide 
of iron ; there is thus formed carbonic acid 
(CO 2 ), which escapes from the mouth of the 
furnace. Meanwhile the molten iron sinks 
in the furnace, while fresh layers of coal, lime, 
and ore have to be added from above. The 
resultant product is by no means a pure iron. 

In the first place it contains a certain percentage 
of carbon derived from the coal, and in the 
second place a good deal of silicon derived 
from the earth and sand with which the ore 
is mixed up. This substance is known as cosf 
tVon, or sometimes as pig-iron ; the bars which 
are formed by running off the molten iron 
from the crucibles being known as pigs. This 
iron contains, besides carbon and silicon, a 
certain amount of sulphur, phosphorus and 
manganese, though none of these are nearly so 
abundant as the carbon. There are three kinds 
of pig-iron, the differences between them 
depending upon the state of the carbon in them. 
If the iron cools very rapidly into the moulds 
into which it is run, the carbon remains com- 
bined with the iron, which is then white, and is 
called white pig ; but if the cooling occurs 
slowly the carbon separates out in the form 
of black crystals of graphiU? [see (/ARBOn, 
page 1046], and the iron is then called grey pig ; 
whilst intermediate between grey pig and white 
pig is mottled pig. 

Wrought Iron. Now,thiskindof iron is very 
brittle. It cannot be forged or welded ; the only 
use to which it can be applied is castings. When 
the pigs are remelted in small furnaces they may 
Ih? employed for this purpose, which is facilitated 
by the fact that cast iron expands slightly 
as it solidifies. Now, what we want for purposes 
of forging and welding is a substance that 
shall have the strength of cant ii;pn without 
its brittleness, and that substance, of course, 
is wrought iron. Tlie difference between cast 
iron and wrought iron depends upon the fact 
that in the latter the impurities have been burnt 
out. This is done by melting the iron and ex- 
posing it in the molten state to blasts of hot air, 
which remove most of the carbon and silicon in 
the form of their oxides. This is the process 
known'as puddling ^ the name being derived from 
the necessity of stirring the mass to a pasty 
consistence. The lumps of iron which are sub- 
jected to the puddling process are called blooms. 
W^rought iron is the purest form of iron that 
is found in commerce. It can be forged and 
welded, and even drawn into wire. It has a 
specific gravity of 7*6 — somewhat greater than 
that of oast iron, which is less than 7*5 — 
and has a rather higher melting point than cast 
iron, which melts at about 1,^6° C. Before it 
melts, wrought iron becomes pasty, and can thus 
be welded at white heat. It contains usually 
less than one>half per cent, of carbon as com- 
pared with the 3 to 5 per cent. Mdiich occurs in 
cast uon. 



The Beeeemer Froceee. Wroi^htiron 
may be mmiulaotared in a more satisfactory 
way than by puddling, and this is known as 
the Bessemer process, in which a current of 
air is blown thk>agh fused pig>iron in a pe^- 
shaped vessel, itself made of iron and lined with 
firebricks. This leads us on to the important 
subject of steel. Steel contains less carbon 
than cast iron, but rather more than wrought 
iron, the percentage of carbon being from 1 to 
15; it melts at 1,800^ C., and has a specific 
gravity of 7*6 to 8. It used only to be made 
by the cemtnJUUion process, which consisted 
in placing bars of wrought iron in boxes, sur- 
rounding them with powdered charcoal, and 
then heating them for days at a time. Nowadays 
the manufacture of steel is accomplished by 
adding another stage to the Bessemer process 
already described. This is done by adding to the 
wrought iron a certain amount of cast iron — 
the percentage of carbon in which is known — 
while it lies in the Bessemer converter where it 
has been made. This process is named after Sir 
Henry Bessemer, who introduced it in 1856. 
The converters are now lined with a substance 
called ganister, which is a compound of silicon, 
and whilst the liquid metal lies in them, air is 
blown into it by engines from below. The 
ordinary dose of metal for a converter may be as 
much as 10 tons, and this may all be converted in 
half an hour. No wonder that more than 30 times 
as much steel is now turned out as before 1856, 
and at only about one-fifth of the former cost. 

Basic Steel. To manufacture stoel from 

E ig-iron that contains phosphorus there has 
een introduced a method which is a simple 
modification of the Bi’ssemer process. Instead 
of having a silicious lining Like the ordinary 
Bessemer converter, the basic Bessemer con- 
verter has a lining of magnesium limestone and 
tar. , This will withstand almost any tem- 
perature that successfully effects the remov'al 
of the phosphorus. 

It is still Tiomewhat uncertain how we are to 
describe steel from the purely chemical point of 
view. The difference oetweon steel and pig- 
iron, or cast iron, is certainly very much more 
than a mere difference in the proportion of 
carbon that each contains. The carbon in cast 
iron is not really combined with the iron. The 
carbon in steel is either combined with the iron 
or dissolved in it, and it is this that doubtless 
constitutes the essential difference. The objec- 
tion to the presence of phosphorus in steel in 
quantities greater than 1 per cent, is that such 
steel is brittle, or cold-short. A still smaller per- 
centage of sulphur also makes the steel brittle, 
and such steel is called red-short. The same 
applies to the presence of silicon and other 
impurities. Steels containing a considerable per- 
oenta^ of carbon — ^anytbing above J per cent. — 
may be rendered so bard by heating to redness 
and sudden cooling that they will scratch glass. 
But very haitl steel is also very brittle, and in 
order to remove the brittleness such steel must 
be annealed or softened by a second process of 
heating and cooling. Mild steel is now employed 
for all purposes for which wrought iron was 
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formerly employ. A steel rail will last about 
eleven times as long a an iron one. 

The Bessemer process, though it has revo- 
lutionised the whole subject of steel, is never- 
theless open to certain criticism. It d(H?s n.>t 
produce the pur<*st form of in ordt^r to 

obtain w’hich we must go back to the cementa- 
tion process already described, using the pun>8t 
Swedish iron. 

Iron Chemically Considered. We 

must now proceed to consider iron from the 
chemical point of view. The In’^st way in which 
to obtain alwolutely pure iron is by the action of 
hydrogen gas upon one of the oxidt« of iron, 
which the hydn)gtm reduces. To reduce a body 
is to take oxygen from it, hence a reducing agent 
itself undergoes oxidation whilst effecting the 
reduction of something ehw*. But this pure iron 
is very unstable, for in the presence of moisture 
and air it rusts very rapidly, forming various 
compounds, such ns the oxide. For practical 
purposes, therefore, the surface of the iron 
requires to be treated with something which will 
withstand the action of the air. Such a sub- 
stance is zinc, or, rather, an alloy of zinc and iron. 
When thoroughly clean, wrought iron is dipped 
into a hath of melU^d zinc, which is deposited 
upon it. This galvanised iron, os it ia called for 
some mysterious reason, is in wide use in virtue 
of its rt^sistance to all atmospheric action. 
Similarly, the iron may Ih^ coatc^d with tin, 
iclding the product of w'hich we have lately 
card a good deal. caUe<l tin plate. 

Iron has very marked magnc'tic qualities. The 
lodestone, for instance, formerly ustd as a com- 
pass by sailors — lod(.‘«tone seems to mtiin 
“ leading stone ” — is an oxide of iron, and has the 
formula Fo.\ 04 . It is now usually known as mag- 
netite, or the magnetic oxide. Other forms of iron 
07^ also capar^ ; of easy magnet isation — that is to 
say, they restK)nd to the attraction of raagneds, 
and can themselves lie converted into magnets, 
•tlteel has similar profKirties, with greater power 
of maintaining the magnetic (juality. 

The other important oxides of iron are ferrous 
oxide, which has the formula FeO, and ferric 
oxide, which has the formula Fe^jO-j. 

Difference between **oue*’ and **lc.** 
Here we may explain, once and for all, 
the use of these two terminations “ic” and 
“ous.” When the Romans wanted to express 
fulness, they made an adjective terminating with 
the syllable osus, os for instance, amorosus. In 
English, we contract this to ous, and this termi- 
nation of English words always has the same 
meaning as the Latin termination osus. For 
instance, there is our word amorous. Similarly, 
in chemistry, whenever the salt of a base con- 
tains more of that base than another salt, we 
describe the first by the termination ous, and 
the second by the termination ic. Hence, a 
ferrous salt, or a mercurous, or a stannous, tells us 
by its name that it contains more iron or mercury 
or tin than a ferric salt, a mercuric or a stannic. 

Other ways of expressing the proportion of the 
base in a salt must be noted. They consist in 
attaching the prefixes per and sub to the second 
half of the name of the salt. For instance, the 
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•alt Fady* which oontaina more inm propor- 
tioimtelj than the salt FeCl,, Ja uanally called 
lerrona chloride, whilat the secood la called 
ferric chloride. But the aalt may be looked at 
in anotiber way. We may aay that the amoont 
of chloride in the tirat salt ia wb, which meaoa 
ander; whilst the amount of chloride in the 
second salt is per, which means through, or 
thorough, as in tne word nerieot. Hence, another 
name for ferrous ohlorm is aubohloride of iron, 
whilst another name for ferric chloride is per- 
chloride of iron, and we mav speak when we 
pleaae of the sub salta ** ana the ** per salts,** 
to distinguish the two series. Let us now make 
a little table giving instances of the use of these 
terms! 


Ferric chloride, or 
Perchloride of iron, 
or FeCl..,. 

Mercuric chloride, or 
Perchloride of mer- 
cury, or HgCl-,. 


Ferrous chloride, or 
Subchloride of iron, 
or FeCl^. 

Mercurous chloride, or 
Sul)ohloride of mer- 
cury, or HgCl 


Iron in the World of Life, We cannot 
leave our consideration of this metal without 
referring to its r6le in living matter. Iron 
is founa in all the higher plants and animab ; 
indeed, it is possible that it may occur in every 
living thing. It is thus an essential ingredient 
of the food of animals and of plants. In all the 
higher animals and plants — the term higher 
must here bo taken as meaning all but the very 
lowest — iron gives rise to very characteristic 
substances which have a distinctive colour. Iron 
is indcHHl responsible for the colour of life in both 
the animal and the vegetable world. The 
characteristic colouring matter of the animal is 
the rod of its blood. This red is* due to an 
oxcet^dingly complicated sulw lance — believed by 
most chemists to have the most complicated 
molecule that is known — which is caLlea hcnno- 
glMn. In every molecule of this substance 
there is always one atom of iron. The process of 
breathing depends essentially upon the presence 
of this substance, which has the power of taking 
up oxygen from the air in the lungs, and then 
carrying it by means of the circulation to the 
tissues which need it. 

The colour of life in the plant is the ure^ of its 
leaves. This green substance, which is found 
occurring in minute granules situated at the 
circumference of the cells of the leaf [see 
Boiany], is known as chlorophyll, and iron is 
an essential constituent of it. If a plant be 
nourished in such a fashion that no iron can gain 
access to it, it will come up blanched, containing 
no chlorophyll whatever, wiU very soon die, ana 
will be unal^ to propagate itself. The aerrioe 
which the iron penorms for the plant ia exactly 
the converse of that which it pmeurms to the 
animal, to whilst it enables the animal to help 
itself to oxygen from the air — oxygen which ia 
tlien combined with carbon, amf given back to 
the air in the tom of carbonic acid, CO, — ^it 
enables the plant to deoompm the CO^ in the 
air, taking the carbon into itself, as the moat 
preoiooa mmedient of its food, leaving the 
oxygen behmd. Ultiinately^ tiaanea of the 
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plant serve as food to the aahnal, wtdoh 
oxidisaa them by means of the oxgyen obtained 
in Uie manner we have described. So the round 
oontinnea, and the reader will see that iron riioa 
pla 3 rB an all important and douUe part in that 
inoessant and complementary series of cheipieal 
changes in the animal wad vegetable worid 
which has been called the cycle of life. 

Carbon the Most Inaportant Element. 
- The next element which we have to consider 
is known as carbon. It is the most important of 
all the elements, and needs very detailed con- 
sideration. In the first place we most note that 
the chemistry of carbon has twro distinct aspects, 
only one of which we can deal with at present. 
Reference has already been made to the fact that 
what used to be oallM organic chemistry is now 
knowrn as the chemistry of the carbon com- 
pounds, and to that we must return later. Here 
we shall have quite enough to do to consider 
carbon in its behaviour uncombined, or forming 
the simplest compounds with oxygen. 

Unlike the elements which we have lately been 
considering, carbon is not a metal. It may be 
obtained from compounds, such as the oxide, by 
means of hydrogen or potassium at a red heat, 
since these elements will reduce the oxide and 
leave free carbon behind. Perhaps the purest 
carbon, however, is prepared by heating sugar, 
which is a compound of carbon, hydrogen and 
oxygen. If sugar be heated to redness in a 
closed crucible, it is charred — that is to say, the 
other elements are driven oflP, and carbon alone 
remains. 

But carbon occurs in nature in the uncombined 
state, or, rather, in several states. The diamond 
is a form of carbon, so is charcoal, and so is 
graphite (from the Greek grapho, I write), which 
is the so-called lead of lead -pencils. Now, this 
fact — that carbon may exist in such widely 
different forms — is an illustration of a generd 
property which many substances possess,* and 
'which we cannot do better than digress to 
discuss here. * 

Allotropy. Allotropy is the name applied 
to this property. It is sometimes also called 
physical isomerism. Chemically, the substance 
in question is the same in each case. Physi- 
cally, it differs profoundly ; sometimes it k 
oiystalline, as in the case of the diamond; 
sometimes it forms crystals of an entirely 
different kind, such as graphite ; and sometimes 
it is not crystalline at an, like charcoal. Hie 
technical name for a substance which is not 
crystalline is amorphous, literally meaning 
shapeleaa. Other elements have tlik property 
of allotropy besides carbon, instances being 
pboaphoros and sulphur ; and numerous oom- 
poonds have the same property, such as silica, 
the oxide of aalioon, wfaioh occurs in the amor- 
phous state, and also in orystalline forms, such 
as tile agate and quarts. Hie explanatto of 
aOotax^y is hard to disoover ; perhaps the most 
obvious fact connected with it is that the 
ohaage of phyiaoal state usually depends upon a 
change m iemperatuie. Let ua now return to 
the various altoropio toms of carbon. 

Oomiinusd 
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SicnoK I. GRAMMAR 

Prequmtatlve Verba. These expiess 
repeated or intenser action, and are formed 
either (1) in -<o, -so, from supine stems — e.g.^ 
irado — 1 handle (from traho^ traxi, tmcium — 
I draw) ; cvrso = I run about (from cwrro, 
cufum, citrsttm = I run) ; or (2) by adding 
-%to to the last consonant of the present stem — 
f.j/., rogiU) — I ask often. All Frequontatives 
are first conjugation. 

Inceptive Verba. These express l^egin- 
ning of action, and are formed by adding -sco to 
the present stem of veibs, or from nouns by 
adding -osco or -csco — c.g., juvenesco — I begin 
to grow young ; ignejicn - I burst into fiame. 
All these are third conjugation. 

Deaiderative Verba. These express 
desire, and are formed by adding -t/no to the 
supine stem—r.g,, esurio = I am hungry (from 
ed<K esum - I eat). All those are fourth 
conjugation. 

QuaaUPaaaive Verba. These are the 
exact opposite of Deponents. Deponents are 
passive in form and active in meaning ; Qua'ii- 
Passives arc active in form and passive in 
meaning — e.g., fio ~1 am made ; exulo ~ I am 
banished ; liceo - I am put to auction ; vajmh 
= I am beaten ; veneo (compound of co = I 
go) - 1 am on sale (used as the passive of 
fjcndo —1 sell). 

Defective Verba. These lack some of 
a verb's usual parts : 

1. Odi (I hate), numini (I remember), ccepi (I 

begin), are j>erfects, without any present-stem 
tenses. Notfi (I know), from nosc/t, is similarly 
used. Thus : “ To hate ” = odisse ; “ I re- 

membered *’ = memineram (pluperfect). 

MenUni has Imperative memenlo, rntmtunlUAt. 

Ctfjti and odi have perfect and future parti- 
ciples — copptus and cn^'j^urus, ostis and osurus. 

2. Many verbs have perfect without supine, 
and some have neither perfect nor supine — 
e.g., most of the Inceptive votIjs. 

S. Inqnam (1 say) has the following parts : 


L 

2. 

3. 

Present : inquarn 

inqnis 

inquit 

inquimus 

inquitis 

inquiont 

Imperfect: — 

— 

inquiabat 

— 

— 

inquisbant 

Fntmre : — 

mquiea 

inquiet 

Ferfect : — 

inquisti 

iaqait 

Imperative : — 

inqne 

— 

— 

inquite 

— 


Aio (I sav ay, I affirm) has : 

1. 2. 

3. 

Present : 

aio ais 

ait 

Imperfect : 

aiobam 

(complete) 

aiunt 

Pres. subj. : 

aias 

aiat 

aiant 


Fori (to speak) — deponent — has : Fatur (he 
speaks) ; fahor (I shall speak) ; fare (speak 
thou) ; /art, jatm, fandus. 


Imperaonal Verba. Tliese are con- 
jugated only in the third person singular of the 
finite verb, and in the infinitive. They can be 
in any tense. 

1. The following srt^ used with the accusa- 
tive ; Oportfi (it l)ehoves), dreei (it l>eseoms), 
dedecet (it misl>e8cems), jnget (it irks), jmdet (it 
shames), poenitei (it re^wnts), taedet (it weari<^), 
miseret (it moves pity) — all second conjugation ; 
also, delerial (it charms), and jutxii (it delights) — 
first eonjugation. 

2. The following are used with the dative : 
Lihet (it pleases), Uret (it is lawful), liquet (it is 
clear) — second conjugation ; also, accidit, con' 
tingit (third), evenit, exmvenit^ erpedit (fourth). 

Examples : Oportei fne ire ~ I must go. 
Licuit tihi ridere You were allowed to laugh. 

3. Pxidet, piget, taedet, poenitei, wMcrrf, are 
used with an arc, of the person feeling, and 
a genitive of what causes the feeling: Tardet 
me vitae = I am weary of life. Tut me miserei ; 
met viget ~ 1 pity you ; I am vexed with 
myself. 

4. Interest and refert (it concerns, or it is 
important for) take the genitive of the peison 
concerned — e.g., Caesaris interest pantem facere 
— it is Cflesar’s interest to build a bridge. [This 
construction is rare with re/ert : say, aa Ccenarem 
refert.] But pfts«estiive pronouns are used in the 
ablative feminine — e.g.. Quid meCi refert = What 
does it signify to me ? MagU nuUius interest 
quam twi = It concerns no one more than 
yourself*. 

Irregular Verbs : First C^njufa* 
tioii. The following arc the most important 
exceptions : 

Perfect — ui. Supine — Uum. 
crepo crepare crepui orepitum creak 

♦ The m«l and the tud probably agree with 
re undeorstood. MeTi re feri was originally meae 
rei fert, nod then rei being shortened to 
meae became mea. If this is so, mea interest is 
probably an imitation. 
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SimilMljr, ou&o (lu down), domo {tame), plieo 
HM), mmo ieound), tono {thunder), veto {forbid). 
Perfect — ui. Supine— ficfn. 


seoo 

seoare 

secui 

sectom 

etd 


Perfect reduplicated. 

Supine — turn. 

do 

dare 

dedi 

datum 

give 

sto 

stare 

steti 

statum 

stand 


Perfect — vi. Supine — turn. 

help 

juvo 

juvaro 

juvi 

iutum 

lavo 

lavare 

lavi 

lotum 

wash 




or lavatum 


Not*. C'ompounda of do are of third con- 
jugation, and make -did*, -ditum (except eir- 
cumdo, 'MBitamdo, and venutndo, which make 
•dedi, •datum). Compounds of eto form -aiiti, 
•atitum. 

Section II. COMPOSITION 
The Oratio Obllqua. ThiH construction, 
known also as Oblique Narration, or the 
Accusative and Infinitive (.Construction, is one of 
the most characteristic idioms of Latin. It is 
OMpecially used where English has a clause 
beginning with that after (1) verbs of aaying, 
kmntfing, thinking, htliemng, feeling ; (2) im- 
personal expressions, as ** It is clear, true,*' etc. 

/lute 1. The subject is put in the ncc. case, 
and all principal verbs are changed from indica- 
tive to infinitive, retaining their original tenses — 
f.g., He says that the moon is smaller than the 
sun ~ dirit h/nam eaae minorem sole (literally. 
He sajT» the moon to bo smaller). I know that 
I shall die - aria me moriturum eaae. 

[Instead of dico . . . non, I^tin uses nego 
— 1 deny — e.g.. He said he did not Udieve 
~ negaxnt ae credere.'] 

Rule 2. All verbs, other than principal verbs 
't.e., verl>8 diR>ctly making a statement), are 
put in the subjiinctive. Tliere cannot l>e an 
indicative in Oratio Obliqua. This is verj' 
imjMirtant. 

Examples ; “ The slaves whom 1 now have 
hert» art^ most faithful ” is in Oratio Recta 
(Direct Narration), and would be in Latin. 
“ Kervi quos nunc hie W>fo sunt fidelissimi."' 
Turn this into “ rejK>rted speech,’' or Oratio 
Obliqua, and wo have He said that the slaves 
whom he then had there were most faithful ” ~ 
dixit servos quos turn ibi haberet esse fidelissi- 
mos. [Note the change of “now ” into “ then,” 
“ here “ into “ there, “ I ’’ into “ he.” “ have ’’ 
into “ had.” and “ are ’’ into “ were “ ; but 
we still use “ esse ’’ for “ were,” liecause “ esse ’’ 
is both present and imperfect infinitive, an^ 
“ fuiss© ’’ would mean *‘had lwen.“] Again, 
“ It is clear thaL because the citizens are 
cowards, the city will be taken ” = manifestum 
eat quod cives ignavi aint, urbem captum iri. 

Huh 3. Imperatives in Oratio Recta become 
imperfect subjunctive in Oratio Obliqua — e.g.. 
Recta : “ Charge, my men,” said the general = 
Instate, milites, inquit impereUor. CHdiqua : 
“ The ^eral said to his soldiers, * Let ^em 
charge/ “ = imparator militibus dixit, Inatarent. 

Rule 4. (^osUons in the first and third persons 
are rendered in Oratio Obliqua by the aocusative 
of the person and the infinitive of the verb ; 
but questions of the ssoond person become 
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imperfect or pluperfect subjunctive — e.g., (They 
said) Why is our general absent ? = cur abeaae 
impera*orem t (He said) Why are you ad- 
vancing ? = cur progrederentur f 

Ride 5. Ego, tu, noe, voe, cannot find a place 
in Oratio Obliqua ; me and noa become se, 
tu becomes iUe, and voa becomes illi. 

Se and auua refer, as a rule, to the speaker— 
e.g.. He says that he will come = dicit ae cea- 
turum esse. 

He said, “ Let them not foxget his kindnesses ’’ 
= ne suorum heneficiorum obliviacerentur. 

If, however, auua is wanted to refer to the 
subject of some subordinate verb {e.g., oblivia- 
cerentur, above), then ipae is used to refer to 
the speaker — e.g.. Let them not forget their 
own cowardice or his kindnesses = ne suae 
ignaviae aut ipaiua heneficiorum obliviacerentur. 

Note. The translation of the English con- 
junction that needs great care. When it means 
“ in order that,’’ “ so that ” (as “ He walked 
fas*: that he might warm himself ’’), it should 
be translatcvl by ut with subjunctive. When 
it means “ the fact that,’’ after any verb or 
phrase sentiendi vel dedarandi (“ of feeling or 
stating “) the accusative with the infinitive 
must be used. In English we can say, “ You 
were ill, he thought, and therefore absent.” 
But in Latin we must say, “ He thought that you 
were ill, etc.” {Putaint te aegrotare). 

To BE Turned into Latin Prose. 

The inhabitants of this island were so bold 
that they would have preferred a thousand 
deaths [say, “ to die six himdrod times ”) to 
disgrace, if the choice had been necessary. 
One brave farmer was asked why he would sooner 
die nobly on the field of battle than live ignobly 
at home. He answered, ” Because I am more 
afraid of shame than of death.” It happened 
once that they w'cre invaded by the powerful 
nation of the Ventidii, w^ho landed on their 
shores, marched up to their capital, devastated 
the country all round, and then laid sisge to the 
city. The citizens determined to resist with 
boldness. Instead of throwing themselves at 
their enemies’ feet, they sent away their families, 
their old men, and their treasures, and prepared 
to resist with desperation. Though they were 
prevented by scruples from committing suicide, 
they promise one another to fight so desperately 
that the enemy should not take them alive. 
When they were all assembled in arms, their 
general addressed them thus : “ Remember, 

citizens, that victory or death awaits you. 

I will say no more ; the enemy is at the gates. 
What reason is there for delaying ? ” 

Latin Version of the ^ove Extract. 

[Latin prose composition can be learned only 
by long and constant practice. The student is 
advisea to translate the following Latin version 
literally 'into English, and then compare his 
English version with the English version as 
given above. This will give him a good idea 
of the difference between the English and the 
Latin ways of expressing ideas. Accuracy and 
clearness are the first essentials, and then the 
style should be polished by constant comparison 



with the the beet Latin authors, suoh as 

Livy and Cioero. Hints on style will be given 
from time to time during the remainder of this 
course.] 

Qui in hao insula habitabant ii omnes quum 
essent summa audacia pnediti, sescentiens 
mortem quam semel, si optandum fuisset 
{gerundive = “ if it had to be chosen, if choice 
had to be made infamiam obire maluisaent. 
£ quibuB agricoia quidam, vir fortissimus, 
rogatus cur potius vellet militiie per virtu tern 
emori quam per dedecus domi vivere, respondit 
se ignominiam magis quam mortem limere. 
Quibus ita accidit ut Ventidii, qu» gens erat 
potentissima, in eorum fint38 navi bus ingresst. 
agris undique vastatis, urbem quam maximam 
habebant obsiderent. Sed quum civibus visum 
esset sibi quam aoerrime hostibus obstandum 
(gerundive), tantum aberat ut se iis ad pedt*8 
dejicerent ut, pecuniis et liberis et senibus 
dimissis; sese ad resistendum accingerent ut 
(as) qui de suis rebus desperarent. Religione 
quidem obstricti quominus sibi mortem eon* 
sciscerent, alii tamen aliis pollioebantur sose 
acrius pugnaturos quam qui ab hostibus vivi 
caperentur. Quos quum armatos imporator 
convocasset (shortened form of contHtcatn^set), 
jussit meminisse aut victoriam aut mortem 
obeundam : se non plura dicturura ; hostes 
illis ad portas adesse : quid causa? (partitive 
genitive, literally “ what of reason ”) e8s<* cur 
jam morarentur ? 

Section III. TRANSLATION 

Pkboration of Oioebo’s Second Philippic 
Speech. 

Respice, quaaso, aliquando remjJii; liCani, 
M. Antoni : quibus ortus sis, non quibuscum 
vivas considera : raecum, ut voles : redi cum 
republica in gratiam. Sed de te tu vidcris : 
ego de me ipso profitehor. Defend! rem- 
publicam adolescens, non deseram senex : con- 
tempsi Catilinse gladios, non pertimoscam tuos. 
Quin etiam,corpU8 libenter obtulerim, si reprao* 
sentari morte mea libertas civitatis potest : 


ut aliouando dolor pcmnli Romani pariat, quod 
jam diu parturit. Etenim si abhinc annos 
prope viginti hoc ipso in templo negavi posse 
mortem immaturam esse consulari, quanto vorius 
nunc negabo seni ? Mihi vero, paires conscript i. 
jam ctiam optanda mors est, /jcr/uficlo* reiuis 
iis quas adeptus sum quasque gcHisi. Duo 
modo hspc opto ; unum ut inoriens populura 
Romanum lil>erum ndinquam — hoc mihi majus 
ab dis immortalibus dari nihil potest— alterum, 
ut ita cuique eveniat ut <le rcq)ublica quisque 
mereatur. 

* “ Perfuncto is dat. of the perf. ptc., 
agmung with “ mihi : it governs an abl„ 
Ijeing compound of “ fungor.” ^ 

Enolish Vkksion of Above. 

Rtdhink yourself of the State, I Ixweeoh you, 
even now, Marcus Antonins : think of tnose 
from whom you have sprung, not of those with 
whom you now associate : deal with me os you 
like, but make up your quarrel with the State. 
About your own course, however, you yourself 
will decide ; I will optuily proh'ss my own. 
I defended the State in iny youth, 1 will not 
abandon it in mv age : 1 scorned the swords 
of ratiline, 1 wilf not fear yours. Nay, rather, 
I would gladly ofTer my body, if by my death 
the fr(H‘dom of the StaU' can be immediatt'ly 
reoovereti, so that at lost the pangs of the 
Roman people may give birth to that with which 
they have so long lKH*n in travail. If, nearly 
twenty years ago, I said in this very 
temple that death could not l>o untimely for 
one who had tillt?d the consulship, how much 
more truly shall I say this now of an old man ! 
For me indeed, Senators, death is even to Is* 
desired, now that 1 have completed the course 
of honour and of achievement. 

I have only two wishes. One is that at ray 
death I may leave the Roman pts)ple free — 
and no greater gift than this could be granted 
me hy Heaven ! The either is that as each 
man has deserved of the State, such may lie 
that man’s reward. 


Continued 


ENGLISH 


THE VERB — continued 
Strong and WoaK Conjugationa. 

English verbs are divided into strong and 
wtak^ according to the manner in which they 
form their Past Indefinite tense. 

1. V’erhs that form this tense by modifying 
the vowel of the present tense (without adding 
any suffix) are said to belong to the strong 
conjngition — as: shinty shone. The past parti- 
ciple of all strong verbs originally ended in -en, 
and this ending still remains in many of them 
(sometimes in the form of -») — as : hreak, hroke^ 
broken. The past tense of strong verbs arises 
from oontracUon of the original reduplicated 
form ; for this tease was at first formed by 
reduplication — f.e., by repeating the root of the 
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verb (r/. in Latin, fallo, felHli, where the re- 
duplication modifiers the root vowel from a to 
e). With a few exceptions, all strbng verlw are 
of one syllable only. The extrefdions are really 
eompfiunds of simple verlis, as {(frgett beget, 
avxike, abide, etc. 

2. Verbs that form their past indefinite by 
adding the suffix -ed, -d, or -f to the present 
tense are said to l>elong to the weak conjugation — 
os ; treat, treated ; feel, felt. When the present 
tense ends in s, d only is added — as, love, kroed. 
The vowel y preceded by a consonant becomes i 
before this suffix— as: bully, bullied; pay, 
paid. A single final consonant preceded by a 
single vowel is usually doubled before the 
suffix— as: drug, drugged ; travel, travelled. The 
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pMi participle of weak verba la aaiiallj the 
aame in farm aa the peat indefinite. If the pre> 
aent tenao ends in a or the auffix is often 
dropped, and presimt, past, and past participle 
have all the same form — as: cost, cod, cod. 

Ail the verbs in the Strong Conjugation are of 
cdd Teutonic stock. The Weak Conjugation, 
while including some old verbs and some that 
were onoe Strong, is mainly composed of the 
verbs added at later times~~e.(^.,atthe Norman 
Conquest. Every now verb now added to the 
language belongs to this conjugation — as : 
telephoned, motored, deetrified, photographed. 

It is needless to givvs here a list of all the 
Strong and the Weak Verbs in the English 
language. The most interesting verbs, how- 
ever, and those that present any difficulty, are 
DOW given. 

Vorha of the Strong Conlugntion. 

1 . 


Present, 


Pad. 

Pad Participle. 

bind 


bound 

l>ound 

And 


found 

found 

grind 


ground 

ground 

cling 


clung 

clung 

fling 


flung 

flung 

.ling 

slink 


slung 

slunk 

slung 

slunk 

Btick(a) 


stuck 

stuck 

string 


strung 

strung 

swing 


swung 

swung 

wring 


vTung 

wrung 

begin 


began, 

l>egun 


or bcgun(6) 


drink 


drank, 

drunk. 



or dnjnk(f>) 

or (Irunkcn(c) 

ring 


rang, 

rung 



or rung(6) 


sing 


Bang, 

sung 



or sung(/>) 


sink 


sank. 

sunk, 



or sunk(&) 

or 8unken(r) 

spin 


span, or spun 

spun 

shrink 


shrank, 

shrunk. 



or 8hrunk(&) 

or 8hrunk^n(c) 

spring 


sprang. 

sprung 



or sprung(h) 


stink 


stank, 

stunk 



or 8tunk(6) 


swim 


swam, 

swum 



or swum {b) 


win 


won 

won 



fold form, icon] 

wind 


wound 

wound 

Notes. 

(o) 

Stick, now strong, was formerly 

weak. 




(6) These forms are not often used now. 

(c) Drunken, sunken, and drunken are now 

used only 

as 

adjeoUvee — as : 

a drunken man ; 

sunken rooks ; 

skruiUcen flannel. 

2. 




Present, 


Past, 

Pad PartidpU. 

blow 


blew 

blown 

grow 

know 


grew 

knew 

grown 

known 

throw 


threw 

thrown 

draw 


drew 

drawn 

hold 


held 

holden, or held 
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Presens. 

Past, 

Pad ParHeipk, 


fell 

fallen 

lie (to recline) 

lay 

lain 

slay 

slew 

idain 

see 

saw 

seen 

drive 

drove 

driven 


[old form, drave} 

ride 

rode 

ridden 

rise 

rose 

risen 

smite 

smote 

smitten 

chide 

chid 

chidden, or chid 


[old form, chode’] 

hide 

hid 

hidden, or hid 

slide 

slid 

siidden, or slid 

strive 

strove 

striven 

strike 

struck 

stricken. 



or struck 

thrive 

throve 

thriven 

write 

wrote 

written 

bite 

bit 

bitten 

eat 

ate 

eaten 

beat 

beat 

beaten 

bid {to order) 

bade, or bid 

bidden, or bid 

mve 

gave 

given 

forsake 

forsook 

forsaken 

shake 

shook 

shaken 

take 

took 

taken 

oome 

came 

come 

bear 

bore, or hare 

borne, or born 

break 

broke, or brake broken 

tear 

tore, or tare 

torn 

wear 

wore 

worn 

weave 

wove 

woven 

speak 

spoke, or spake spoken 

steal 

stole 

stolen 

swear 

swore, or sware 

sworn 

choose 

chose 

chosen 

freeze 

froze 

froz<*n 

fly 

flew 

flown 


Notes. Fall, fell, fallen is intransitive ; but 
the kindred verb to feil is transitive, and regular 
of the weak conjugation — as : “ The woodman 
felled the tree.” Bare, brake, tare, spake, swore 
are not used in modem English. , 

Borne means carried ; &orn is used of birth, 
chiefly after the verb “ to be.’' Examples : 
“ Which have home the burden and heat of the 
day ” (St. Matthew) ; “ Where is He that is 
horn King of the Jews ? ” (St. Matthew). 

3 . 


Present. 

Pad. 

Past Participle. 

abide 

abode 

abode > 

awake 

awoke 

awoke 

stand 

stood 

stood 

tread 

trod 

trod, or trodden 

ait 

sat 

sat 

get 

got (gat) 

got (gotten) 

hang 

hung 

hung 

run 

ran 

run 

burst 

burst 

burst 

shoot 

shot 

shot 

seethe 

sc^ 

sodden, or sod 

spit 

spat, or spit 

spit 

fight 

fought 

fought 


Nom. Awake, as a str oi^ verb, is intransi- 
tive, meaning ** I wake up.*’ When it is transitive, 
meaning ^*1 rouse some-one,” it is weak, and 
has awaked, moakei for its past tense and past 



{Mitidpie. Sixiul«riy with hamg ; when in- 
tnottittve it is strong — as : “ He hymg there (or 
three honn ** ; when transitive, it is weak — 
as: But he hanged the chief baker/’ 

Seeikty meaning to 6oi7, is very seldom used 
now, except in a figurative sense — as : A 
seething mass of men.” The original sense is 
seen in the enression, ” And Jacob sod pottage ” 
(Genesis). Tne past participle sodden now 
means ” soaked through.” Seethe is now 
usually weak, making seethed, seethed. 

Verbs of the WeaK Conjugation. 

1. Some lose the suffix and shorten the 
vowel — as : 


Pres, 

Pa^, 

P,Part, 

Pres, 

Past. 

P, Part. 

bleed 

bled 

bled 

meet 

met 

met 

breed 

bred 

bred 

read 

read* 

read* 

feed 

fed 

fed 

speed 

sped 

sped 

lead 

led 

led 

light 

lit 

lit 


♦ Pronouno^ rSd. 


2. Some lose the suffix without changing 
the vowel ; but they change the final -d 
into 4 : 


Present. 

Past. 

Past Participle. 

bend 

bent 

bent 

lend 

lent 

lent 

rend 

rent 

rent 

send 

sent 

sent 

spend 

Bpc'nt 

spent 

wend 

went, or wended 

wended 

build 

built 

built, or buildod 

blend 

blended 

blent 

gild 

gilt, or gilded 

gilt, or gilded 

gird 

girt, or girded 

girt, or girded 


3. Some lose the suffix and show no change 
at aU. The following have the same form 
throughout : Cast, cost, cut, hit, hurt, knit, let, 
pit, rid, set, shed, shred, shut, slit, split, spread, 
thrust, and hid (meaning ” to offer at an auction,” 
dS ” He bid £5 for it yesterday ”). Let, meaning 
to hinder, comes from lettan ( to hinder, cf. late), 
while 1st, meaning to aU^, is from laetan 
(French laisser). 

4. Some retain the suffix, but shorten or 
otherwise alter the vowel : 


Present. 

Past. 

Past Participle. 

beseech 

besought 

besought 

buy 

bought 

bought 

catch 

caught 

caught 

bring 

brought 

brought 

sell 

sold 

sold 

seek 

sought 

sought 

teach 

taught 

taught 

think 

thought 

thought 

tell 

told 

told 

work 

wrought 

wrought 

can 

could 

— 

may 

will 

might 

would 

— 

shall 

should 

— 

bereave 

bereft, or 

bereft 


berMved 


cre^ 

crept 

<Mt 

crept 

dealt 

dream 

dreamt, or 

dreamt 


druaiiioct 


PttsenL 

past. 

Past Patimpls, 

Unt) 

felt 

felt 

flee 

fled 

fled 

hear 

heard 

heard 

keep 

kept 

kept 

kneel 

knelt 

knelt 

lean 

leant, or 
leaned 

leant 

leave 

loft 

left 

lose 

lost 

lost 

mean 

meant 

meant 

sleep 

slept 

slept 

sweep 

swept 

swept 

weep 

wept 

wept 

lay 

laid 

laia 

say 

said 

said 

shoe 

shod 

shod 

Verba of Mixed Conjugation. Some 

verbs are found in both 

conjugations, while 

others either combine a weak pa<it participle 

with a strong 

past tense, 

or a strong post 

participle with 

a weak past tense. 

Present. 

Past. 

Past Particijde. 

shear 

shore 

shorn 


shemrod 

sheared 

climb 

clomb 

— 


climlx'd 

climlHd 

cleave 

clove 

cloven 

( = to split) clave 



cleft 

cleft 

heave 

hove 

h()v<*n 


heaved 

hwived 

dig 

dug 

dug 

digged 

digged 

crow 

crow 

crowfd 

crowed 

help 

helixd 

holjH'n 

helfxd 

hew 

hew(xl 

hewn 

hewed 

hide 

laded 

laden 

lose 

lost 

lost, lorn 
(jis in forlorn) 

molt 

melUxi 

molten 

melUd 

mow 

mowtd 

mown 

mowed 

rive 

rived 

riven 

rived 

saw 

sawed 

sawn 

sawed 

shape 

shaped 

shafHm 

shaped 

shave 

shaved 

shaven 

shaved 

shew, 

shewed. 

shewn, shown, 

or show 

or showed 

or shewed, 
showed 

BOW 

sowed 

sown 

sowed 

strew 

strewed 

strewn, strowm 
strewed 

swell 

swelled 

swollen 

swelled 

wash 

waahed 

washen 

washed 
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Present, Past, Past ParticipU, 

wax waxed waxen 

( = to grow) waxed 

do did done 

go [went] gone 

Notbs. Went, uiied as the pant tenae of go, 
is the past tense of wend — as in “ to wend one’s 
way. 

Crew (from crow) is rarely used now, and only 
of the litoral crowing of a cock — e.g., “ the 
cock crew.'^ When used of the crowing of 
babies, etc., the past U^nse is alwa 3 r 8 crowed. 

Many of the above forms are now obsolete — 
e.g., kfdpen (“ He hath holpen his servant 
Israel ”), haven, washen, tvaxen (“ The children 
of Israel were waxen strong ”) ; and some of the 
post participl(‘S are used only as adjectiA'cs— 
e.g., a molten image, the cloven hoof, a shaven 
head. 

Clothe, have, and make form clad, had, and 
made, which arc contracted from clothed, haved, 
and maked. 

Tight, straight, dight (adjectives) are weak 
past participles of tie, stretch, deck ( ~ to adorn). 
DistraugfU is an irregular past participle of 
distract. Fraught is Bometim<^ said to t)e the 
participle of “to freight,” but probably it is 
not connectcMl with any verb. 

•• Lie •’ and •• Lay.** Ho much confusion 
is pnwahmt concerning these two verbs that a 
special paragraph seems necxiful in this eon- 
rection. Wt' con hmve out of consideration 
to lie, meaning to tell an untruth ; for this verb 
is of the weak conjugation and perfectly regular, 
lie, lied, liid. 

Examples : “ He lied like a troojwr,” “ You 
have lied to me more than once.” 


The oonfnskm arises between to lag and to lie 
(meaning to recline), because the past tense of 
lie in this sense is lay. Let us compare the 
principal parts of the two verbs. 

Present. Past. Past. Pari. 

lie lay lain 

lay laid laid 

To lie is strong and intransitive ; therefore, it 
cannot govern an object or be used in the 
passive voice. To lay is weak and transitivi ; 
therefore it must have an object expressed. 

Examples : “ He lay there for several hours,” 
“ I have never lain on a softer bed,” “ That 
hen laid an egg yesterday,” “ Having laid His 
hands upon them, He blessed them.” Of 

course, we can say either “ They lay down ” 
or “ They laid themselves down ” ; the meaning 
is practically the same in either sentence, but 
the verb in the first is intransitive, and in the 
second transitive (with themselves as object). 

Exeim^ise. 

Correct, if necessary, the following sentences : 

1 . I will both lay me down in peace, and 
sleep. 

2. We ought to lay down our lives for the 
brethren. 

3. 1 am going to lay down. 

4. He lied when he said that he had lain his 
w'ork asid(‘ and had laid doMn all the afternoon. 

5. Having lain motionless for some time, 1 
Ix^gan stealthily to creep along. 

(j. When he has laid his burden down, he w’ill 
be a different man. 

7. Lay here and rest ; lay your head ufKin 
this pillow. 

8 . 1 1 has been laid u|K)n me that I ought to go. 


Continued 
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By Louis A. Barbe, B.A.. 


NOUNS AND ADJECTIVES 
The Feminine 

1. Certain nouns have masculine and feminine 
forms consisting of wholly different words, as 
in English. The chief of these an^ ; 


Masculine, 
parrain. godfather 
phe, father 
roi, king 
tanreau, bull 


Feminise. 

marraine, godmother 
mire, mother 
reine. queen 
vache, cow 


Masculine, 


Feminine, 


2. C-ertain feminine forms retain the raosc’din ' 
stem, but are irregular in their terminal ion : 


Masculine. 


he Her, ram 

hrehis, ewe 

ambassadeur, ambas- 

bimc, he -goat 

chhvf, she-goat 

sador 

cerf. stag 

hiche, hind 

canard, drake 

chetxil, horse 

jument, mare 

C4»mpagnon. com- 

cochon, pig 

truie, sow 

panion 

compare, gossip 

cammire, gossip. 

devin, soothsivyer 

cog, cock 

poule, hen 

dieu, god 

gart^on, boy 

fille, girl 

dindon, turkey 

gendre, son-in-law 

brv, daughter-in -Hw 

due, duke 

homme, man. 

femme, woman 

empereur, emperor 

jars, gander 

oie, goose 

goHvemeur, governor 

Hhnre, hare 

hose, doe-hare 

hhos, hero 

mdle, male 

femdte, female 

hup, wolf 

monsietir, gentleman 

dame, lady 

mtdk, mule 

netteu, nephew 

m 4ce, nieoe 

perroquet parrot 

ancle, uncle 

tonle, aunt. 

pouhin, fosA 

papa, papa 

maman, mamma 

serviteur, servant 
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Feminine, 
ambassadrice, amb.'. • 
sadr s ; 

cane, duck 
compagne, com- 
panion 

devineresse, soothsayer 
deesse, goddess 
dinde, turkey-hen 
duchesse, duchess 
impiratricc, empress 
gouvemante, governess 
heroine, heroine 
louve, ahe-wolf 
mule, mule 
perrucke, parrot 
pouliche, nUy 
servante, servant 



uuiouAaM~>nnNOH 


Z. The luunee of many animals hare only one 
form. In that case, when there is any necessity 
for indicating the difference of sex, it is done 
by adding the words mdle or femeUe, 

Fonnatioi\ of the Feminine 

Such noons as have feminine forms follow 
the same rules as adjectives for the formation of 
the feminine. These rules are as follow : 

1. To form the feminmo of nouns and adjec- 
tives add a mute e to the masculine : grande 
grande, large ; petit, petite, small ; margnie, 
marquise, marquess ; ami, amie^ friend. 

2. If the masculine ends in mute e no change 
takes place : jeune (m. and f.), young ; aimahle 
(m. and f.), amiable. 

Exceptions : The following nouns, ending in 
mute e, form their feminine by changing e info 
esse : 


dne 

ass 

dnvsse 

chanoine 

canon 

chanoinvssc 

conUe 

count 

covifesse 

druide 

druid 

druidesse 

h6te 

host 

hdtesse 

maitre 

master 

maitresse 

muldtre 

mulatto 

muldtrcsHe 

n^re 

negro 

negresse 

prttre 

priest 

pretresse 

prince 

prince 

princf.^se 

prophHe 

prophet 

prophitesse 

tigre 

tiger 

tigresse 

traitre 

traitor 

traitresse 


When muldlre and negre are used as adjectives 
they have the same form for both genders. 

3. Nouns and adjectives ending in el, eil, en, 
ien, on, ct in the masculine, form their 
feminine by doubling thi^ final consonant and 
adding mute e : vioriel, inortelle, mortal ; 
pareil, pareillc, similar ; curopeen, europeenne, 
European ; mvetcien, mumcienne, musician ; 
mignon, mignonne, dainty ; muet, muettc, raut«. 

Exceptions : "fhe following adj<*ctivoR in 
et, instead of doubling the t Ixdorc adding muiv e, 
take a grave accent on the e that precedes it : 


complet 

complete 

complUe 

incomplet 

incomplete 

incomplete 

concret 

concrete 

conerHt 

discret 

discreet 

discrete 

indiscret 

indiscreet 

indiscrete 

inquiet 

anxious 

inquire 

replet 

corpulent 

repine 

secret 

secret 

seerHe 

4. The following 

adjectives 

also form their 

feminine by doubling the final 
adding mute e : 

consonant and 

bos 

low 

basse 

ipais 

thick 

ipaisse 

exprls 

express 

expresss 

genUl 

pretty 

gentiUe 

gras 

fat 

grasse 

gros 

big 

grosse 

las 

tired 

lasse 

nul 

null 

nuUe 

pdht 

palish 

pdhUe 

paysam 

peasant 

paysanne 

vieUtoi 

oldish 

vieillotte 


5. The five adjectives, beau, ntmteau, fern, 
mou. and xyieux, which are used only before nouns 
beginning with a consonant or aspirated h, 
have a second masculine form, bel, nauvel, jol, tnal, 
and vieil, which is used before a vowel or silent 
h. The scH'ond masculine form of thtw^ ad- 
jectives is not required in the plural, Ix'caiise 
there the final jr or s prevents any harshness 
of sound before a vowel. Thus, the plural form 
of beau and of bel i.** beuujr. The feminine is got 
from this second form by doubling the final I 


and adding a mute c. 

beau, bel Ix^autiful belle 

noux'eau,mmr€l new nauvrlle 

fou, jol mad jollc 

mou, mol soft vwUe 

vieur, vieil old t'irille 


fi. Nouns and adjec^^ives ending m er form (heir 
feminine by putting a grave accent on the e 
preceding the ♦*. and adding mute e: lege,, 
Ujhe, light ; premier, premiere, first ; hergtr, 
hvrghe, shepherd ; biitirr, laihhe, milkman. 

7. The feminine of adjectives ending in gn is 
formed by adding a mute e with a dueresis (/'h 
aigu, aigul, sharp ; anibigu , nmbigue , ambiguous. 

8. The ft^minino of adjectives ending in f 
changes / into ve: vif,nve, lively; href, hr hr 
short; netij, neuve, now. 

9. The feminine of mlji'etives ending in r is 
formed by changing x into ee : heureux, keureuse. 
happy ; jalour. jalouse, jealous. 

Except ions : 


dovx 

douce 

Hw(*et 

faux 

jnusHC 

false* 

prefix 

prefixe 

pn'tixcd 

rimx 

rou^Mf 

n (Ihs'rtd 

vieux 

vicillr 

old 

I(t. Of the 

few odji'ctives ( 

•riding in c the* 

following thre<^ form their feminine by cluinging 
c into ch^i 

huinc 

blanche 

whiter 

franc 

franc.he 

frank 

sec 

f,h‘hr 

dry 

The others 

»*hange c into que : 


caduc 

rodwjue 

dw!rcpit 

fmblic 

publitfue 

public 

lure 

turque 

Turkish 


Orer. Greek, retains the c, grer/fue When 
franc means Frankish, its feminine is jrangue. 

11 Nouns and adjeetivt^s ending in eur form 
their feminine in four different ways : 

(a) Noiimi and adjectives in eur derived 
directly from the presemt participle of verbs b> 
changing ant into eur, form their feminin'- bj 
changing eur into ruse: trompeur, trumptune 
decoitful ; Ix/udeur, houdeuse, sulky , danfcur, 
danseuse, dancer ; pirheur, ph^heuxe, fisher. 

{b) Noons and adjectives ending in eur pre- 
ceded by t (teur), in which the t belongs to the 
ending and not to the stein of the. word, fom 
their feminine by changing teur into trier. Many 
of them have con^ponding English forms in 
tor : arteur, nejtrice, * ctor : conduct eur, conduciricr, 
cxmductor ; rreateur creatric^, creator ; execu- 
teur, exicuiricr, executor. This rule does not 
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Itfiply to sooh woi^ M the foUoiHitt, io 
t oeloiigg to the etem : aeheteur, aekkeuif, buyer : 
menletfr, metUeuse, liar ; fattewr, faUemt, flat- 
terer ; pofUur^ porfeuae, beMrer 

(c> Nouns and adjeotiTea ending in irieur 
(« English erior), together with ^ three words 
meiUeur, better ; tnajeur, major, uid mineur^ 
minor, form their feminine regularly by the 
addition of mute e: $uphieur^ mip^eure, wi- 
per lor ; injirfeur^ inf irieur e, inferior. 

{d) Some words in ewr, that may be used both 
aa adjectives and as nouns, form their feminine 
by changing eur into eresMe. They are : 

enrharUeur enchanteresse enchanting 

plcheur pichtres^e sinner 

vengeur V€ng€re«*e avenger 

In legal phraseology difendtMr and demandeur, 
defendant and plaintiff, have the feminine forms 
dilenderr$$e ana d^fmanderease. 

Tlir ordinary feminine of chant-eur is charUeusc, 
but when applied to a professional singer it is 
miUatrice. Chaaseur, hunter, if ever used in 
the feminine, has both chasaeust and chasaeresse. 
The latter form is po<‘tical, and occurs almost 
exclusively in eonnwtion with Diana and her 
nymphs. Impoateur has no feminine form as a 
noun* and is never used in the feminine as an 
adjective. 

(f) The following forms do not come under 
any sptwial rule : 


long 

longue 

long 

ol)Uinq 

ofilongue 

oblong 

binin 

bhiigne 

Umign 

malin 

fualiqne 

maliciouH (hIv) 

coi 

coitf 

still (snug) 

faixtri 

fai'orite 

favourite 

fraia 

fraiche 

fresh 


(/) Tiers, an old form of the ordinal aninml, 
third (now tromimeY is in a few 

expressions, and has tierce as its feminine — s.g., 
tine fierce persemne, a third party. 

H&rreue, as the feminine of hebreUf Jewish, is 
seldom nwd ; it is only applicable to persc^, 
and is practically superseded by juive, Jewish. 
In any other case, the feminine form hebraique 
is used — e.g., la langue hebraique, the Hebrew 
language. 

^^en the feminine form of a noun or of an 
adjective requires a grave accent it is for the 
purpose of preventing two mute syllables, 
that is, two Bvllables ending with a mute e, from 
coming together, thus : sec, al<he ; href bri-ve ; 
herger, hergi-re ; secret, aecride. 

In expria the grave accent of the masculine 
form disappears in the feminine because the 
open sound which it gives the e is obtained by 
the addition of ae, and it consequently becomes 
superfluous. 

diaeresis on the mute e of such feminine 
forms as aigue indicates that the sound of the u 
is to be retained. Without it the g alone would 
be heard as in the English word “ egg.” 

The addition of mute c to a noun or adjective 
ending with a consonant causes the final, which is 
frequently silent in the masculine* to be dis- 
tinctly heard, thus savan(J), aamrU{e), learned. 
In the case of a vowel ending, the mute e slightly 
lengthens the vowel sound, thus : joli, jolie, 
pretty ; ami, amie, friend 

The plural of the feminine forms is formed 
like that of the masculine by adding a: Lea 
poirea aorU bonnes, the pears are good. 

Adjectives agree in gender and number with 
the nouns which they qualify, thus : V arbrt eat 
haul, lea arbres aont hauls ; la belle fleur, lea 
belles fleur a. 
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GERMAN By p. (j, Konody and Dr. Osten 


Gender of Nouns 

VII. In German the following are of Mascu- 
UNB Qbndbr : 

(a) the substantives, denoting male per- 
sons and animals, and many inanimate 
objects ; 

(h) the names of the sejsons, months, days, 
and stones; 

(c) all nouns ending in m, except those of 
Latin origin, 

Examplbs. (a) trr Sebn, son: ber Gruber, 
brother; btr Cnfd. uncle; bfr Jfrtabc, boy; brr 
old man (greybeard); bet Hvot, lion; 
bet Xiqitt, tiger; ber bear; bet SSldf. wolf; 
bet Kblet, eagle; bet golfe, falcon; bet Sperling, 
sparrow; bet Ser^ mountain; bet 0flu«, river; 
bet$iaum, tree; bet Sinb* wtni. 

lOM 


(6) ber ^rublin^ Spring ; ber ^emmer. Summer ; 
bet ^erbll, Autumn ; ber ^linter. Winter; ber 
SRonot, month; 3&nnet (also ^anuar), January; 
bet ^ebtuar, February; ber March; ber 

SIptil, April; bet SRai, May; bet 3uni, June; 
bet 3uU, July ; ber 9lugufl, August ; bet ©epfember, 
September; bet Dftober, October; ber 9frpeiitbrt, 
November; bet ^ejember, Deramber; but 
bos da^r(ii,), the year; bie (/.), the week; 

bet ilag, t^ day; and bie the night; 

ber aRptttag, Monday; bet T^ien^ TuemLy; 
bet aWifttcod^, JDwmetft.^ Sheitag, (or 

^ennobenb), Scimtog, (Wednesday, Ihur^y, 
Friday, ^tuxday, Sunday) ; — ber ^ein, stone ; 
bet ILiammil, diamond; bet dUnbin, niW; bet 
^mato^, emerald; bet pebble ; bet Sgatntet, 
marble; bet granite. 

(c) bet ^binn, storm; ber Sdneatat, swann; 
bet aim, ann : bet aSntnt, w<»m ; bet Hm, noise ; 
bet aittm (orDbm), bieath. 



ExcnsrasoNS: bit Rcrm, form ; bit garm, farm ; 
$ttbUfum, the public ; and other deri- 
vations from the Latin. 

There are of course many other nouns of 
masculine gender, but there are so many 
exceptions to the rules which could be 
farmed, that it is simpler to follow the practice 
of learning each of these nouns with its definite 
article 

Thus, e,g., ber @<ba((, sound; but bo^ tWctall, 
metal ; and bit 91a<btiga(i, ni^tingale ; ber 
fog ; but bic 'Jlabel, needle ; and tit gobtl, fable ; 
ber ring; but boei T>in 9 , thing; bet 9Jla^cn, 

stomach ; but ba« (Sifen, iron ; ber .i>afer, 
oats ; but bie IDlauer, wall ; and ba6 genfler, 
window 

1. The grammatical and natural gender do not 
always coincide in German. Thus the diminutives 
of masculine and feminine nouns are neuter, 
and are formed by the suffixes id>cn or loin: 
ber il^afer — ba^ il^dferdKii (or il^dferlein), little 
father; ber SMann — ba^ 3Jldnn<ben (or aJldnnlan), 
little man ; bit fWutler — ba^ SWuttercbcu (or 
SHutterlein), little mother; bie Xoebter — batf 
Xrdjterd^en (or Icchrerlein), little daughter. . 

Note, bos 'IPeib, woman; boi? grduleiii, young 
lady; ba^( 9Jldbd>en, girl. Tit 'h^aife, orphan; 
ber baby or infant ; and bad Jtinb, child ; 

are used for both sexes. 

Gender of Adjectivee 

VIII. The Adjective agrees (a) in gender, 
number and case with the substantive which it 
precedes, {AUribtUii>e Adjective), When used as 
Predicate (6), that is to say, after the auxiliary 
verbs fein and n>crben, it remains unaltered. 

Examples : flei^i^v diligent ; ^ut, good ; fd'hdit, 
bad* fehen, beautiful; ugly; rcidi, rich; 

arm, poor ; ^rd), high ; ftarf, strong ; weak ; 

furj^, short ; • laiuv long ; ref, red ; flr&n, green ; 

white; blau, blue; ^elb, yellow; f(t>irart, 
bla(^ ; ^rau, grey ; braun, brown ; fait, cold ; 
nmrm, warm; lau, tepid: brip, hot: nads, wet; 
trorftn, dry 


if) bft dbnabc iff fletfi^ the boy is diligent; 
bir grau ifl the woman is diligent ; 

bad Jtinb flei^i^, the child is diligent. 

(Examples for (a) will follow in chapter dealing 
with the declension of the adjective.) 

The Interrogmtive 

IX. The Direct Question is formed by 
placing the verb with the personal termination 
at the beginning of tlie sentonoe. Thus in the 
sentence: icb babe ^cfd'lafcn, (T have slept); 
Iwbf is the verb with the personal termination, 
and the form of question would b(* : .^bc idj 
qcfd?lafcn 1? 

Examples: 
bin arm, 

I am poor, 
il'in t(b arm ? 

Am 1 poor? 

3Bir finb rcicb, 

We are rich, 

<£inb nnr vridi? 

Are we rich ? 

Tic grau 1)^*1 fi» 

The woman has a child, 

.t»ar bic gran cin ,Hinb? 

Has the woman a child ? 

1. Under no circuinstonws is the verb tbun (to 
do) to bo used in questions, as in English. Thus, 
Do you speak German ? is never translated : 
Ibun ^ic bfutfd) fvrcdKiiV but always; ^vicdMU 
^if bciiffd^? (Speak you German ?). 

Did you speak German ? is always rendered as : 
Spoke you (iorman 7 (st'tad'cn ^ic bentfd^?)- 

Conjugations of Verbs 

X. The CoNJUfiATiON of tiik Vkrm is <*illjer 
weak, strong, or mixerl. The majority of German 
verbs take the weak cuinjugation. 

1. The distinguishing feature of the wvnk and 
strong conjugations is the formation of the 
Imverfectf the former by siiflixes al 
ana the latter by change of the stern vowel. 
The w'eak verbs never racxlify the stem 
vowel. 

2. Inflections of weak verljs in the Present 
Tense : 


Indicative: 


ft id) lobse 

srjl or jfl bu lcb(c);fl 
;rt or :t ft Iob(e)'t 
:fn toir 

<ct or d i^r lcb(r);t 
*tn fie Icb^en 


I praise, 
thou praisest. 
he praises, 
we I 

you \ praise, 
they J 


Subjunctive ; 


;e i(b leb f 

ftH bu Irb fdt 

sc er leb f 
;ni wtr U'b «t 

jct i^r U'b ft 

sen ftc U'bicn 


1 praise, 
thou praisest. 
he praises, 
we j 

you > praise 
they j 


3. Hie -t of the inflections in the 2n4i and 3rd 
pers. sing, and 2iMf pers. plur. is generally 
dropped in the Indicative^ but retained in 
the Snbmnctive of verbs with steins ending 
in -b, -ft, -t, (rtb-ni, to speak; rcfl-en, 
to roast : Unf-m, to ring ; ertdt^fn, to bhish ; 

and wherever ita omission would result 
m hanh or diffioalt pronoonciation, for 
in^aaoe, in the ^mdfers. sing, indie, of verbs 
with stems ending m hissing soimds : -f, >11, 


f<^, like: to dine or cat; hail- :ii, 

to hate; lauf(b-cn, to listen ; fd'ual^jfu, to 
smack one’s tongue ; etc. — fpfifrft, etc. 

4 . Verbs ending in -rln cast off the t of ihii 
suffix in the 1st pers. sing: indie. for similar 
reasons of eupnony: h^nbetn, to act, to 
bargain, Idchdn, to sroiU*. 

idf ld(h(f)bc- "rie f is, however, retained in 
the 2i«f and 3r<f pers. sing.: bu 
ft IdfbfUt, etc. 


l(>r>5 



DacleMion of ProoouM 

XI. The Deci.eh81ok or the Pebmohal pBOHOUNa. (Tlie nambeFB 1 — 1 indicate the four cases.) 
Singniir \$l Person 2nd Per mm 3ni Person 


1. 

i(b 

I 

bu 

thou 

ft 

he fc 

she 

it 

o 

mftner (mein) of me 

bftnrr (bfin) of thee 

fftner (fein) of him ibicr 

of her feiner (fein) of it 

X 

ttiir 

to me 

bit 

to thee 

tbm 

to him i()T 

to her i^m 

to it 

4. 

mi(^ 

roe 

bt(^ 

thee 

i^n 

him tie 

her f8 

it 



Plural 


Plural 


Plural {for 

all 3 genders) 


1. 

nnr 

wo 

if;r 

you 


ffe 

they 


2. 

unffr 

of us 

fUft 

of you 


i^tet 

of them 


3. 

unfi 

to us 

fiid) 

to you 


i^nm 

to them 


4. 

imfi 

us 

cud) 

you 


S' 

them 



Iho bracket4*(i /(Tin of the 2nd pets. sing,t mfin, beln, (fin, b sometimes used in poetry, 
proverbs, and exalted npeoeh. 


EXAMINATION PAPER III. 

1. Which German nouns have the masculine 
gender ? 

2. What is the difference Ixjtwoen the adjective 
used us a predicate, and the adjective when 
it precedes the noun ? 

3. What is the distinguishing feature of the 
weak and strong conjugation ? 

4. What is the gender of diminutives ? 

5. In w'hat way docjs the Gorman form of question 
differ from the English ? 

0 Which conjugation (strong, weak, or mixed) 
is taken by mt«t German verbs ? 

7 . Do the weak verl»s ever modify the stem vowel ? 
8 What is the peculiarity of the conjugation 
of the pn^sent tenw' of verbs ending in -cln ? 
t). What IS the peculiarity of the conjugation 
of the present tenser of verbs with sUuns 
ending in -t, -|1, .t and -tb ? 

Exkboisk 1. Insert in the dotted places the 
auxiliary verbs l^tibcn (to have) and U'cvtcn (to 
b.'come, to get), and the articles. 

'Itatcv unl> 3)hiticv. Tu 

I have a father and a mother. Thou growest 

tbuf. (^v Vfhrcv. . . . fViau ... . , . . 

strong. Ho has a t-eocdior. The woman has a 

aiisuiu Hinb .... 

husliand. The child becomes diligent. The 

'JWuttrv Umber. . . . aJIauncr it'. 

mothers have childrtm. 7'he men have a fish. 

J\ln' Cnfcl ; fic 

You have a uncle; they have a son. 

.... aWabchoM fd>cn. 

The girl be(^ome.s (is getting) beautiful. 

Hiutfv .... 

The children become diligent. 

Exercise 2. Insert the definite article. 

.... 'l^vMbrr .... Slluttrr iff . . . Onfcl . . . <Schnc^<. 
'i lu' brother of the mother is the uncle of the son. 

. . . . iff ffavT. .... iff bech. 

The lion is strong. llie mountain is high. 

. . . . ^u^uff iff UMrni R»'ublinit iff feben. 

[The] August is warm. Spring is beautiful. 

.... iwvbtn furj^ ^iibnnnb iff trarm. 

The days become short The south wind is warm. 

. . . . Ofubin iff ret 'Smara^b ^cun iiiib 

'fhe ruby is red, the emerald green, and 
. . . . T^iamaitt lecil*. .... ^tall iff ticrfcn. 

the diamond white. The stable is dry. 

. . , J^afet iff \\m 3Xcta!( iff trdff. 

The oats are [is] wot The metal is white. 

S4M iff fdwrf <Rabd iff i^wt. 

The sword is sharp. Hio needle is good. 


.... SSurm iff ftbnsnb 9lrm iff ffarf. 

The worm is weak. The arm is strong. 
.... ihifib iff .... 3)}uftrrd>rn .... 9Wab(bnip. 
The woman is the[dimtn.] mother of the girl. 
.... SJliUinlfin is ... . '.loafer .... J^raulcinr*. 
The [dtmtn.Jman is the father of the young lady. 

Hnab iff ... . 'h^aiir. 

The boy is an orphan. 

Sau^litij^ iff — 9)labcbfn. 

The baby is a girl. 

Exercise 3. Insert the conjugatbnal termi- 
nations to the stems of the verbs. 

Acbarbcit... fffipiv^. Tft <8(bulfr lent... 

I work diligently. The scholar (pupil) learns. 
'liUr fdneib . . . ii^viiff. I'u arbeit . . . lob . . . 

We write letters. Thou workost. You praise 
bif .Hinbcr, X^er i^cbvfl• Icb... ben <Btbulfr. 

the children. The teacher praises the pupil. 
2if Ucb... tie .Uinber. Sie licb... bie .ffinbcv; 
They love the children. You love the children ; 
ffe licb ... bie .Uinber. 
she loves the children. 

Exercise 4. Put the sentonoos of Exercise 3 
into the form of questions. 

Exercise 5. Translate the following English 
qm^stions into German without using the German 
equivalent of the auxiliary verb “to do,” and 
translate the German questions into correct 
English. 

l>o you smoke ? Do you love the child ? 
Does he work diligently ? Dost thou learn ? 
Do they drink ? 

^(brribff bu cintn Uebt bet iid^rev ben <Sd)ulci ^ 

Vkbfii bif SWiittcr bif .Hinbcr ? ^ifbet ben 5^1atrr? 
fffaud)f n irir ? 'Arbciten ®if ? avbcitm fif ? 9lrbf itet Uf? 

Exercise 6. Insert the corresponding cases 
of the personal pronouns. 

ffbf* . . . . ; lobff ; lifbt 

I see thee ; thou praisest me ; he loves her 

iinb .... lifbt ; . . . . unb gab 

and she loves him ; she gave him and he gave 

finen iUing; Ikbf ; — fagl* ; 

her a ring ; 1 love it ; he tells me ; 

.... Icb^ct .... ; (cb m — ; lifb m ; 

you praise us ; you praise us ; we love you ; 

fag r ; fag t 

I tell you ; I tell thee. 

(Sebrnfe* 

Remember [of] m ', us, you, her, him, it, them. 

♦ feh-tn, to see ; fag-rn, to tell ; gebfnf-cn, to 
remember, ^cbmfen governs the genitive. 
Continued 
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By ALGERNON ROSE 

THE art of transposition is not modem. In Transposing on Paper. To alter the 
the days of Greece, Claudius Ptolemy trans- key in which a piece is composed hy translatinjr 

posed the ‘^Hymn of Nemesis ” from the old high it into a different scale is cAsy enough on paper, 

pitch of the scale of Alypius a fourth lower. Such pen-and-ink exercises sliould always sup- 

But the Greek system of musical notation was plement a student’s practical studies. Tn order 

different to ours, although in certain rt'spocts to master his instrument, lie should practise 

analogous, because the modem tone-system has each study in as many different keys as |>osHil)le. 

l>een partly evolved through the old ecclesias- The most economical way of getting the notation 
tical modes. for this is to transpose the ext'rt'ise on pajHW. 

Ancient Methods of Transposition. The tirst point is to find the new tonic, or 
In old missals dated a.d. 1300-1400, transposi- keynote. After this has bt'en done, alter the key 
tion from one mode to another was regulated by signature accordingly. The rest in a straight- 

the distinctive colouring of certain of the notes, forward diatonic composition is a matter of care- 

Coming to later times, Louli6, a French musician, fully copying out oacfi note at an equal distance 

wrote an ingenious book in 1698 published by above or below the original. 

Estienne Roger, of Amsterdam. In this the Transposing Melodies. Taking the notes 
author explains the nature of transposition, of the throe centre octuv(‘s of a piano— of which 

and sets forth a method of reducing music the C just over the look gives the* midille, or 

into any of the keys denoted, either by the first ledger line (’ l>eneath th(‘ G elef — suhsli- 

acute or grave signaUires, and translating them tute the nuinlx'is I to 7 for the letters C to B 

> back again into the original, or radical, keys. inclusive. Employ ordinaiy niunoials for the 

Definition. In music, the word transposition centre, or 2 ft., octave. Add an nvuUt uceevit 

has several meanings, but its usual signification to each figure upwards in the next, or 1 ft., 

is the rendering of a comfKisition in another key octave, two accents for the 6 in. treble octave, 

than that in which it is wTitten. This is done and three accents for the 3 in. high trelile 

either by copying out, singing, or playing a piece octave. To discriminate the lower notes, attach 

by altering the piudi equally from start to ffnish a single comma below each number in the 4 ft. 

-^whether a semitone, tone, major or minor octavo, two commas to each in the 8ft. bass 

third, higher or lower, os may be desired, [See octave, and three in the 16 ft. low bass 

Theory' OF Music 1 octax’e. 


Intervals. Such numbers represent intervals which are alike in all keys although the names, 
or letters, of the note s alter. Number the scale of C major thus : 

8ft. oct.ave. 4ft. octave. 2ft. octave*. 1ft, octav'c. 



Suppose the melody is as follow s : 



It is required to be transposed, say, a fourth. A fourth above C is F. F major has one flat — B. 
Beginning at F, write out and number a similar scale with the one flat signature, thus : 



« 1 2 3 4 5 6 7 1 


The stndent, who may know nothing of music, hv taking these numljers and writing the notes 
in their new places, will be able to transpose the melody correctly from C to F, thus: 



c 





mvmo 


The firnt eescntial, therefore, m to recogni^p 
quickly the dmtance of each note from the Hrst, 
or tonic, of the ucale. By inscribing simple 
exercises of one octave, and transposing the 
notes systematically into all the keys, the 
fjeginnor will soon become accustomed to 
reckon with the eye the proper position for 
each note, and wiU then able to dispense 
with the figures. 

Obviously, the transposition on paper of any 
diatonic melody presents no difficulty to the 
scribe, since all that has to lx* done is to calculate 
the higher or lower posit’on needed for each note 

Tranapoalng at Sight. It is, however, 
not infrequently the casc^ that a pianist or 
organist is requin^d to transnoso a piece of music 
at sight to suit a singer. The task is then more 
arduous. But it has to l>e done. For that 
reasrm, candidates for examination for the 
IncorporaUxl Hociety of Musicians, the Asso- 
ciated Board, the Koynl College of Organists, 
and other institutions, are reijuinxl to show 
reiisonnhle Ability in this respect. 

Concert Pitch. When, in KSOff, the 
I..ondon Philhamionie Rocitqy discarded the high 
militant pitch, and came into tune with the music 
of the (\intiri('nt by lowering the Britisli standard 
to the note reijresentctl by A, giving 439 entire 
vibrations per second when testtsf at a concert- 
room t<*injM'rature of *68 degrees FahrenluMt, the 
changct wiw wid<'ly welcomed by singers, who.se 
voices wcTt^ unnecessarily straim^ by the 
military hand pitch. But, owing to the great 
exixmse of re-tuning and re-voicing large organs, 
it Imp|M*ns to-day that when musicians ri'inforcc 
a church choir with wind instruments at the new 
pitch, or if the organ has hewn alteriHl and bands- 
men bring in instniraents at the old pitch, the 
organist is forcini to tran8|>ose at sight a semi- 
tone lower or higher, os tlio cose may be. 

He cannot, like the guitarist, alter the pitch 
of his instrument by putting on a capotasto, 
neither can he adopt the device of the violinist 
called the scordatura, and therf>by deviate from 
tlie ordinaiyf tuning as nmuinxl. " 

Extreme Keys. l^sually, all that is 
wonUni is to transpose* a semitone up or down. 
In this case tlie task is comparatively easy. 
Taking (' major and A minor as the normal 
scales of our musical system, all the pianist or 
oi^anist has to do when required to raise the 
pitch half a tone is to change mentally the 
signature to shar|> major or A sharp minor. 
Should Uie sounds have to be low'ered, the trans- 
poser imagines that the signature is C flat 
major or A flat minor. It may be argued that 
extreme ke^’s, bristling with sharps or flats, are 
very difficult. That depends on whether tbe 
student has, or has not, taken the trouble to 
accustom himself to them. He will now j>er- 
oeive, in a way which may not have been before 
apparent, why it is advantageous to practise as 
oiten as possible scales which have many 
accidentals. 

Chmnging Accidentals. To understand 
this method of transposition, it is better not 
to begin writh C or A. Take a hymn in the k^, 
say, of fi major, like Bamby's “St. HUd#.’* To 
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transpose it down to K flat major, obliterate 
from the mind the printed si^atore of foOr 
sharps. In their place think of me three flats B, 
E, and A. Then play the music as written, except 
when an accidental occurs. As the key is lower^ 
half a tone, whenever a natural arrives in the 
music the mind must transform that natural 
into a flat. When a sharp comes along, imagine 
that it is a natural. In the same way, a double 
sharp must convert itself into a single sharp, 
and a single flat into a double flat. Wo have 
only space here to quote the 5th line : 


“St. Hilda.” Barnby. 




On the other hand, if the hymn chosen is in 
E flat major, and has to l)e transposed a semi- 
tone upw'ards, the menial process is reversed. 

Obliterate from the mind the signature of 
the throe flats. In their places substitute the 
four sharps F, C, G, and D. Wherever a natural 
occurs on the printed page, it must become a 
sharp. A flat clianges into a natural, a sharp 
into a double sharp, and a double flat dissolves 
into a single flat. . 

“St. Matthew.” Bach. 



Reading by laterwala. It is when we. 
come to transposition at intervals of a third,. 



MUSIO 


fourth, filthu and so on, higher or lower, that the 
task of the reader increases in difficulty. On 
such occasions the player must either well 
acquainted with the rules of harmony or familiar 
with the piece before he attempts to transpose. 
The eye then reads by intervals rather than by 
actual notes. Infant prodigies at the piano 
can go to the instrument and play by ear 
melodies they have heard with appropriate 
harmonies, f’sually they are capable of playing 
the tune in any key they fancy. This gift comes 
naturally to them. It is called “playing by 
ear.*’ The child cannot analyse the way in 
which the result is obtained. But the moral 
of this is that the younger the student 
happens to l>e, the l)etter is his chance of 
Ix'coming a skilful transposer if he gives his 
mind, w hile it is yet plastic, to this useful branch 
of musical study. 

In transposing to a key more than a 
semitone higher or Iowxt, the player who has 
studied harmony d(K's not trust to chance. 
He takes his cue from the low'cwt note. From 
that he builds up the sufierstructure grammati- 
cally. To do this reeju ire's, wnth most players. 
The “ C ” Clefs. Tlie pianist ordinarily 


long and constant practice. A privileged 
minority seems to develop the knack by instinct. 
With such players, as in the case of that ideal 
aocomfianist Mr. Henry Binl, trnnsjK>sititm is 
a]wa}r8 made artistically. The liest part of the 
pianoforte is, or should bc\ its middle ri'gister. 
To transpose a piece a fifth, sixth, or Ht'venlh 
lower than it is wTitten may entiri'ly alter the 
oharacU'r of an accompaniment, and cause it 
to sound lugubrious in a way never intended. 

Retaining the Composer’s Intention. 
This is one of the objections musicians have to 
mechanically tran8po.sing keyboards, the main 
one, of course. Uung that they cannot take such 
contrivances almut with them like fitldh's. By 
occasionally altering the disposition of t he writt<'n 
notos in arjn^ggios or chords, the aei’omnlished 
accompanist contrives to enhance the etlect of 
the voice, and oommiinicate the natun* of th(' 
original comfKisition. thus retaining the inten- 
tion of the composer. Tlu' class of musician 
most accustomed to transposing at sight is tlu' 
orchestral player. For him it is h'ss ditfieult 
than the pianist. He reads from only one stave, 
and usually a succc'ssion of singh« note's, 
confini's his attention to the treble and bass 
clefs. But the studious instrumentalist who has madt' himsc'lf convt'rsant with tlu^ various C’ 
clefs is able to use* these w'hen transposing at sight, and thus save hiiUHi'lf all trouble of 
calculating intervals. In the day's of Purcell these extra clefs w'cre common in vcK'al music. 
With the exception of the tenor cfef, they are now' seldom uscal. Insb^ad of (' being indicati'd 
on the first h'dger line Ih*1ow the staff, as it is 
when our (*, or tn'ble. clef is ust'd, tlu") soprano 
clef pla<'eH that note on the first line, the rac'^zo* 
soprano clef caus<*s it to n^st on the w^cond line, 
the alto r»n the third line, and the tenor on the 
fourth line, thus : 

Th« Soprano Clof. The music transpoH<‘8 itself automatically by substituting the 
sofirano C mentally for the treble (J clef, and playing the noU's as written, rturiemlM*ring the 
requisite accidentals for the new signature. Head in this manner, the substituted clef 
causes the music to sound a third lower or a sixth higher. Thus, if tlu^ original is in () major, 
it«is now heard in the key of A major. The refor e, every F, and (» must beconu* sharp. 

^ Ckotui. 


S<»prmi<» Merzo-mtp. Alto Tfsor 

clef clrf ch'f rlrf 



IT": 




I 

1 ^ r 



The same notes transposed a third lower, or a sixth higher if “Kvo” is imagined above them. 





The Mezso«aoprano. When the mezzo-soj»rano C clef mentally supersedes the (i treble 
clef, and the signature of the new key is home in mind, the player is able to render the printed 
notes at once a fifth lower or a fourth higher. Consequently, if the original is in (\ the key 
will now' be F, w'ith one flat — B. If in B flat the trans{K)sitiDn will 1 ki to E flat, thus: 




MUtlO 


The Alto. Heading in the alto in place of the G clef, the player transpoeee a seventh 
lower or a second hi^h'T. A piece written in C major, but taken in the alto clef, will thus 
sound in D major, with two sharps — F and C 

Same note« IranHposed a seventh lower, or second higher if an “8vo” is imagined above them. 








Tho Tenor. In the same way, the player can transpose music written in the G clef a 
ninth lower by reading it in the tenor clef, so that a piece in C major played in the tenor 
clef (giving 2 ft. (’ on its fourth line) will sound in the key of B, with five sharps — F, C, G, D, 
and A ; in o' her words —irrespective of o:*tave pitch — a second lower or a seventh higher: 

Beethoven. 



So here wc have a ready method of transposition of a third, fifth, seventh, and ninth without the 
trouble of calculating intervals. 


The Baas. Hut the resources of the instrumentalist are not yet exhausted. If he obliterates 
the G clef and inits in its place the F, or bass, he lowers the tone a third. But he must then 
read the sountls a double o<'tave higher than they are written. Sup}) 08 ing the key of the 
original to Ik* (' major, the note sounded will now be in A, w’ith three sharjKt — F, C, and G. 

Having affixt*d mentally the requisite signature, the notes if played in treble clef would ^ead: 

As prinUnl As rt*ad a i. 




B 


AG E B 0 B f ^ 






E D 0 B 


The intelligent student will not lack employment, no matter what instrument he takes up, d 
he translates systematically the exercises he practises into different keys by means of the various 
(’ clefs. When reading the notes with any C clef, the sound can be also transposed, either up 
or down a semitone, by making mentally a further variation in the signature, in the manner 
alrt‘adv explaiiunl. But this must not l>e attempted before the student has accustomed himself 
to reading various exercises in the old vocal clefs and the bass. 


Score Reading. The student who 
negliK'ts to make himself aequainUHl witli trans- 
position will never lH»come jiroficient in reading 
an orchc'StnU score. To comprehend an old vooid 
score whert^ the various C clefs are used, the 
mental process indicated for translating the 
sound from the (» into the C clefs is, of course, 
reversed by the beginner, in tlie same way that 
an English sclux>lboy learning French at first 
slowly translates every' French word into its 
English equivalent l>efore understanding it. 

A Full Scoro. If we take a modem full 
score, we may find some 30 different parts, 
ranged one above the other. A non -musician, 
accustomed to rcMid a single line of letterpress 
from left to right, regards such notation as hope- 
lessly complicated. Yet it is far superior to his 
own. It convoy's not only the exact rhythm and 
speed at which every syllable should be read, but 
also the mental mood in which it must be received. 


Moreover, musical notation has the gift of 
brevity. The longest sentence penned can be 
portrayed vertically in a single sustained chord. 
If we examine the opening page of a full score, 
it will be observed that only certain instruments 
such as the violin, trombones, the oboe and 
bassoon in C, the harp and organ, play the notes 
as wrritten. These instruments are called ** non- 
transposing.*’ 

Tranapoaing Instruments. On the 

other hand, the student will observe that the 
clarionet in A sounds a minor third lower than 
the printed notes ; that the trumpet in £ flat 
expresses itself a minor third higher, and that the 
horn in D utters its sound a seventh lower. Ir 
military scoring there are many such complica 
tionn. The modem composer, anxious to startle, 
is, of course, at liberty to avail himself of any 
and ©very tone-oolour his fancy dictates. 

Tr€m*po9Ui<m CcmdMdtd 
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MINIATURE PAINTING 

Pastel Work. Mintatures. Choice of the Wory. The Early Miniature 
Painters. ** Spacing;.*’ Framing;. Deterioration in Modem Work 


By P. G. KONODY 


Drawing in Pastel, 'fho nature of the 
material used for this work — that is to say, of 
coloured chalks — immediately suggests the limi - 
tations of {>astel work. Chalk, whether black or 
coloured, is a drawing material, and to use pastel 
colours in imitation of oil {mint is therefore a 
misapplication of the medium. They should be 
used for sketching, e«{XK'ially on tinted {mjH'rs ; 
they should be lightly and daintily handled, and 
should suggest rather than cx{iresa. It is im* 
{K)ssible to get any degree of transparency into a 
thick lay€?r of jmstel chalk. A sky, for example, 
thickly smear^ over with the lightest blues 
or greys will invariably apf>ear heavy and 
leaden. The happiest effects, either in land* 
8ca|>e or in {xjrtraiture, or, in fact, in any 
other class of subject, are achievcxl, if the 
|>a{K‘r itself 8ii{)plie8 the visible ground of the 
drawing and the chalks are put on in slight, 
sketchy touches. 

What to Avoid. No pictorial effocU should 
ever attempted. Whistler’s use of pastel 
chalks may he quotcnl as an ideal instance of 
appropriate treatment. Many of these have been 
rt'{>rT)auciHl in excellent facsimile in the “ Studio,” 
and in a B{K'cial |3ortfolio fiublished by the same 
magazine. Pastel drawing bears about the same 
ndation to {minting in oils or water-colours as 
etching does to mezzotint or line engraving. When 
the etcher ceas«m to use his needle in a free, sketchy 
manner, and makes it serve for the lal30urea, 
mwhaniq^l inU*rpretation in black and white of a 
{minting, he has overBte{iped the natural limita- 
tions of his medium, and his work ceases to l>e 
art ; it Imcomes mere craftsmanship. And so it 
is with the use of pastel in imitation of oil paint. 
It lends itself more them any other medium to 
the rapid expression of an artist’s individuality, 
and for this very reason it is usek^ to advise 
the student how to manipulate this material. 
If he has anything to express, and if he realises 
the limitations of {mstel, and its dainty charm 
within these limitations, he will soon feel at 
home in using it. 

Though pastel colours are {permanent, no 
reliable method has yet been discovered of 
fixing them to the paper, and pastel drawings 
have therefore to be handled with the utmost 
care ket the brittle chalks should rub off or 
crumble away. The best way of preserving 
such draw'ings is between two. sheets of glass. 
Tinted paper is preferable to white, and ordinary 
brown packing-pimr, not too dark in shade, is 
an ideid grouj^ tor such work. The drawing- 
paper should be neither very rough nor very 
smooth, as in both cases the powdery nature of 
the chalks makes it impossible to get a satis- 
factory result. 


The Story of the Miniature. .As con* 
ceived*by the vast majority of modem workers, 
miniature painting is a conqmrativi'ly easy 
method of using photogra{>hic truth and the 
innate qualities of ivory — its tran8{inn*ncv and 
warm tone — to obtain pleasing results in small 
portraiture. At the time of the great masters 
of this art, from Holbein to (’osway and 
Engleheart, it w^as the art of painting nolile and 
beautiful portraits of exquisite quality on a very 
small scale. Their miniatures are small only in 
size, but grand in conception, likt* tine life-size 
portraits. The early miniature {)ainters-- 
Holbt*in. C(>(){>er. Oliver. Hilliard, and others 
— w^orked on parchment and {)a{HT, ami wens 
above all. masterly draughtsmen, whose {M)r- 
traits w'ere drawn w'ith wonderful precision, and 
w'ere full of life and character. (Vmway. too, did 
beautiful drawings on {)a|jer. but lie mcognised 
the charm of th(^ effects that could Ik* obtained 
on an ivory basis, and in his ♦ulinirable work 
created a delightful convention, graceful and 
dainty, but ratlier shallow', whicli, in the hands 
of feeble imitators, bus }>r()vefj the ruin of the art. 

The student who wishes to take u{) miniature 
painting cannot be too (unjihatically arlvised 
not to touch ivory until he is able to draw- a 
gocxl miniature on {)a{M*r, It is th(* best and 
only training that can I c* recommended, and if 
he has th(^ solid basis of knowledge^ and tirrn 
draughtsmanshii), which can only Im^ thus 
acquired, he will soon learn the eomparativt^ly 
easy trick of working on ivory, wdiich, of course, 
requires a different technique. Miniatures on 
pa{x*r are nothing but water-colour drawings 
on a very small scale, so that no further ex- 
planation is here needed. 

How to Select the Ivory. In working on 
ivory, the first consideration is the choice oi the 
material, in which onii cannot bo too careful. 
Ivory for this purmwe can be bought ready for 
usc^ at most artists^ material dealers. ’Phe pi€?ce 
chosen should lie as clear as {lossi hie— that is to 
say, one should endimvour to find one free of 
grain and ribs, esfiecially in the centre, where 
the face would naturally be placed in the {lic* 
ture. As regards colour, the natural tint — a pale 
cream — is preferable to the bleached and dead- 
white ivory, though tlie coldness of the latter 
can be counteracted hy yellow pafier liehind 
the semi-transparent ivoi^% which priKluces 
approximately a natural effect. 

A very small, light drawing- hoard should be 
used, on which tlie ivory is fixed by pins. 
These pins are, of course, not put through the 
ivory, but along the margin, so that the little 
plaque is held down firmly by the heads of the 
drawing-pins. Pour pins, one at each comer, 
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Hy Hilliard 


nhoulci be HufTirient. A 
pieee ()f clean paper 
nhoulci Iki lietweien the 
lM)ar<l and the ivory, oh 
otherwine thc» firain and 
inecjuulitieH of the* Ixmrd 
would nhow through. If 
the* ivory in not c^uile 
firinlv iixc’d to the board, 
it will curl up direct Iv thc! 
wcft }H>int of the bruHh 
ioue}i<‘H it, which would 
make it im{M>KHil)le to 
work on. 

Before' working on the 
ivory, it iHadviKahle tc»make 
a rough nkc^teh of the ]K»r- 
Irait on pa|HT, ho oh to get 
the appr(»ximate “ H[>arjng ’ 
of thc picture. Then begin 
to draw the portrait very 




By Hilliard 


carefully^w'ith pale water- 
cedour : light rc*d is useful 
for the fa<!e, but, in any 
ease colour which can l>e 
ultimately part of the 
miniature itself should 
1 h‘ chosen. Pencil cannot 
Ih' used, as it will show 
through any paint laid 
over it, and. moreover, 
it makes the ivory bhick 
and smudgy, and cannot 
Hulwecjuently Ik* removed. 
It IS better, of course, tc 
keep the colour rather 
cold at first, and to leave 
the warmest tints for the 
very last touches, as the 
warm colours — such ivs 
any of thc madders, burnt 
and raw siemna, and even 





EXAMPLES OF MIXIATURES OF THE OLD SCHOOL 

hp ftrrtmimtm Mtmn. fitim/tm 
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By Englkhkart 


too much yellow ochre — Y 

cannot I c reduced after* \ \ . 

wardH by cold tints. They \, y 

will always show through, 
wheroiis the greys can ^ 

<|uickly and easily reliev(*d 
by the addition of a tint of 
yellow' and brown, which 

will give a brilliant effect. examcles ok mini. 

If grey tints are put on sc 

warm shadows, the colour rhof.njro^j^M h„ ,wr, 

becomes dead and leafi(‘n. 

Now proceed to build up the portrait gradu- 
ally, always working over the whole surfac’c, 
and bringing the entire head nearer completion 
with every sitting. Think only of the mo<]el- 
ling, outline, and colour. The stippling neces- 
sary for the tinish of the miniatun*. will come 
naturally, for ivory has so slippery and difficult 
a surface that, however carefully tlie tones are 
laid on, there are sure to l»e some inequalities 
which can only la* removinl^iy stippling. Only 
\^hen the portrait is finished — that is to sav, 
when the colour has the necessary strength, 
and when the features are 
clearly drawn and sufti- 

ciently modelled— should _ % 

stippling Ik^ resorted to 
as a means of sw'eetening 

the tones, and giving the ^ ^ ^ 

velvety texture of skin 
which is found in the w'orks 

of masters, and which is ^ , 

nc*eded for work on so ^ ^ 

small a scale. But a broad ^ 
style is by no means in- 
compatible with miniature 
painting. 

Modern Miniatures. 

Almost the worst faults 

of the modem miniature ^ ^ 

painter are slovenliness ^ 

and lack of drawing. The a 

student will do well to i 

avoid modem miniatures 
altogether. There is practi- i 

cally nothing to be learnt ^ * 

from th«m. It is a regret- 




By Enulehkaht 


By C^sway 

EXA.Ml'LES OK MINIATCRKS OK THE LATER 
SCHOOL 

1‘hofiM/roiLihM htf /wrynUMton o/ </>'«««'« Ituto'fn 


C^v 

.r 


table fact that many of 
those who call themselves 
miniature painters have 


Bv Plimer 


r ^ taken to th s form 

V of painting U'cause they 
have found thomselves 
I unable to succeed with 
otbtT medium ; to 
j>aint a bad miniature is 
till' 1‘nsieHt thing in the 
world. Study the perfect 
•RES OK THE LATER drawing and strength of 
DL the old miniaturist K. 'Phese 

nil 0/ /*wnr.*H and your ow'n inodid will 

Ik> all you ntual to study. 
Do not work tor) long at a time, as it is im- 
poHsihlo to kiM'p oiu‘'h eyr* frc'sh for sueh minute 
work longer than two or three hours at the 
most. 

How to Cut and Prepare the Ivory, 

An oval shape is usually pnderrral for jiortrait 
miniatures, liiit the ivory plariues are sold in 
s(|uare piern's. It is, tlwreforr*, neer'ssary to 
cut the finished miniature to the rerpiirtRl 
shape. 'Plus is U'st left to the frarn(*-maker, 
or to the dealer who Huppli<‘S thr* ivory ; frir 
the cutting is a difficult matter, and tlirr first 

.. few attemj)tH usually 

end in thr* miniature’s 
splitting right across in 
tile dirr'Ction of the 

It is, therefore. Is-st to 
practise on waste pieces 
order to save the 
raabTial. VcTy sharp 
Jk% ^ scissors must lx; usi^tl, 

and it is always Ixdter 
to cut a little outside 
^ ^ the actual edge of the 

picture, as the frame 
I will very slightly over- 
lap the surface. In 
framing, it is again 
noctniHary to have a 
jflf' clear pi(;ce of pajx;r Ix;- 

hind the painting, and 
it' is usual U) har^k the 
miniature with several 
piece* of par«T or card, 
to make the velvet hack 
’ fit tightly against the 

ivory. 

•**®**^ Continued 
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Glenmore. The Lowlands. Scottish Coalfielda The Southern Uplands 


By Dr, A, J. HERBERTSON. M.A. and F. D. HERBERTSON, B.A. 


j^ACH region of the British Isles has its own 
character— inland or maritime, highland or 
lowland, agricultural, pastoral, or manufacturing, 
and each must be briefly dotcribed. 

The Scottish Islands. In the Orkneys 
and Shetlands wt are on the fringe of inhabiteni 
Britain, among a {people mainly Scandinavian. 
Both groujw numlKT scores of islands, mcist of 
which are uninhabited. In the Shetlands, Main- 
land is the largtHit island ; it is over 50 miles 
long, but HO inNirstH-'ted by the sea that no 
place is more than four miles inland. Lerwick 
is the chief town. In all the islands the shores 
are wild and rocky, and the interior is a bleak, 
trcMdesH moorland, fwding cattle, shwp, and 
small ponies. The climate is almost t<K>wet and 
cool for agriculture, but some barley, oats, and 
}K)taUM's an* grown. Nearly every man is a 
fisherman, the herring and w^iuh* fisheries lading 
very imtKirtant. In the long winter nights the 
women knit fine shawls of the soft island wool 
for exfMirt. Life in the Orkneys is very similar 
to that in the Shetlands. A good deal of barley 
is grown, from whieh w'hiskv is made. Pomona 
is the largest island, and Kirkwall the larg(*st 
town, 

1'h«* Hehridt's, of! the west coast, are dividt*d 
into the OubT Hebridt>H, of which the largest 
is Lewis, and the Inner Hehridt's, with Skye in 
the north. Mull in the centrt\ Islay in the south, 
as w ell as many smaller islands Surrounded by 
stormy seas, and sliut in by diftieult I'oa.sts. with 
fieret' currents running iK'twwn the islands, it 
is natural that tlie fisheries, though important, 
should not lx* very profitable, llie w'et climate 
dm's not favour agriculture, and much of the 
interior is jxK^r mimrland, only fit for 8luM.*p or 
dwr. In summer the beautiful sea and moun- 
tain scenery brings many tourists, who add 
something to the seonty resources of the islanders. 
Peat is the chief fuel, and oatmeal and fisli the 
staple dit't. Simple liabits prt^vail, and cottage 
Industrie an* still oarrit'd on in the long w'inter 
night*. The hand-w'oven Harris tweeds ore 
made in the south of Lewis, in the north of 
which is Stornoway, the chief town and fisliing 
eentn\ Portree in Skye, Tobermory in Mull, 
and Bowmort* in Islay are all tourist centres. 
Iona, with its relics of early Christianitv, and 
Staffa, with Fingal's Cave, both east oi Mull, 
are muoli visited in summer. 

The North-weetern Highlande. The 

map indicates the character of this region. 
Lying far north, where the summers are ^ort 
and the winters long, and with little land 
under 1,000 feet above the sea, the conditions of 
life must ever be severe, and population scanty. 
In the west, the mountains come do^im to the 
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sea, which has drowned the lower valleys, 
forming fiords. These open to wild and lonely 
glens, often filled by long, narrow^ lakes, 
fed by innumerable mounlam torrents, whose 
waters, browned by a peat soil, leap from 
boulder to lioulder in wild beauty. An 
oceasional sheep-farm or shooting lodge is the 
only sign of life, for this is the home of the 
sheep and deer, not of men. Strome Ferry, on 
Loch Carron, is the only important town. In 
the north-east is the low'er tableland of Caith- 
ness, whose rt*d sandstones, resembling those of 
Orkney, are largely quarried Tlie softtT rock 
and lower elevation allow' of some agriculture, 
hut fishing and Khe<*p farming are still the 
chief occupations. Ban* moors, known as 
deer forests, an* numerous, and the salmon 
fisheries in the streams bring tourists in summer. 
Towns are more numerous than in the west, 
and include lliurso, Wick, DomcK*h, Dingwall, 
Tain, and B<*auly. 

Two railwavs reach the west coast, one at 
Mallaig, from IPort William, at the southern end 
of (ilenmore ; one at the Kyle of Lochalsh, 
iK'yond Strome Ferry, from Inverness at the 
northern end of (ilmmorc. Tliis wonderful 
natural rift, ninnmg from Moray Firth 
to lAK'h Linnhe and the Firth of Lfime, 
divides the highlands into two parts. On 
either side of Glenmore — the Great Valley, 
or (lien — tower ban* mountain.^, with here 
and there a glen opening to east or west 
betw'e<*n hillsidt^, which in summer are golden 
with gorse or purple with heather. In the 
fl(K>r of the glen an* Lochs Ness, Oich and 
Lochy. Acro.*u4 the alluvial Hats betw't*en them 
canals have been cut converting Glenmore into 
the Caledonian Canal. At the north end is 
Inverness ; at the south end of Locii Ness is 
Fort Augustus, in the centre; and at the south 
end of Loch Lochy is Fort William, behind 
which are seen the pnx'ipitous flanks of huge 
Ben Ne\is (4,400 ft.), the highest point in the 
British Isles. 

The South-weet of the Highlands. 

This region of sea lochs and mountain glens, part 
of the l^uth -eastern Highlands, has a beauty all 
its OW'D. It is inhabit^ only along the shores 
of the fiords, where fishing Ullages are numerous. 
It is, indeed, most accessible by sea, for few 
roads and no railways are carri^ up its steep 
glens. It is busy and prosperous in the short 
yachting and shooting season, but the winters 
are long and lonely. After Fort William, the 
chief towm is Oban, further dowrn Loch Linnhe, 
a centre of yachting and steamer traffic. This 
district is connect^ with the south by the 
picturesque West Highland Railway. The line 
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from Fort William oroesea the desolate, boulder^ 
strewn moor of Rannoch to Loch Lomond« 
which opens a direct route south to Dumbarton 
and the Clyde. Another line runs from Oban 
round Looh Awe to Loch Earn and by the 
ri ver Teith to Callander . The Lower Clyde, below 
Dumbarton, is a magnificent fiord, from which 
smaller fiords open to the north. At its mouth 
is the hilly island of Bute, with Rothesay, on a 
magnificent bay. commanding one of the finest 
views in the world. This is the starting place for 
the famous Kyles of Bute, a chain of sounds 
opening to Loch Fyne, at the head of which is 


Katrine, and Loch Lomond, one of the tineat 
tours in the Highlands. Crieff, similarly situated 
further north, commands similar routt^s. Perth, 
on the Tay, at the end of the Sidlaws, 
commands routes in all dirt'otions, and is the 
key of the Highlamis. The main route to the 
north follows the Tay to Dunkeld, 8ituat(‘d like 
Callander and Crieff. After n^eciving a branch 
from the west, hy Ix>ch Tay, it traverses the 
wild ravine of the (larry by the famous pirss 
of Killiecrankie, and crosses the divide to the 
Spey valley at a height of fwt. This 

natural route between the Moiiadhath Moun- 


Inverary. The western wall of Loch F\me is tains on the noi 

formed by the long mountainous peninsula of Cairngorm ^ 

Can tyre, across which the Crinon Canal givt« n on the 
short route between Oban and Glasgow'. east, is 
Camplx*lltown, at its southern extremity, htis as far 
famous distilleries. East of (^antyTt* is the 
island of Arran, with lofty, precipitous |H»ak8, 
wild glens, and romantic views of mountain AmKwLSik^ 
and sea. Brodick and Lambiish, the largest 
towns, are little more than villages. ^ 

The South-east or Grampian High. ^ 

lands. These highlands, which lie south 
of Glenmore, and east of tlie valleys 

and lakes followed by the West High- ^ / 

land line, aie the most rugged and . 

inaccessible part of the British Isles. 

They are not. like the South-west ' -- ^ v 

Highlands, ojiened up by winding X 

tiords, and the onlj" natural 

routes are the Tay valley, 

o])ening to the south, the 

Dw valley, opening to tln^ . jr .f j SS 


tains on the north-west, and the Lo<dmagar and 




Mountains 
south- 
follo wed 
os Avie- 


rast, and the Spey valley. 
uf)ening to the north. 
Between thm* is a A 
bleak and lofty 
region, buried in 
sAow in w inter, 
across which 
the railways 
and roads 
are carried 
with great 
difficulty. 

Much of It ^ 

consists of — /tcu/*¥ 

grouse 

moors and 70 . glenm 
deer forests i^ot 

S beep 




i. lands round th(^ M 

Town* in the So' 
Highland*. Here t( 
^ are numtirous, Nairn, Fc 

Fiaserburgh, 
tl‘nHe on the coast eng 

in fishing and fish - curing. ? 


B f h r o u gh 
wild and 
drHoUto 
seiuiery. 

A vi (' more 
the main 
line strikes 
aw ay from 

['roHS the 
er (eastern 
f the Monad - 
lountains to 
H, while a 
►n tin lies by 
o the low 
the Moray 

le South- 
eaai mjsniano*. Here towns 
are numtirous, Nairn, Forre^s, 
Klgin, Banff, Fiaserburgli. and 
hers, those on tht; coast engaged 
fishing and fish - curing. Many 


noitwajs Oa/*aJs 

70 . GLENMORE AND THE CALE- 
DONIAN CANAL 


tishing and fish-curing centre, as well os a busy 
iiort, shipping grey granite to tlu? south. A 
line follows tfie I>t‘e valley to Ballater, near 
Balmoral, amid the magnificent scenery of the 


farms are scattered among the hill pastures 
of the lower valleys, and some agriculture is 
possible where these open to the lowlands. 
Tow'ns are found only at the valley mouths. 

ITie southern margin of this great highland 
area, which dfjscends steeply to the plain and 
from Perth looks like a mountain range, is 
called the Grampian Mountains. In reality it 
is only the edge of a great plateau W'hich it is 
convenient to call the Gramtiian Highlands. 
All the routes from the north converge on 
Perth on the Tay, and Stirling on the Forth, 
botli on the margin of the plain. From the 
lat-ter a route goes to Callancler, at the mouth 
of a valley leading to the Trossachs Pass, Loch 


inaccer-Hihlc Cairngorm and Loehnagar Moun- 
tains, the former sepaiating it from the S|iey 
valley. ■ Many vallcvs. with towns at their 
montlis, of)en to the lowlands of Forfar, which 
form part of the Midland Plain. Montrose and 
Arbroath on the coast, and Forfar inland, are 
the largest towns north of tlie Sidlaws. 

The Midland Plain, or Lowland*. 
At the base of the southern escarpment of the 
Grampian Highlands extends Strathmore, a 
broad stretch of old red sandstone, with a deep 
and fertile soil. Jt is bounded to the south by 
a brokim line of heights, know-n under various 
names, lietween which the rivers reach the sea. 
Tbe Tay and Earn reach the Firth of Tay 
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lK*twccn the Sidlaw Hills of Forfar and the 
Ochil Hills of Fife. South of the former is the 
fertile ('arse of Oowrie, with T>undee., manu- 
facturing jute and marmala^lc, aa its chief to\%7i. 
Hen? the "Pay estuary is bridged. The Forth* 
which rises near Ix>ch Lomond, reaches the 
Firth of Forth, l>etwecn the Ochils and the 
Carnfjsie Hills. Stirling, with ita towering 
oaatle rock, the lava plug which once filled the 
vent of n long-lX'riHned volcano, guards this 
imfwrtunt gap, and here the river forms its 
famous links or windings. The Clyde, from the 
South(»m lh)lands, with lino falls where it enU^rs 
the lowlands, roaches ilic we»tem sea Ijetwoon 
the CumfNiies and ilio Renfrew Heights. 

The Scottish Coalflelda. South of these 
heights, which divide the Midland Plain into 
two nartM, are the Scott inh coalfields (69J. The 
Mrshire field, whieh lies west of the Renfrew 
Ihdghls, and is oonHequently isolated except by 
sea, shijw much of its outfmt from Troon and 
other ports to the manufoctuiing tovms of the 
opposite coast of Ireland. Kihnamock, manii- 
fae luring wool Urns, is the chief town of 
the A^Tshire fiidd. 'J'lio oantral, or Forth and 
Clyde field, ext<;nds up the (-lyde as far south 
as I..anark, and as far east as tlie Forth estuary, 
(il&sgow, built like many other prosiKTous cities, 
at the lowest jK)int where a navigable river can 
Ik) bridged, is the e(*ntre of one (»f thi^ busiest 
industrial districts in the orld. It has immense 
shipbuilding nn<l tmgineering works, chemical 
ana otluir manufactures, and an enormous trans* 
atlantio trade. Both hanks of the (\vde os far 
as (»rcH'iUK*k are lined with busy toviis similarly 
engaged Port (Jlasgow, (iiwnock, Dumbarton, 
and others. Of the inland tomis, Coatbridge 
and Airdrie have mining and iron industries, 
and Paisk'y manufactures into thn^ad tho cotton 
brought across the Atlantio to (ilasgow. The 
eastern part of the coalfield, with fewer facilitie.s 
for obtaining raw Uiat4‘rial by sea, is less busy. 
Stirling makes tartans, rar}K*ts, and other 
wtKdh'ns, and Falkirk has eollieries, ironworks, 
and chemioal manufactures. The smaller coal- 
fields of Fife and Midlothian are on opjMjsitc 
sides of the Forth estuary. On the former, 
Burntisland and Kirkcaldy ship coal, Dun- 
fermline manufactures linens, and Kirkcaldy 
linoleum, I'he coast is ringed with fisliing 
villi^'s from Jnverkuithing to St. Andre^i's, an 
ancient ecclesiastical city and university. On 
the Midlothian coalfield the chief town is Kdin- 
burgh, the capital. It is built when* tho Pent- 
lanci Hills ajiproach the st'a, round a castle- 
crownt*d volcanic crag like that of Stirling. 
There is no road to the north till Edinburgh is 
rt'achtni, and it also guards the routes south into 
Enghvnd and wc^st to the ('lyde. It has a famou.s 
university and medical school. Among its 


industries paper- making, printing, and brewing 
are important. Ita port is Above 

Edinburgh is the great Forth Bridge across the 
estuary. In the neighbourhood of Edinburgh 
are collieries and oil shale works, and many 
paper-mills, worke<i by the streams coming 
down from the Pent lands. Fishing village^ 
dot the southern shore of the estuary. I>unba»^, 
at the base of the I.(ammormuir8, controls the 
route from England to Scotland round theii 
eastern base. 

The Southern Upland*. A line drawn 
from Dunbar to Girvan, on the Aj’rshire coast, 
marks tho northern limit of rocks older than 
tho.se of the plain, but voungoi than those of the 
northern highlands. I'hese form the Southern 
Uplands. The scenery is less pictuie.squc than 
that of the liighlands. Instead of bare, rocky 
peaks and precipices, the hills have rounded 
forms, and soil enough for coarse pastures, hare 
rock being seldom st^en. The four river valleys, 
of the Clyde, Nith, Annan, and Tweed, must be 
noticed. That of the Clyde has already l>een 
deHcril)ed. The Nith valley, at tho mouth 
of which is Dumfries, with woollen, iion, and 
leather manufactures, forms one of tho main 
routes lH‘lwoen Carlisle and (ilasg(nv. West 
of the Nith the hills are vild<‘r and the valleys 
more fertile. Kircudhrightsliire is famous for 
its heather honov. Salmon fisheries ore im- 
portant in th(' Solway Firth. Slu‘ep and cattle 
are kept throughout this region, the CJalloway 
cattle being a famous dair\’‘ breed. East of 
the Nith is tho Annan, giving a route to the 
Clyde valley. The railway crosses the divide 
at Keattock. in a sheep-farming district, with a 
great annual sale of Cheviot rams. The height 
at Bcattock is nearly 1,(KK) ft., and the sur- 
rounding hills rise to 2,r)()0 ft. East of tlje 
Annan route passes lead to Selkirk and the 
Tweed valley% which wddons in tho east to a 
considerable lowland. Its tributaiies — Ciala. 
Yarrow, Ettrick, Teviot, and others — drain a 
high, bleak region occupied by scattered sheep 
farms. The wool is manufactured in small 
towns in the valleys lielow — Peebles, Inner- 
leithen, Galashiels, Selkirk, Hawick, and others— 
all of which are important market toM-ns. Kuined 
ablM'VH, of which Melrose on the Twt^ed is the 
most famous, show' how long tliis district has 
lieen prosperous, and how' disastrous were the 
interminable English wars. .Many old keeps and 
l»order castles tell the same tale. On the lower 
Tweed are Kelso, the centre of a rich agricul- 
tural district, and Berwick, on the English 
border. The route from Carlisle to Edinburgh 
cnisses the Southern Uplands by the Liddel, 
Twet»d. (iala, and Esk valleys. That from Ber- 
wick skirts their eastern base. 


Continued 
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By ERNEST A. CARR 


'T'HE financial staff of n local authority is less 
* liberally n'munerated, on the whole, than 
that of the town-clerk — the branch we last con- 
sidered. Tlie explanatifm, doubtless, is that 
many subordinate positions in the accounts 
department are ordinary clerical afipoint men ts, 
whilst the toMTi - clerk's staff requirc‘8 spiK'ial 
training, only an expert b(‘ing able to }K'rform 
satisfactorily the duties of a commit ten* or 
eUn-tion clerk. Lc'ading financial |K)8itions, 
howt‘vcr, as we shall see, newl quite distinctive 
know h^ge and abiliti(*s, and afe corresfamdingly 
well paid. 

The Head of the Finance Staff. 

There is a good deal of diversity of practice as 
to the title and duties of the head of the finance 
staff. To quote a distinguished authority, who 
IS himself holding such a jKist in a jiromincnt 
county lx)rough, “ The chief financial officer of 
a cor|X)ration is styU*d either (.Comptroller, 
Treasurer, or Accountant, the duties of each 
Ikmuc of a somewhat similar nature*. The 
|K>sition of treasurer is, however, the statutory 
one, and the majority of corporations are now 
apjK)inting their leading financial officer in that 
cajiacity.’' In many instances the staff includes 
both treasurer and accountant, the first holding 
the senior rank. In some municipalities the two 
offices are uniU^fi in a singh* official ; whilst 
others, again, phu*e the control of their finance 
department under the borough accountant, 
and employ a member of a banking firm or the 
manager pf a bank as their nominal treasurer. 

Whatever his title, the chief f>f the financial 
and accounts branch holds a very responsible 
office. He is in general charge of the revenues 
and disbursements of his authority, such large 
sums passing through his hands that stH‘urity 
to the extent of £.‘),(KK) or £1(>,(KK) is usually 
n^quired of him. As expert adviser to the 
council on the financial side of their many 
owratiorw he has an anxious duty to |K»rform. 
Not only is he consulted as to the conduct of 
such matters as raising and extinguishing loans, 
issuing stock, and fixing terms and rates of 
interest ; the soundness or otherwise of im- 
portant municipal trading ” schemes, and the 
proportion of expense which these undertakings 
should bear, are among the grave questions 
on w’hich his opinion is of weight. He roust 
further be familiar w'ith the complex system on 
which municipal accounts, as a whole, art* kept, 
and the bookkeeping methods best adapted to 
the special needs of trading and other depart- 
ments. Tliese qualifications can only be ac- 
quired by a wide experience of municipal 
finance in all its branches. 

As already pointed out, no absolute distinction 
can be drawn between the treasurer and the 


accountant ; hut where Ixith offices arc st'par- 
ately held under the same local authority, the 
trt'asurv'r’s concern is mainly with finance and 
securities, the accountant’s with bcKikkcening 
and office chtH'ks on ex|H‘nditim*. In llicst* 
circumstances the former official holds the more 
distinctly professional appointment ; otherwise, 
the reouirements for cither jMisition an' pnu ti- 
cally iucntical, and wc may conveniently defer 
the diseuBsion of their (jualifieations in order to 
deal wdth iKith together. 

The Influence of Municipal Trad- 
ing. Wc have in considering elwtrical 

and gas (‘ngimM'ring and other appointments, 
that the last dtH*adi‘ or so has witnessed an 
asteninding developnu'iit in the eommoreial 
or “ trading ’’ ae-tivities of loeal authorities. 
During that js'riod the revenu(*s derived from 
public baths and wiish-bouscH, tramways, and 
the supply of muiiieipul t*lcctri(t light, gas, and 
water, liave increased by leaps ami bounds ; 
and there upjM'ars to U* every proK|M*ct of a eon- 
tinned increase for many years to come. 'I'he 
Iw'aring of this develo})ment on the finance and 
iweounts staff is too direct to be overlooked. 
In the words of tlie (*x|H*rt alri'ady cited, “ Thi* 
very large commercial undertakings which are 
now lading carried on hy municipalities through- 
out the country have, during the last few yi'iirs, 
materially im’reased the responsibilities of the 
finance department, and the iinportanei? of its 
work l>ccomes more and more manifest from 
year to year.” The growth of a department 
involves a greaU'r numln’r of highly paid offices 
m it, and thus affords increosisJ scojx* for ahh' 
memU;rs of the staff. 

Treasurers* Salaries. This fact is 
instanced hy the case of the Isindon County 
Council's chief financial officer, the (’omj)troUcr. 
So greatly has the work of his office mcr<‘ased 
during the past six years that his salary has 
advanced in that time frcira £1,150 to £2,(HK) a 
year. 'I’hc latU;r is an except ionally high 
figure, of course, though it is surpaswsj in at 
least one instance. 'Phe ChambtThiin to the 
(Aty (Jorporation, who acts as its treasurer and 
banker, n^wives £2,500 a year, rising to £3,(KK). 
It should Ixj added that he is an exception- 
ally able financier, having gaim^d invaluable 
experience by many years’ partnership in a 
great banking firm. Under less distinguished 
authorities the income of county and Imniugh 
treasurers varies considerably, ranging from 
£5(K) to £1,000 a year, according to the size of 
the local b^y they serve and the imfs>rtance of 
the works it controls. Deputy treasurerships 
are remunerated at alx>ut one-half or three- 
fifths of the salaries attaching to the principal 
posts. The treasurer to the Manchester 
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Corik>raiion m paid £1«000 a year, and his deputy 
£5(K). On the other hand, the treaaurerahip of 
a minor county wan recently advertised at as 
small a stipend as £25() yearly, which is probably 
the low-water mark for an office of that class. 


Municipal Accountancy. Where the 
accountant's functions are distinct from those 
of the treasurer, they may be summarisc^d as 
comprising the direct charge of the accounts 
staff, and a general supervision over the book- 
keeping in every other department, so as to 
safeguard the local authority from 1 osh<^ through 
oarelessnt^ss or fraud and to facilitaUr the 
periodical inspection of the accoimts by the 
Local Government Board auditor. It is the 
accountant's duty also to control the collection 
of moneys, and to frame from the various 
departmental accounts those (dal>orate financial 
sUitements which are necessary to disclose the 
posi tion of the county or Isirough as a whole. The 
work thus briefly indicatt'd is more complex than 
anyone who has not exploited the mazes of lyocal 
Government a<^counts would be disposed to 
l)elieve. Its profwr jwrformance nee^ some- 
Uiing like a gift for Hgiircs, os well as a close 
familiarity with munici|ial accounting methods, 
and inexhaustible patience and alertness. 

Owing chiefly to tlie difference of duties already 

I iointed out, accountancy [>ostH, as a class, are 
lilwrally repaid than treasurerships. They 
range in value from £250 to £1,000 a year, the 
latU^r flgun* In'ing rarely <'xctwdiKi, Further 
details arc affordtwf hv th<' following list of actual 
appointments of l>oth chief and assistant rank ; 


AccmtnfatUM : 

North urnbt^rland, £800. 

(^ity (accountant auditor), £025. 

Nottingham (.bvmty, £,‘150. 

Manchi^ter, £3(K) and £5(X). 

Holbom, £350. 

Wandsworth, £330. 

I.^yton. £3(K), rising by £25 lumually to £450, 
AcKm, £250. rising by £20 annually to £350. 
LongUm, £250. 

Assiston/s and : 

York, N. Riding, £250. rising by £10 annually 
to £450. 

London Water Board, £255, rising by £15 
annually to £3(K). 

Manclu'ster, £215. 

Holliom and Hull, £180 to about £250 each. 
Willesden (accountant’s clerk), £150 to £200. 


Training and Qualiflcmtions. Can- 
didaU« for county or borough treasurerships ore 
generally rt^quireJ to havequ^ifled as professional 
accountants, and to be thoroughly versed in 
municipal accounts and finance, as well as 
accustomed to iMDntrol a staff of clerks. For the 
municipal accountant the same conditions apply, 
except that in his case a professional diploma 
is not always insisted upon, vacancies teing 
filled by the promotion of experienced and 
deserving assistants or accountants’ clerks at 
least as often as they are advertised or reserved 
for admitted ** men. 

The shortest and surest route to a principal 
position of either grade is to enter as an articled 
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clerk the office of a borou^ treasurer or ac- 
countant who is a Fellow either of the Institute 
of Chartered Accountants or of the Society of 
Accountants and Auditors. These are the two 
general accountancy bodies whose diplomas 
carry most weight within the municipal world 
as well as without. Their examinations will be 
found fully discussed in the Clerkship and 
Accountancy course, and need not occupy us 
here. 

In this way the student, w'hilst gaining valuable 
experience in the practical side of municipal 
accounting, can prepare for the examinations 
admitting to the Associateship, and ultimately 
to the Fellowship, of one of the two institutions 
named. 

On the expiry of his articles he may look 
with some confidence for an assistantship, 
and later for a principal appointment. Such a 
direct road to promotion should on no account 
be noglecUd by the fortunate youth to whom a 
moderate premium and a term of service without 
a salary present no insupcTable obstacle. 

On the other hand, the same advancement is 
within reach of a member of the clerical rank 
and file who has neither means nor influence to 
smooth his path, and this fa^d constituU‘s the 
great counter-advantage of the fimnee branch 
as compared W'ith more highly paid departments. 
The post of liorough engineer, medical officer, 
or surveyor, for instance, is almost out of reach 
of those who are not sjiecially and expensively 
trained from the start ; but there is no reason 
why any aspirant for a leading financial post 
should not — with good abilities, a fair general 
education, and an aptitude for figures — attain 
his ambition whilst supporting himself through- 
out. 

Ooe Wny of Succom. It wdll be worth 
while to consider shortly the 8U»ps by which a 
clever lad may pursue from small beginning 
such a career as nas been indicated. early 
start is perhaps the foremost essential fbr success 
under these conditions. 

Years of practical experience are m^Hied to 
master the complexities of the many brandies 
of municipal accounting; and local authorities, 
finding tnat their best finance officials art* 
those who have been trained to the work from 
Uieir youth, are reluctant, as a rule, to appoint 
untrained clerks to these duties after the age 
of 25 at the latest. 

The ambiUouB youngster will probably gain 
his footing cm the first rung of the ladder of 
promotion between the ages of 15 and 18 by a 
position as office youth or junior clerk on the 
borough treasurer’s or accountant's staff. Here 
he must take every opportunity that arises to 
master the details of account-keeping, sup- 
plementing this practical training by evening 
classes in bookkeeping, banking, and commercial 
subjects. In this way he will ^ qualified for the 
post of office clerk or junior bookkeeper when a 
suitable vacancy arises ; and after a few years' 
further experience in that capacity, he snould 
be ripe for piximotion — either in the same office 
CM* by transfer — to the grade of chief bcx>kkeeper 
or accounts clerk. 



Meantime, it will be advisable for the budding 
acQOuntant to direct his studies towards obtain- 
ing a recognised qualification. We have swn 
that this is not an indispensable but, on the 
other hand, it offers no colossal difficulties, and, 
in view of the great value of a professional 
accountancy diploma when competing for a 
leading appointment, ev'en the hardest -worked 
accounts clerk should not neglect it for any but 
the gravest reasons. 

Of the two accountancy associations already 
mentioned, the Institute of Chartered Account- 
ants admits to its examinations only thase 
students who have served at least three years’ 
articles to a member. For such a self-dependent 
youth as we have in view, this is an ab^lutely 
prohibitive condition, unless his office chief 
should he himself a chartered accountant, and 
would grant him his articles on exceptionally 
favourable terms. 

The Society of Accountants and Auditors, 
however, accepts candidates, other than articlcKi 
clerks, who have serviKi a specified term 
of years (six for the intermediate, and nine 
for the final examination) os clerk to a municipal 
or other public accountant. The official who is 
resolutely seeking a professional status may. 
therefore, find it ex{>edient to take this Society’s 
final examination as H(X)n as possible after 
reaching the minimum age of 25. He must then 
wait for promotion to a principal clerkship before 
he is eligible for the Associat^'ship or Fcllowahip 
(A.S.A.A. or F.S.A.A.). 

'I’hcre cannot \x* two opinions as to the 
value of this qualification for municipal work. 
Tlie Secretary of the Society of Accountants 
and Auditors states that “ the post of l)on)ugh 
treasuw or accountant to the largo majority 
of the Iwroughs throughout the country is 
held by memlK*rH of this society, the diploma 
of* which carries a great deal of weight in any 
com|>etition for such an appointment.” A 
reference ,to the lists of municipal officials 
amply confirms this claim. 

The I.I.M.T.A. There exists, however, for 
the benefit of municipal officers alone, a some- 
what similar society, whose examinations are of 
especial value, since they are directed to the 
particular branches of accountancy with which 
such officials are concerned. This is the Incor- 
porated Institute of Municipal Treasurers and 
Accountants. 

Membership of this body is widely recognised 
as a proof of efficiency, many local author! ti(ts, 
when advertising a vacancy for a treasurer or 
accountant, accepting that qualification equally 
with the F.C.A. or FS.A.A. diploma. The 
young student of local government accountancy 
will, therefore, probably be attracted to an 
I.I.M.T.A. certificate in preference to those of the 
other two bodies named. The examination sub- 
jects, fees, and other particulars, are set out in 
the accompanyng schedule. Examinations, both 
preliminary and final, are held yearly. The 
centres are determined after all applications are 
received, but always include London and one 
Northern towm, at least. The scope of these testa 
is thus defined by the regulations of the Institute : 


OIVIL aillVKMI 

“ The preliminary examination is designed to 
ascertain that candidates have a practical 
elementary aoquaintan^ with the buHin(»ss of 
the finance department of a municipal corjKira- 
tion or kindrt^d authority. 

“The final examination is of an exhaustive 
'character, and is dt'signed to test the knowU^dgr 
of candidates in the whole range of municipal 
finances and the law relating thereto.” 

Having attained this, or on equivalent oertiti- 
eate. the former office youth should find himself 
in the position of chief finance or aiidit clerk, or 
assistant accountant, and is fully qualifitnl for 
an accountancy projHT. Tf he is fortunate, 
08 w'cll as able, he need not have long to 
wait. 

Age Limits. Many chief a<icountancy 
ixisitions are held by young mt^n of less than 
Ik). One such pt'wt in a busy London borough, 
at a oommencing salary of £.'150 a year, was lately 
won by a public accountant of 31 ; and that at 
Acton (shown in our list) wtis restricted to candi- 
dates bt'twcM'n 28 anil 35 years of age. More 
usually, however, the iipin^r limit is extendiMl to 
40 or Ireyond. 

The }M^Ht of professional auditor, it may Ik* 
mentioned in passing, is generally h(*ld by an 
accountancy finn in ])rivate practice, wdin pro- 
vide thiMr own staff of ebuks for the audit, and 
are })uid by fees varying from a hundred guineas 
to nearly t<*n times that sum. 

Rate Collector. For tbi' office of ratc^ 
collector, no particular quiiiifi«'ation is pre- 
scrilxHl. The only essentials are inti'grity, exaet 
liookk(*eping, and a general knowli'dge of the 
way in which rat(‘H an? made and recovered. 
Applicants are not rest rioted to any one depart- 
ment, and, indei'd, are sometimes appointed 
without previous municipal exisTionce of any 
kind. The la^st training, however, is afforded 
by a clerkship on the rating staff, and from this 
class the ranks of the eolleetors are largely 
recruitid. Tht?se offiirers must reside within the 
district for which they are appointed, and must 
provide an office and safe. They are* usually 
required te) undergo a medical examination Ix’fore 
appointment, and to give sex’urity for their 
honesty. Their duties are monotonous, and 
e>ccasionally distastefful, but considering that no 
speH'ial knowlidge or training is nciceJed for the 
pe)st, they are well paid. TTie methid of re^- 
muneration varies ; some^time^s it is a fixed, and 
at others a progressive stifK^nd, whilst the income 
of some collectors vanc*s with the numlxT of 
assessments on which the rates are recovered. 
For the smaller districts, £1,50 to £200 is the 
usual salary, and for the larger areas £250 to 
£350, and sometimes £400. TTie City (Corpora- 
tion pays its chief colle^ctor £500 a year, ana this 
is sometimes exceeded, a suVmrban official having 
lately refused an offer of precisely that fixed 
salapr in lieu of the ijercentage he at present 
receives on all sums collected. But although the 
rate collector is well remunerated, he has rarely 
any prospects of further advancement. ” Once 
a collector, always a collector,” is an axiom of 
the service. 

CofUinued 
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OlVIl. SKIIVIOS 


MUNICIPAL TREASURERS AND ACCOUNTANTS 

Examining Body. 
Time. Grade. Plsce 
of Examination. 

SlTBJECTR OF EXAMINATION. 

r 

Fees and Age 
Limita. 

PRKUMIKART. 

1. Accountancy: 

BiKfkkeeping and acc<innts of local authorities. 



JxM'al authority finance : auditing (rate collection. U>lls. etc. ). 

Arithmetic and algebra. I 

2. Law: 

£1 is. 

iNKTITrT* or 

(irneral principles affecting municipal treasurers and ac.cf»untants, 
including statute and common law. real and i»ersunal prtjperly ■ 

8ee note. 

MtTNiniFAL Trea- 


RtTREKR AND AC- 

mortgages, deeds, agreementa. etc., contracts, local raU*. duti<« of 


OOUKTANTH (iN- 

overseers, borrowing and rating under certain statutes 


CORPOKATKD). 

Note.— ^'andidates must have served three years in finance department of 
municipal or kindred authority. Successful candidates become student 
incmiicrs of the Institute. 


Final. 

1. Accountancy: 



Bookkeeping and accounts of local authorities, including material ami 

£2 28. 

Each June at 

sGircs. loans, sinking funds, dcprceiatum and r«tscrve funds, etc-.. 


t%FO (or more) ren- ' 

trading undertakings, education, abstracts and baiaiice-sbeets. 


tres~e»>.. lA>ndott 1 

2. Local Authority Finance : 


gnd in Norttiuf 

Estimates for ratiw. assessment and rating, cafital expenditure. 


England. 

revenue and lucoinc. and expenditure. iKtrrouing iKjwors, income tax. 

3. Auditing: 



Audit and rherk of accounts in finance and other departments. 

Hoc note. 

i 

♦. Law: 

Muniripui (drporafioiis Act. Public Tlealtij Arts, Loral (bncrninrnt 
Arts, ctr. Duties of overseers, making and enf(»rrlng rates, audit of 
iireounts (a) audited by liocal tiovernment Board auditor ; {b) not 

S(j audited ; inortgagi'S. deeds, agreements, etc. 

Note. — Candidates must Im* Associates of tin* Inslltub*. (»r«)f the I.C.A. or 

M. A.A. . or Student Menil>ers of two years’ standing. r*r. if they lone 
servcil five years in finance department, of one year’s standing. 


MEN CLERKSHIPS. LONDON COUNTY COUNCIL 


K\fttninln )2 Itridy. 
Tlni»' anti I’Ijmt 
of KxntuinHtlon. 


HrHJKCTH OF EXAMINATION. 

I’ai«t I. CandUUten hoUIin« certain matriculation or other certlflcatcd 
arc exempt from thin te»t. 

Part 11. Slmrthaml alw^ may be taken a* a nou-oomp<'tltive. hut n»''fnl 
nuhject |»oe lA'tterpreMj. 


Part I. Preliminary (Two dayn). 

i: JlrtKph? I 'f""' p*'’"" *• 

:i. Emtllnh <’ompo«ltlon (Kway writing). 

4. Arithmetic : Frncthm*. declmaU. cube root and menRuration. 

6. Kiigilih Hiat^ry, Including n Rpecial perlcxL 

<t (ieoftraphy. IncuidluK the I’nlted Kliiudom and another Bpecial (tection. 

7. Euclid, Pooka I.-IV.. ard VI. . or ei|uivaleut Keometr>. 

N. Algebra. t.o Idnumial theorem. 

9. Plane TrUioiiometry (excludlnu analytical^ : aolution of trianuba. 

Note. All aubjwta are compulaory. Special importance la attached to 3 
and 4. 

Part II. Competitive (.Six daya). 

1. (tenoral Knowledge (r(mp»/»orif). 

Jup/our of' th*’ /olhunttff matt almt Itt takm 

2. KiiRliah language and Literature : Including eaaay and apecial hooka. 

3. Pure Mathematbv : <i. ) higher algebra , (11.) higher trigonometry and 

geometry, differential and Integra) calculus. 

4. Applied Mathematica : including analytical atatlca, particle dynamics, 

and hydrostatics. 

6, and (k Modern l.anguages (two) : Translation from and into, accidence, 

and pronunciation. 

7. Latin : Trauslation from and into, accidence and syntax. 

H. English History, including a special period. 

9. Economics : thtnyry and liistory. itollcy of tariffs, etc, 

10. (lutiines of Local Government : funcUousof authorities, rates and taxes. 

11. Elements of Ki^Usti Law ; ooustitutional law, eontrseta evidence, etc. 
IS. Experimental l^iianics : constructiou and use of apparatus, proofs of 

meidianical principles, etc. 

15. Experimental iMiysics . laws and phenomena, laboratory methods for 

simple physical measurementa 

14. Clietnisiry, practical and theoretical. Including metjUUc chlorides, nitrates 
and sulphatea compounds of iron, sodium and potassium, etc. 

16. Bookkeeping and Accountancy, including nature ana use of office books. 

prinnples of double entry, etc. 

Nota. In subjects 1. t. 5. A. lS-14. the exunination is both written and oral. 


Tiif Lonuon 
Poi nty Pot'Nrii.. 
•Spring (•ardens. 
S.W. 

When requisite, 
usually two or 
three times yearly 
Part 1. at several 
London centres, 
Part 11. at (»ne 
sucli cHUitrc. 


P'ees and Age 
Limits. 


IS to 23 years. 


18 to S3 years. 


prindples of double entry, etc. 
NoU. in subjects 1. t. 5. «. lS-14. the 


Full particulars, with a detailed syllabus of subjects, can be obtained from the Clerk of the London County 
nciU Spring Gardena. 8. W. The papers set at past contests are supplied by Messrs. P. 8. King and Scm. 


Council. Spring Gardens. 8.W. Th 
2. Great Smith Street. Westminster, 
in the leading London newqjapers 


The papers set at past contests are supplied by Messrs. P. S. King and Scm. 
>er. S. W\. at 6|d. per set. post free. Approaching examinations are advertised 
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THE SEDIMENTARY ROCKS GEOLOGY 

How Sedimentary Rocks were Produced. Sandy and Clayey Rocks. 5 

Limestones. Coal Volcanic Rocks. Metamorphism, Schists r,..,,, 


By W. E. GARRETT FISHER 


have already aeen quite clearly that the 
igneouK rocks are the oldest constituents 
of the earth’s crust. Since the earth once 
cxi8t<»d in the form of a nebula, or fiery cloud 
of warring atoms, and cooled by suceessive 
stages into the planet which w'c now inhabit, it 
is perfectly evident that thert^ was a time 
W’hen its surface consisted solely of igneous 
roc'ks — granites and basalts, and their alliiMi 
families. But at prescmt the most casual 
obstTvation tells us that this is no longer the 
case. 

Se41mentary Rocks. Tlie surfnee of 
th© earth is mainly covered with what we call 
soi7, the product of disintegration of hard 
rocks by atmospheric and other agenci(*H. 
I'his layer 8iij)fK>rta all life on the wrlb. 
l>ecausci it brings forth vegetation, and so 
f<H?d8 animals, and, dircictly or indin^ctly, 

mankind, rndemeath this we find a aubMoil 
of very varying foniiation, if we examine it 
by driving a shaft or a borehole, or by studying 
the sections of the cnist which are miule by 
natural cliffs, as on the st'a-coasl, or by artificial 
cuttings for a railway line or a quarry, Some- 
timt^s the soil lies on the top of what we can 
rtH'ognise as an ign(‘ous rock ; sotne of the 
most productive of Italian vineyards, for 

instance, are separated by only a thin layer 
of rich soil from the lava of a volcano. But 

njore frequently the subsoil proves to l)e 

different from any of the igneous rocks that 
we have studied. It is non -crysUil line, is 
arrangtKi'in definite layers or strata^ and con- 
tains fossils, or relics of vanished forms of life. 
By all three characteristics, or by the tw'o first, 
which are ofUm present without the third, we 
then dwide that this sulisoil is not an igneous 
but a sedimentary rock. In other w'ords, it 
must be a product of later growth than tint 
igneous rocks ; for as the whole of the crust 
was once imieous, the sedimentary rocks must 
have be<m derived from these, whence they are 
sometimes called deritxUive or strandary rocks. 
In later chapters we shall have to study the 
processes by w^hich the sedimentary rocks have 
been produced. First, however, we must make 
acquaintance with their varifius characteristics 
and the families into which they may be divid(*d. 

How Sedimentmry RocKo were 
Produced. The claasiffcation of the sedi- 
mentary rocks is much simpler than that of 
the igneous rocks. They are far less varied 
and complicated in structure than those from 
which they are derived, partly l>ecause the 
natural agencies which have broken down the 
igneous rocks into these secondary products 
m less powerful and consequently less sweep- 


ing in optTation than the agencies of hiMit. 
chemical action, and prcs.sure which havi* 
productHl the ignt'ous roeks. Tlu' latter w-ere 
eompoundi*d in the grmt lalK>ratory of Natim', 
in the molten interior of tlu^ planet ; the former 
eame into existence on the earth s surface under 
the mildcT influence (»f rain, sea and rivers, 
frost and iee, wind and weather. It is (juite 
natural tlint thi*ir forms should 1 h> h'ss eomph*x 
and their origin easier to comprelicnd. We 
shall sc*e latter how^ they were produe(ui. It is 
enough to say hero that they have all been 
formtul t»f fragments broken from igneous rocks, 
and deposiUni in layers. This was giMU'rally 
due to the action of water, in which th<*y were 
mwhanicallv mu s pended ~\iko th(‘ iiuid in a 
brook that runs dark and turbid after heavy 
rain -orch(‘mi(‘ally like the salt in the 

8(m. They are, in fact, the detritus of Um' earlier 
w’orld, the hroken-ijown n*lics of the pnmitivi' 
igneous rocks. A possible way of classifying 
them W'ould lie according to tbi* nature of the 
agency which broki* down tin' older rocks and 
rearrangfKl them, as follows ; 

{a) *iColian rocks, produced by the action of 
wind, like the vast U'ds of loess which form 
some of the most fertile tracts of ( ’hina. 

(/>) Aquemis rocks, fornuKl by the agency of 
water. These form mucli thc' largest group, 
and may Ik^ sulKlividcd, according to wmdhcr 
the fragments have heen (hquisited from a 
condition of m(‘chanical KUH[»(‘nsion in the 
waUT — sandstone and shale -(»r have heen 
crystallised from a solution — rock salt and 
crystalline limestone. 

(r) Organic rocks, formed by thf‘ action of 
life, like coral, chalk, and many limestones. 

{d) Volcanic rocks, or Tuffs, whicli result 
from the breaking up of lavas and their ejection 
in fragments by volcanic eruptions. 

ClaMification of Sedimentary RocKa. 
Tliis classification deserves notice, as it gives 
a preliminary idea of the methcnls by which 
the sf^dinnmtary nx’ks were formed. But it 
is not a very good one, os the examphm namt^d 
w ill show. Are we to classify chalk, for instance, 
as an aqueous or an organic rock ? It was ail 
laid down hy the waUT of the H#ra, in which its 
constituents w'cre once floating. But it is also 
mainly compo8f*d of the remains of innumerable 
tinv creatures, which formed the calcium 
carltwnate of the sea ,w'atev into shells and 
skeleions. Probably the most convenient 
classification is that w^hich depends on the 
chemical composition of the rocks. We find 
1^ investigation that the sedimentary rocks 
are far less complicated in this respcMit than 
their igneous ancestors. The great majority 
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of them are composed maioly of one of four 
minerals — saad, clay, lime, or carbon. According 
to the prevalence of one or other of these 
substances, we may divide the sedimentary 
rocks into four great families : the arenaceous 
or sandy, argillacefms or clayey, calcareous or 
limy, and carbonaceous or coaly rocks. A fifth 
class is necessary, indeed, to contain the few 
sedimentary roegs which refuse to fall into 
one or other of these families. But that only 
shows that Nature declines, here as elsewhere, 
to work according to the strict logical distinc- 
tions of the theorist. 

A short account of the chief sedimcntaiy 
rocks with which the geologist has to familiarise 
hims<Btf may now Iw given. It should be 

3 1ement^ by reading one of the fuller text- 
8, and by examination of actual specimens 
in a museum and in the field. 

Arenaceous, or Sandy, Rocks. These 
are composed mainly of sand, which is simply 
an aggregate of tiny fragments of quartz — 
pure silica— more or less round<‘d. anrl not 


In other cases the separate particles are held 
together by a hard cement, or matrix, w hich may 
be hardened sand or clay, or chemical cement 
precipitated from solution in water. The 
numerous varieties of sandy rocks owe their 
countless differences to the union of different 
kinds of particles by different kinds of cement. 

Sandstone. Sandst me [20] is a rock formed 
of consolidated sand, held together by its owm 
coherence or by a cement, which may be of 
iron oxide (which gives its colour to most of 
the red sandstones), of clay, of carbonate of 
lime, of silica, or other material. Thus, wc 
have ferruginous, argillaceous, carbonaceous, 
siliceous, and yet other sandstones. If the grains 
of (sand arc somew hat coarse and angular, so 
that the stone, when broken, feels very rough 
to the touch, it is known os Gritstone. 

Oreywackc is the name given to a particularly 
compact and hard sandstone, of a prevalent 
grey colour, which is the hardened muddy sand 
of very ancient sea-floors. Flagstone, used for 
pavements, is a sandstone which splits into 


Iwund together by any 
cement. We are familiar 
with it the sea-shore, 
on the margins of lakes 
and rivers, and by hear- 
say, as the soil of vast 
desi'rts in drier parts of 
the world, lliis sand is 
the d('-»bris of quartz rocks, 
granite, etc., caused by the 
wear and U'ar of ages. 
Hometimes the process has 
not IwtBn carried so far, and 
instead of sand we have 
grax'el or shingle, such as 
collects at the j>ond of a 
river, where the cum*nt 
runs less sw'iftly and so is 
unable to drag it further 
along. It is iiiiftossible to 
assign any limit of size 
Iwyond w^hich these diSbris 



29. RIPPLK-MAEKKD SANDSTONE 
From Wesldon 


thin flags along the planes of 
l»edding or stratification. 
Freestone is a sandstone 
wdiich can be cut with 
equal ease in any direction, 
and shows no such tendency 
to split up. 

Conglomerate. Tliis. 
popularly known as 'pudding 
stone [80], is a rock in 
which the sand is replaced 
by gravel or shingle, held 
together by a cement which 
may consist of hardened 
sand or clay, or of the 
materials mentioned in the 
last paragraph. The rounded 
pebbles, which give chL- 
racter to the conglomerate, 
may be of quartz granite, 
limestone, or many other 
rocks. 


cease to lie dt^bris and have to be considered 
ns part of the original rock ; hut one may 
say roughly that sand consists of particles 
ranging from the size of a small pea down to 
impalpable pow'dcr, gravel of particles ranging 
from a pea to a walniit in size, whilst shingle 
may range from that up to blocks a foot or more 
in diameter. Further, a distinction has to be 


Breccia. Breccia [ 81 ] is a rock in which 
the pebbles, instead of being rounded, as in con- 
glomerate, are angular. The real distinction be- 
tween the two is that conglomerate points to the 
action of winter, w’hich always tends to round 
pebbles exposed to its action, and bnn'cia to 
atmospheric denudation (such as forms cliff 
screes and glacial moraines), which loaves the 


drawn, in nractioe, betwinn rounded sand and 
pebbles suen ns are found on a sea-licach, where 
the waves have been grinding the particles 
against one another till all comers are worn off, 
and ai^ular fragments of more recent origin 
found in a quiet spot. 

The various forms of quartz detritus known 
as sand, gravel, shingle, and pebbles form the 
raw material of the chief sandy rocks. They 
are again united into a solid rock in two ways. 
The more pressure of the superinoumbent 
strata is often sufficient to consolidate fine 
}>articles of sand into a coherent mass — just 
as powdered graphite is squeezed in a hydraulic 
press until it forms the solid lead foi our penoOs. 


fragments much as they were when broken off 
by frost or other w'eathering influences. 

Argillmceoutt, or Clayey, Rocks. 
These are composed of fine argillaceous sedi- 
ment, derived from the waste of rocks, especially 
of granites and other rocks which contain the 
felspars as ingredients. Clay itself is a hydrated 
silicate of alumina, which is a product of the 
decomposition ot felspar. It occurs in many 
varieties with differing compositions, of which 
baoUn or china day, pipe-day and fire-clay are 
wrell -known exampW Bnck-day is a name 
industrially given to the coarser clays. Loam is a 
mixture of clay and sand, which provides an 
exceU^t soil W many kinds of vegetarion. 
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XoeM, again, t« a clay which has been accumu- 
latod probably by wind-drifta to the depth of 
hundr^ of feet in the great river valleys of 
Qiina, where it plays an important part in agri- 
culture. Boulder -riayt or <iW, is a stiff, sandy 
clay, full of boulders of all sizes, which is found 
only where ancient glaciers 
once ground to powder all 
but the hardest fragments 
of rock, and in which these 
surviving fraipnents are still 
found embedded. All these, 
it will be remembered, are 
rocks in the geological, 
though not in the popular, 
sense of the word. 

Under pressure of over- 
lying strata, ancient clays 
have hardened into coni pact 
roeks. Mud-M<me is the in- 
termediate stage l>etw'e<"n 
clay and rock, in the jwpular 
sense. It has no tendency 
tx) split into plati^s, and is 
easily rublKHl dowTi into mud 
with the aid of water. Shale 
is a general term given to any clayey rock which 
splits easily into thin layers ; there are countless 
varieties, according to what other maU*rinl — 
as iron pyrites, sand, limestone, or carbonac^^ous 
matter — Iiappens to be present with the clay. 
(Hl-shalea are used in the manufacture of 
(>araffin. Slate is a hard, clayey rock which 
splits into thin, regular plates along its cleavage 
planes, which art^ not necessarily the same as 
the bedding plant's that represent the original 
surfaces of stratification. It is much employed 
in buildings, owing to this convenient property. 

Calcareous RocKa, or Limestonea, 
Thwe consist mainly of calcium carbonate. The 
purest example is chalk [82], a soft rock which 
often contains mon* than 90 j)er cent, of calcium 
carljonate,. It is composed of the shells and 
skeletons of minute organisms which once lived 
in primeval seas, from 
whose waters they ex- 
tracted the calcium car- 
bonate, which they built 
up into wonderfully 
b^utiful, though micro- 
scopic, structures, which 
fell dowm to the sea- 
bed when the organisms 
died and rotted, ulti- 
mately forming deposits 
of hundreds or thou- 
sands of feet in thick- 
ness during the lapse of 
geological ages. 

By far the larger number 
of UmeMones are simi- 
larly of organic origin. 

Th^ vary in hardness and in chemical com- 
position so widely that it is impossible to give 
any account of their varieties. It must be 
noted that in many cases limestone, though a 
tow sedim^taiy rock, presents a crystalline 
structure, since it is soluble in water — especially 
L 



80. C^>NaLOMKRATB, OU riTDDINO STONK 
From Woolwich and Reading Bcdi 



if carbonic acid be present —and may cr>Titallise 
out if it is again deposited from this solution. 
Marble, ns we sUnll see later, is a limestone 
which has be<*n crystallised by heat, and In'Iongs 
proj^rly to the section of metamorphic neks. 

Tlie mo^estan limestones, or mlomites, are 
an important class of cal- 
cnit'ous rocks, which consists 
of a mixture of calcium car- 
bonate with magnesium car- 
bonate. All limestones have 
the important profK'rty that 
when they are heat-tnl, or 
“ burnt,” the carbon dioxide 
(CO.j) 18 driven off as gas, 
and quicklime (CnO) is left 
U'hind [sw Uiiemistry]. 
They are easily rt'oegnisixl 
by the fiu't that th(*v 
effervesce when acid is 
dropped on them, carUm 
dioxide lieing again given 
off and forming Imhhles in 
the acid. 

Among calcareous rot'ks 
we must note those contain- 
ing phosphate of lime, which arise cliiefly 
from organic sources, an^ are valuable for their 
ust^ as fertilisers. These include ffuano, hone- 
breccia, phosphatic chalk, and the coproUtes, or 
fossil excrement, which often occur in whole 
lieds. Geologically these arc of little imp<jrUince, 
save as tearing w itness to the earlier forms of life. 

Carbonaceous RocKe. (Vrl>onaceouH 
rooks have almost all l>een dcrivwJ from the 
decay of vegetabh' matter, 'Diey play an im- 
portant part in human life as the chief sources of 
heat and jiower. IndmM:f, there is no rock, with 
the pos8il>le exception of the flint which first 
taught man to make himself tools, that has had 
so much influence on the course of human 
civilisation. Peat is the most rtKient form of 
carl)onaceoii8 rock, and can easily lie recogniwd 
lis recently (l(*caycHl vegetation, found chiefly in 

pla^H^. Lignite, 
or hroum coal, is a more 
advanced stage in the 
mineralisation of veg»v 
table matU*r, and oc!ours 
in strata more recent 
than those of the coal 
meaaures. Coal is a true 
rock, which contains 
75 to 99 pc'r cent, of 
carlKjn, along with oxy- 
g<»n, hydrogen, and 
nitrogen — the chief 
organism • building ele- 
ments — and with impuri - 
ties which are left as ash 
when the coal is burnt. 
For a special account of 
the numerous varieties of coal, with their special 
uses, the reader must consult the course on 
Wc need only mention anthracite, 
which is the most completely mineralised form 
of coal, and contains over 90 per cent, of carbon. 
The volatile cooatituents have been expelled 
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from it, probably by the near approach of in- 
Uimive volcanic rockn, so that in a sense it is a 
meiamorphic rock. The valuable Welsh stextm- 
coai is a form of anthracite. Pdroteum^ which 
may be termed a liquid rock — as mercury is a 
liquid metal — at ordinary temperatures, is also 
a product of decayed vegetation, possibly due 
to the dcstnictive distillation of coal under great 
pressure in the lower strata of the crust. Asphalt 
IS probably of similar origin. Oraphite occurs 
in large masses in places as far apart as 
Cumberland and CVylon, and must lie named 
under this head. Its or'gin is not clear, but it 
is known to Ikj practically pure carbon, and 
may thus rank as the last sWp in the altera- 
tion of vegetable matter. 

Other Sedimentary Roclie. There 
are a small numbcT of sedimentary rocks which 
have found no sfiace inside this classification, 
but must Ik^ mentionc^d in the course of such a 
review. 

SiliCfjms Sedimentari/ 1t(tcks arc of organic 
origin, and con- 


sist of the shells 
and skeletons of 
marine organisms 
which chosi* to 
build their frail 
housf*s of silica 
rather than of 
limes tom*. Ibe 
most imiMirtant 
of these is ffini 
1 88], which is 
practically pun* 
s i I i (' a , partly 
amorfihous and 
partly crystal- 
line. It is found 
in nodules, 
usually disfH'rsed 
thniugh the chalk 
strata. It is l»e- 
licved that these 
nodules or lumps 
wen* formed by 


r 


/I) 
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the chemical cfeposition of the silica of the 
sea-water aniund the nuclei afforded by the 
. siliceous skeletons of dead sponges or diatoms. 
The gn'at iinfwrtance of flint from a human 
point of view lies in the fact that; though 
intenst'ly hard, it can easily be chipped into 
shapes witli sharp edges, ^d so lends itself 
more readily than any other material to the 
manufacture of primitive cutting instruments 
[84 and 86]. It is not too much to say that 
the whole fabric of our 'civilisation is based 
on flint 

Cry atml tine Sedimentary RocKe« 

These, though not very common, do occur. 
We have seen that there are two u-ays in which 
a mineral mav ci^tallise — either by cooling 
from a state of fusion, or by precipitation from 
a solution in water or other liquid. Diamonds 
are undoubtedly formed in the latter way, by 
the crystallisation of carbon which has been 
dissolved under great pressure in molten iron. 
Koeksait^ which is found in beds hundreds of 
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feet thick, and often assumes a crystalline 
structure, is clearly the relic of ancient seas or 
salt lakes which have gradually dried up. 
Limtstone is often found in a crystalline form, 
due to the fact that it has dissolved in water 
containing carbonic acid gas, and has again 
been deposited in crystalline form. Travertine^ 
or calc -sinter, is thus deposited by calcareous 
springs, while the stalactites and stala^ites of 
limestone caverns are of similar origin. 

Volcanic Fragmental RocHa. Vol- 
canic fragmental rocks, or tuffs, though not in the 
strict sense of the word sedimentary rocks, are 
usually included in this family. They consist 
of the materials ejected from volcanoes other- 
wise than in the form of lava. They vary in 
size from txylcanic b<nnJt)s, often several feet in 
diameter, to the impalpable volcanic dust, which 
floats in the air long afte^ an eruption and slowly 
settles down on the earth, where it becomes 
stratified just iis if it had l)een deposited by water. 
IV>Zcanir tuffs are rooks formed of this kind of 

detritus, fine or 
I coarse, which 
vary, according 
to the nature of 
their materials, 
from a coarm* 
volcanic congUt- 
merate to a finc- 
grained rock 
Tliey are found, 
of course, only in 
the neigh lx)ur- 
hood of ancient 
volcanoes, and 
usually shade off 
into true sedi- 
mentary forma- 
tions. 

M etamor- 
phlc Rocks. 

There is a third 
class of rocks 
which are neither 
igneous nor 
sedimentary — that is, these rocks are no 
longer in the original state in wbich they 
solidified from the molten core of the earth's 
crust, nor yet have they been broken down 
and arranged in strata by the action of water 
or atmospheric influences. They have, however. 
undoubWly been altered from the condition 
in w'hich they were first produced, and accord- 
ingly they are described as metamorpkic or 
altered rocks. 

Their present state bei^ witness to the action 
of many and various agencies of change. Some 
of them are igneous rocks which have assumed 
a false stratification in consequence (probably) 
of the pressure of superincumbent layers or of 
pressure exerted from the side by the great 
deformations due to the shrinkage of the 
earth's crust and its consequent wTinkling into 
mountain ranges. Others are sedimentary 
rocks which have assumed a false ciystaUine 
character through the action of heat, usually due 
to their coming hi contact with intrusive floods 
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88. NODVLE OF FLINT 
Showing iml>cdded hnwll 


of molten 
lava wel- 
ling up 
from be- 
neath the 
aurfaee — 
f o « tact 
meta mor - 
p h i ft m . 
M a rhlc , 
for in- 
stance, ift 
a meta- 
mo r p h ic 
rock which 
ift now 


rr>*Ktalline. It was once RCKlimcntarv limestone, 
which has l>et‘n meltecl under 
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tend to rearrangt^ themsidveft »o that all their 
longer axes lie in the same direction— just as 
the dates which have Ix't'U sqiieexwl into one of 
the lumps familiar in all groet*rs' Hhojis an* found 
to lie practically all in one dirivtion. It is 
this rearrangement of the w'ptirate cry'sfals 
which produces a false apiJcaranoc of stratifica- 
tion in the metamorphic riK'ks. 

Schists. A crv'stalline rock which hivs thus 
obtained a stratifitHl structim' as the result of 
pn*88urc ift kno^im as a ftrhist ; it is often sjK)ken 
of as Ixdng jtHialeiU rather than stratified. A 
schist may also lx* the product of heat or chemical 
action uf>on a ftedimentary rock, which gains a 
crystalline character without losing its stratifitHl 
appearance. Practically all metamorphic rocks 
owe their origin to one or other of these causes. 

'Phe Schists are almost ns 


gn*ftt [)reHsurt> and has cry- 
stalhwHl m ctxding. If wt* 
heat limestone under the 

normal conditions which ob- 
tain at the earth's surface, 
It din's not melt, but the 
carlsm dioxide passes off as 
gas, and lime is left Isdund, 
as occurs in eviTV lime kiln. 
Hut if tb(‘ iiinest^ine be 

enclosed in a st<H*l chamln'r 
so strong th.it the pretwnn* 
of the t'scapintr gas cannot 
burst it, it IS possible to 

melt it, and to pnxIuiH* a 
kind of marble in our laUira- 
toru's, so illustrating the pro- 
cess by which marble was 

naturally priMbici-d when vast 
mftH.>H‘s of lim(*st<inc sank 
down far iKncath the earth’s 
fturfiu’c and were cxfKwxHi to 
the, central firt's under the 
immenst' pn*ssure of miles of 
HuiM*rincumlK‘nt strata. 

Fal»e Stratification. It 
is not neeeftsary to enter into 



34. l AL^OLITHIO INSTRUMENT 
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niinuTous as the ftedimentary 
and igneous rfX'ks from whic)i 
they are diTivinl. Thus wi^ 
have rial/ .schist and t/uartz- 
schist, whitdi an' both erystal- 
lino forms of elayi'y and 
Handy sedimentary rockft. while 
quartzite is a still more 
thoroughly erystalliHiHl sand- 
stone. Schistose ronqloni crates 
are conglomernti’s in which 
proHHun' has produced a ImhUJihI 
struct uri' hy the arrangement 
of the |Hd)l)U‘s into layiTs. 
Cn/stalline Hvivstoue and 
marble an* also of sedimentary 
origin. (Jabbro-srhist, horn- 
blemle-schisf, mica -schist and 
th(' lik(‘ need little explana- 
tion, dneiss is the b-rm applunl 
to thi' coarse schists which 
present (haraeti'rs n*seml>ling 
thoMi* of granite, some of 
which an* volcanic nx^ks which 
hav(' fw^quired a fttratiliinl 
chanicU*r hy altcraiion under 
pr(*ssun', whilst others are 


a detailed account of the various m(“tamorphic sedimentary rocks which have Is'cn crystallistHl 


i*ocks, which can bt- arranged in a long series, 
where every term shades into the next one, from 
the argillaceous schists clost'ly resi'mhling slab's 
to the gneisses which can often lx* distinguished 
from granite only with difficulty. It is 
enough to say that them* rot’kft are in general 
characterised by a double Bi't of qualities 
which stamp them as intermediate between 
igneous and sedimentary rocks. They an* 
crystalline, and they are arranged in layers 
or strata. Close examination b<*trayft a ty|>ical 
distinction between these strata and thow 
which mark the true sedimentary or stratified 
rocks. In the latter case the strata, or bed- 
ding-planes, indicate the successive layers in 
which these rocks were deposited by water 
or other agency. In the metamorphic rocks 
the stratiheation is produced in quite a 
different way. It is found by experiment that 
if a mass composed of crystals be subjected to 
powerful and long-continued pressure in a pm*- 
ticoUr direction, the crystals which compose it 


hyheut. Tliis shows 
very prettily how' 
diametrically op- 
pf)fted histories can 
end in nearly the 
same rcniult in the 
great lalxjratory 
of Nature. 

We shall now pass 
on to the second 
great division of 
gcHjlogieal study — 
phystexU geology, or 
the examination of 
the agencies at 
work to produce the 
sedimentary rocks 
which now cover 
the gn^ater part of 
the earth, and give 
us our soil. 

Continued 
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By JOSEPH G. HORNER 


The Two Kinds of Liquids. Matter 
cxbtH in thr(»e formH — Holid, liquid, and gaafous. 
Li((uidH and ganeH have no definit4‘ Khap(\ and 
cannot, like Holidn, re«iHt the action of forces 
imprtjHHcd ui)on them. They are therefore railed 
“ Hu ids.” Hydrostatics ((Jr. hydro — water, 
statikofi ■ static, or standing), strictly speaking, 
deals only with non-elastic fluids — t.e., liquids. 
Water is so sliglitly oomprcssihlo that a pressure 
of 22 atmoHpher(*s (.’124 Ih. f)er square inch) 
merely diminishes its volume by a thousandth 
part. There are widely varying degrees of 
rtwisUnoo to change of shap • among liquids. 
Water, chloroform, and alcohol move very 
frwly and are called mobile liquids, hut oil, 
tar, pitcli, treficle, and honey move very, very 
leisurely, and are called viscous liquids. As this, 
however, is only a question of degree of friction 
between th<* partich*s composing the liquid, 
and as viscous liquids behave like mobile liquids 
if they are given sufticient time, tliis distinction 
is of little consequence in questions concerning 
the equilibrium of li(juids. A perfect fluid .would 
Ik* one in which friction Udween the particles 
was non-existent, and in which there wmt there- 
fore no resistance to alteration in shape. A 
moment's consideration would show that as a 
consequence t»f this the pressure of a liquid at 
any |K)int of a surface on which it acts is always 
iM»rpendicular to that surface at that point. 
Hence, in constructing embankments, dams, 
docks, and so on, the pix'ssure of the water 
has to l>e considered ns acting in the direc- 
tion of the arro^i'H sIiomti in the three cases 
in 128, 128. and 180. The pressure is always 
p<*rpendicular to the surface of the wall, and 
if the latter be not strong enough, it will 
be pushed along on its Ijosc, overt unit'd, 
cnisned, or lifttKi, as the various arrows 
indicate. 

How Enginooro Uoe Water. The 

engineer may In* said to regard and to use water 
in two ways. Pascal, over 20() years ago, invw- 
tigated the behaviour of water under pressure, 
and a century later that marvellous inventor, 
Joseph Bramah, produced his hydrostatic 

f iress. the action of which is based on the great 
aw Pascal discovered. The modem hydraulic 
press, capable of exerting anything up to 
12,0C)0 or 14,000 tons pressure, and under whose 
action steel yields like clay, is an illustration 
of one of the way’s in which engineers use 
water — by communicating pressure to it in such 
a way that that pressure, as we shall see later, 
is enormously magnified. Secondly, water pos- 
sesses of itself a huge powder, due to the force of 
gravity. Sometimes this is utilised, as in water- 
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wheels and turbines, and in the equivalent form 
of the accumulator, but just as often it is a force 
which the engineer is called upon to neutralise, 
as in the construction of dams, lock gates, and 
retaining walls. 

The Principle of the Hydraulic 

Preaa. Pascal, that mystic and fascinating 
scientist, found that liquids possessed the pro- 
perty of transmitting equally in all directions 
pressure exerted at any point on their surface. 
This is well illustrated by the apparatus in 181. 
The closed vessel, the shape of which is imma- 
terial, is hik'd with water, and at different points 
in its surface are cylindrical openings fitt 4 *d with 
pistons. Piston B — twice the area of A ; 
C = thrw times A ; I) - four times A. Now, 
according to the law just stak'd, any pressure 
communicated to tlie water by a piston will be 
transmitted with undim inishwi intensity in all 
directions inside the vessel. If the other pistons 
had the same area as A. and the latter were 
prt'ssed inwards with a pressure of 40 lb.. 
B, (\ and I) would each be forct'd outwards with 
a pressure of 40 lb. (in addition, of course, to 
the pressure previously sustained from the water 
itself). But as th(' area of each piston is double 
that of the preceding one. this 40 lb. pressure at 
A would become 80 Jb. at B, 120 lb. at (\ and 
160 lb. at 1). As the area is multiplied, so is the 
power. The same law is illustrated in the 
apparatus knoMTi as hydrostatic bellows or 
hydrostatic paradox [182]. AB and CD are 
circular boards connected by leather l&llows ; the 
tul>e E opens into the interior of the apparatus, 
and through it water is poured until the bellows 
are distended as far as it is possible. Heavy 
weights — even the weight of a man — may lx* 
placed on AB, and supported by the weignt of 
the small column in tlie tube, in this way AB 
could be made to raise and support a hundred- 
weight if the tube held 1 lb. of water and the 
area of AB were 112 times that of the tube. It 
must not be forgotten that this multiplied trans- 
mission of pressure is entirely due to the incom- 
pressibility of water. 

How Hydraulic Preaaea Work. We 

are now able to understand the action of that 
wonderful machine, the hydraulic press, as it is 
constructed to-day. or, as it is sometimes called, 
Bramah's press, from the name of the inventor 
who devist^ its principle of operation, A [188] 
is a force pump which, operated by the lever 
handle B, pumps water from the chamber C, 
through the pipe D, into the strong cylinder E, 
thus forcing upwards the ram F. Let us con- 
sider its working in detail. On raising 
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hft&dle B, the plunger P i» lifted, the vidve G at 
the bottom of the cylinder A is raised, and water 
enters from the reservoir C. On pressing down 
the handle B, the valve G closes, and another one 
(not shown) opens in the pipe D, through which 
the water is then forced. (An enlarged, detailed 
view* of a pump of this type is shown in 144.) 
Imagine this to be continued until the cylinder E 
is full. Wlien this occurs, we have a state of 
affairs analagous to that just described in the 
hydrostatic btdlows. The pressure imparted by 
the plunger P is transmitted undiminmhed to 
the piston F, but owing to the greater diameter 
of F over P this pressure is enormously magniticMi, 
and is multiplit^ in the ratio of the areas of the 
two cylinders. If the diameter of the plunger P 
be J in., and that of the ram F 10 in., the ratio 
between their areas will l>e as 1 : l,GtK). There- 
fore a pressure of 1 lb. on the plunger iK'comes 
lui upward thrust of l,r>(K) lb. on tne ram. If 
VV^ - load or weight 8Uf)porUHl, and P - the 
load on or force applied to the plunger, then 


\V 

P 


D 


D lieing diameter of ram. and d dia- 


meter of pump plunger. From this formula it is 
clear that the mechanical advantage could Iw 
theoretically increased so as to pnxluce an 
enormous multiplication of force— merely by 
increasing the ratio of the areivs of plungt^r and 
ram. But in practice it is found that the 
strength of the sides of the cylinder necessary to 
sustain such great pressure places some limit to 
the power which might l>e obtaim^d from the 
application of this law of transmission of 
pressure. 

How Gravity Affects Liquids. Turn- 
ing now to the pressure water exerts owing 
to its weight, a very imporUint law runs as 
follows : The prennure at any given depth depends 
directly <m the vertical depth beh/w the surface. 
This, of course, is self-evident. The liquid may 
be considered to consist of horizontal layers, 
those at a ’great depth sustaining all the layers 
above. The weight of a cubic foot of wat<*r is 
62 J lb., and this would be the pressure on an 
area a foot square at a depth of 1 ft. ; at a 
depth of 2 ft. the pressure would eijual 2 x 62J 
or 125 lb. ; at 6 ft., 6 x 62^ or ’175 lb. ; at 
D ft., D X 62 i lb. If insU^ad of a base of 
1 aq. ft. the surface pressed contained A sq. ft., 
then the total presssure P = D x A x 62J lb. 
If the liquid in question be not water, its weight 
per unit volume (W) would be sub8titut<‘d for 
624, and P — D x A x W. 

Strange as it seems, the pressure of water on 
the base of a vessel is entirely independent of 
the quantity of water the vessel contains. The 
pressure on the base of a full decanter would be 
the same if its sides were vertical or tapered 
towards the mouth like an inverted funnel 
instead of bulging, as long as the area of base 
and depth of liquid remained unchanged. 
Yet in one case it might hold a quart, in the 
other a pint. 

In measuring the pressure of water against 
dams, etc., the formula P ~ D x A x 62J 
wrill not be correct, for, as the pressure varies 
with the depth, an oblique or vertical square foot 
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or jrard will not have unifonn pressurt* all over 
its surface ; the part nearer the surfot'c sustains 
less than the deejH*r {wirts, and this explains why 
in cast-iron water rt‘servoirs and tanks, and in 
foundation caissons, tlu' lower platt^s art* made 
thicker than the upjwr ones. It is ntM.*t‘ssarv to 
take the average pre.ssurt*. and this is equal to 
the pressure at the centre of gravity. So the 
rule for finding the prt'ssure against any surfoctt 
iMXJoraes P .Area of surface pn'sstxl x vertical 
depth of the t\G. of the surface x 62 J. Let 
it w requinnl to Hnd the total pressure against 
the retaining wall in 134. Sup|Hise the wall 
30 ft. long, and the de}>th of water (K), 20 ft. 
The wetti^l area therefore 30 x 20 (MKt 
sq. ft. The vertical depth of the centre of 
gravity of the surface pn*ssed below the surface 
of the water is in such a ease half thi' d(‘pth of 
the water, or 10 ft. Hence the total prt*ssure 
against tlie wall 600 x 10 x 62J Ih. 

37.5,000 lb. — over 167 tons. 

Retaining Walla. \Vi' havt* seen in 
the preceding paragraph liow' the total water 
pressure against a retaining wall may lM^ 
estimaU'd. In ealeulating the thiekness and 
weight of wall neecssary to jirevimt it being 
overturned or fractured it is convenient to 
consider this total wat<‘r pressure us eoneeiitrated 
at one particular jMuni in the wall, wli.eh is 
called the centre of pressure. It is the pom! at 
which the resultant of the fluid pressures acts, 
and thesi* pressures constitute a system of 
parallel forces with a resultant e(pial to the 
total prt*HHure, H an iMpial and opposite forei' 
— 1 ,€., the eqiiilibrant -wen^ applied at this 
spot, the surface would be kept in eijuilibrium. 
A eonereU^ exanqile will render this clearer. 
Imagine a long, narrow trough or cistern, one of 
whost» ends, instead of being fixed, is free to 
slide along the length of the trough. Jf the 
trough lx? hilled with water the movable end 
will 1 h 3 forced right out unless it l>e kept in 
jKisition by the pressure, say, of the thumb. 
Now. if the thumb 1 k^ appliwi near the top of 
the surface the wuUt would push out the 
lower part, and if applied at the bottom, the 
water would force the upfsir fiart outwards. 
But there is a certain fKiint at which the (ounter- 
balancing pressure might 1x5 ajiplied, so as to 
ktH*p the Jfxxa* end in fx>Hition and sustain the 
w'ato press uni. 'lliat fxjinl is the centre of 
prejisure. In the case of a horizontal area the 
centre of pressure (roincides with the c<*ntrc of 
gravity, but in the ease of a stra-wall, where 
prt*ssure increases with every unit of depth, 
it Iit5S Ixdow the centre of gravity, and is found 
to 1x5 at two-thinls of the vertical depth Ixilow 
the waUfr Hurfa<’e. 

In 184 the pressure P is concentrated at the 
arrow head, one-third up from the btittom, and 
it acts in a horizontal direction. P will tend to 
overthrow' the wall by making it turn about B, 
the moment of the wat(‘r lx*ing P multiplied by 
BD, the latter in this case Ixung one- third of the 
depth of the water. 'Fhe moment of stability 
of the wall is the product of its weight (con- 
centrated at its centre of gravity G), and the 
distance AB. If the moment of the wall be 
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letw than the moment of P, the wall will be 
overturned by the prt?»Hure of the water. 
(Generally, in calculattona of thiH sort, the wall ia 
aaaamed to l>e one f(X)t in length, mo that the 
total Hquare feet of area of its vortical aection 
aluo reprew^ntM the cubical contenta, and when 
multipiifxl by the weight of a cubic foot of the 
material of which the wall in compoaed, the 
total weight in obtained.) In actual practices 
retaining walln are made thicker than the over- 
throwing nioment demandH, eMjHHjially where 
waveH have to Ik? conaiden^d. And as regards 
the form of the wall, although it in found that 
the Hiability is greater when the water pre^Bea 
againMt the nloping aide, yet the danger of 
crushing and fra<’ture ofU*n rtmderH it adviaablo 
to sacrifice a dtigree of stability and let the 
vertical side receive the pn^ssure. 

Specific Grewity. Ikdore touching the 
question of flotation and buoyancy it is necessary 
to have an exact notion of what is meant by 
sptieihe gravity. 'J’he si>ecific gravity (abbre- 
viated sp. gr.), of any body is its w'oight, as 
compared with that of an equal bulk of waiter, 
though of courses any other substance would 
serve as a standard of comparison. In the 
case of gases, air or hydrogen is the standard 
or unit. Now, os the volume of water or any 
other kind of matter changes with alU^ation 
in temjHJralure, it is nocosHary that one par- 
ticular temjH^raturc should Iw decidinl u|Km. As 
W'ater has its greaUwt density at 4 degrees C. 
(39‘2 deg, F.), that is the tem|Kirature 
generally adopUnl. Fre<juently, however, 
S|x»cific gravities are moasurtHl at the more 
(’onveniont t<^mperature of (K) degreem. A 
cubic centinu^tre of water at 4 deg. weighs 
1 gramme. With this, then, as a unit, tlie sp. gr. 
of any substance is its weight in graium<« per 
cubic centimetre. When we say that the sp. 
gr. of gold is 19*25, eopj)er 8 7, lard *95. 
wine *9, liath stone 2*1, alcohol *79, cork 
*24, wo mean that these figures represent the 
weight in grammes of a cubic centimetre of 
these particular substances ; or that the weight, 
say, of a cubic foot of gold is 19*25 timt^ the 
weight of a similar volume of water, and that 
the ratio between tlie weights of a cubic foot 
or inch of cork and water is as *24 is to 1, 

The specific gravity of a substance not acted 
on by water and of greater sp. gr, than w'ater 
can be found by weighing it first in air, and then 
in water, and dividing its weight in air by the 
loss of weight in waUir. If A = wt. in air, 
and a = w t. in water, thtm 


Sp.gr. =^_. 


If a substance weighs 54*3 grammes in air, and 
47*8 in w^ater, its 


Sp. gr. = 


54-3 

64*3- 47*8 


^•3 = 8 3 . 

6*5 


If the body floats in water, this method is use- 
less, and a weisht called a sinker is attached 
to the body, which is speeifioaUy lighter than 
water, to make it sink. If A ~ weight of body 
in air, B = weight of sinker in air, a = weight 
of body and sinker in waiter, b ^ weight of 
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sinker in water, then the sp. gr, of the body 

A~a^* Specific gravity may be calculated 

in several other W'a3rs, but by means of an 
instrument called a hydrometer the sp. gr. 
of any liquid may be rapidly determined by 
noting on a graduated Bcalc the depth to which 
the instrument sinks. With Nicholson's Hydro- 
meter the sp. gr. of either a liquid or a solid 
may l)e found. 

Buoyancy of Liquids. If a man plunges 
into a river, or a stone l>e thrown into a 
pond, a bulk of water is displaccni exactly equal 
to the bulk of the body which enters and is 
immersed in the water. If it be partly im- 
mersed, as in the case of a ship, or a man floating, 
then the bulk of water displaced equals the 
bulk of the immersed portion only. ITiat is 
quite obvious. Whether it Ik‘ a case of total or 
partial immersion, two forces at’t on the body : 
that of gravity, which tends to make it sink 
to the iKjttom, and the upw ard -force of the 
water tending to thrust the l»ody upwards to 
the surface. Whether the body shall float, or 
sink to the bottom, or remain stationary at a 
certain depth, depimds on the relative inten- 
sities of these two forces. 

Over 2,000 years ago Archimedes stated the 
law' governing the amount of upward pressure 
to which a body is subjiH'tod when j)laeed in a 
liquid. He found that a Uniy immersed in a 
liquid is buoyed up with a force equal to the 
weijht of the liquid it displaces. If a cubic foot 
of the liquid weighs the same as a cubic foot of 
the solid — i.c., if their specific gravities are tht‘ 
same — the body would remain at r(‘Ht at any 
depth ; if, as m the case of lead, the solid is 
spt'cifically hcavii^ than the liquid, the weight of 
tlie solid is greater than the weight of the 
displaciKi liquid and will sink. And the force 
with which it will descend equals the difference 
between their specific gravities. ‘Thus, the 
specific gravity of lead is 11*38, so that with a 
cubic foot of water weighing (12^ lb., and a 
cubic foot of lead w'eighing 709 lb., the force 
with which lead would sink is 709-62*5^ 
040*5 lb. In the case of a light substance such 
as cork or wood, its weight w ill loss than the 
weight of water displaced, and so it will be 
buoyed upward with a force equal to the differ- 
ence botw'een the weight of the displaced liquid 
and the solid. Prom this it is evident that a 
floating body such as a cork or a ship displaces 
its own weight of the water it floats in. There- 
fore the weight of any floating body may be 
easily calculated, for it equals the volume of 
w'ater displaced, in cubic feet, multiplied by 
fi2| lb. Conversely the draught can be found 
if the weight and dimensions of the body arc 
known. 

The fact that a BW'immer cannot sink in the 
Dead Sea, and that coins, stones, etc., float 
easily on mercury, is easily explained by the 
principle of Archimedes. The sp. gr. of Dead 
Sea wrater is 1*2 as compared with ‘89 for the 
human body (alive). A living person would 
thus displace a quantity of water of greater 






weight than his own body and hence would be 
thrust upwards till he reached the surface. 
The sp. gr. of mercury is 13*58, A cubic foot 
of mercury weighs over 74 ewt., but there are 
very few solids a cuV>ic foot of which would 
weigh BO much. Therefore, when imtnersod in 
mercury they displace a volume of the liquid 
of considerably greater weight than their own 
and so rise. Even when floating, the solid 
will only displace its own weight of mercury, 
and hence in many cases only the slighUmt 
fraction of a solid will sink below the surface. 

The Metacentre. The stability of a 
floating body depends on the position of tliat 
important point called the mc^tac;cntre. In a 
ship, for example, the position of this point 
means all the aifforenoc between regaining the 
vertical, and capsizing when rolling in a rough 
lea. The two forct^s which keep a floating body 
in equilil rium—^a) the downward forc3 of gravity 
and (h) the upward pressure of the water (equal 
to the weight of MaU^r displaced) —may be 
considered to act (a) through the centre of 
gravity of the l)ody, at G in 135 , and B, which is 
the resultant of all the upward and parallel 
pressures through the centre of gravity of the 
waU^r disjilaced at 11. This latter point is called 
the Cf>rUre of inioyancy and the line joining (r and 
B is the axis of fotaiion. Now if a force Ih» 
applied to the floating body so that it heels 
over as in 188 , 187 , the centre of gravity of the 
water displa(H>d will be shifted, as shown, and the 
point M w'here a verti(^al line from the nt;w centre 
of buoyamy cuts tlie axis is the inetaceiUrc. 
It is important to n'member that the pressure 
of the water acts upwards in the direction of 
this line. In 185 G and B are in the same 
vertical line, and the body floats in equilibrium. 
If it bo disturlicd, B w^ill changt^ its position 
with every change in the position of the l)ody, 
but if, as in 186 , the point where the vertical 
lino from B cuts the axis lies above tlie centre 
of gravity, the upward thrust, acting in the 
dirt'ction of this line, w'ill Umd to make the body 
regain its former position. It is then said to 
be in “ stable ” equilibrium. But should this 
metacentr© fall Mow* the centre of gravity [ 187 ], 
the force acting through BM w ill tend to make 
the body depart still more from its original 
position until it finds a new position of equi- 
librium. This, of oourse, means upsetting or 
overtumii^, and is termed “ unstable ” equi- 
librium. ft may happen that the relative 
positions of B and 0 are not changed by the 
disturbance of a fioaiing body, and that the 
line BM meets the axis of flotation always at G. 
This is BO in the case of a sphere or a cylinder 
turning on its longitudinal axis. We then have 
an example of “ indifferent ** or “ neutral ” 
equilibrium. ShiM are ballasted in order to 
bring the centre of gravity so low down that the 
metaoentre shali alwa> s he above it. 

Pvmotioml KxampiM. In selecting prac- 
tical examples of hydrostatics, far more must 
be omittea than can be illustrated, because 
Uie applicatibns of water poww arc so numerous 
and important. They occur in shops and 
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factories, in docks and harbours, in warehouses 
and stores, in small and large mstailations. 
They are used in many trades, and are more 
adaptable to some operations than any other 
TN>wcr agency, while in some they have an abso- 
lute monopoly. Water power is silent and strong, 
silent though squeezing white-hot steel with a 
pressure of 8,000, 10,000, or 14,000 tons, or 
w'hile opening the huge gates of docko, or pressing 
hay and fodder into bales, or lifting a trifle of 
](K) tons. It is capable, too, of the most 
precise and minute regulation within fractions 
of an inch, by the control of the water supply. 
In some spheres of action it is being ousted by 
electricity, but a wide and imdisputed field is still 
retained by water. The principle underlying 
all this great group of pressure machinery is 
that of difference in areas, embodiinl in the old 
Bramah press, and its modem equivalent [183]. 
Pressure is proportional to area, so that the 
elements of design are absolutely simple. 
The difficulties wliich arise are those of risk of 
leakage, those due to friction — which is consider- 
able — and the necessity for securing ample 
strength in cylinders subjected to pressures that 
ordinarily range from 7t)0 to 1,5(>0 or 2,000 lb. 
on every square inch, or still more in some cases. 


Head of Water Unneceaaary. The 

problems of head of water have been con- 
sidered in previous paragraphs. But the 
machinery in question does not now utilise 
natural head lu order to obtain pressure, though 
that was done in the early days of the hydraulic 
cranes. Not until Armstrong invented the 
wcumulator did the suecess of the w'att^r pressure 
system l»eeome asBure4. This consisted origin- 
ally of a large cast-iron cylinder fitted with a 
lodged plunger to impart pressure to the water. 
At once the gravity pressure of some 60 lb. to 
the square inch was abandoned for 600 lb. In 
on ordinary hydraulic plant, therefore, we havb 
three elements — the accumulator for w'ater 
storage under pressure, the force pumps and 
engines, by w^hich the pressure is produced, and 
the working cylinder, or cylinders and rams, 
by which pressure and movement are applied 
to any particular mechanism, and w'hich occuis 
in an immense number of forms. 

The follow' ing is a very concise summary 
of hydrostatic mechanism, or, as it is commonly 
tormtKi, hydraulic machinery. 

At the basis of it all lies the pump in some 
form or another. The common lift or suction 
pump of wells and tanks plays but a small part 
here, but combined with another form, the 
plunger, it is a valuable agent for lifting w'ater 
irom great depths. Few' mechanisms are 
varied more than are^lifting-pump valves. A 
complete study of these would require a big 
volume. Deep and shallow wells, different kinds 
of bquids, clean or dirty, hot or cold, questions of 
accessibility, and so on require modifications 
in valves. 

Pumps. The pumps of the hydrostatic 
group are very lHt>aaiy divisible under two beads, 
the lift or action type, and the force pump' 
The important distinctiem between the two is 
that the first -named depends for its action on 



atmospheric pressure, uid the second does not. 
It is usual to include these under the pneumatic 
brano i of mechanisms, because the atmospheric 
press ire exercises an essential influence in the 
operation of the suction type. But it is more 
convenient, from the point of view of practical 
applications, to dispose of them here. 

The suction group, and the pressure g£pup are 
found in many and varied designs. The first 
are limited to depths of water of about 24 ft., 
the second have practically no limitations. 
These, the force pumps, as they are called, are 
the ones that are invariably employed for pres- 
sure purposes, since there is no limit to pressure 
possible, save that of the strength of the bodies, 
and fittings, and valves of the pumps themselves. 

The air enters into the ojieration of all pumjw. 
only in the suction pump it is far more imfKirtant 
than in the others. The point in the first-namid 
is that there is nothing but the atmosphere as the 
acting agent, its pn'ssure alone forcing the water 
up through the suction pipe and barrel, thniugh 
the delivery valve. The limiting height is that 
from the delivery valve at the top of its stroke 
to the water-level in the well. 

Suction Pumps. Figs. 188—142 are a 

selection of the essential mechanisms of various 
suction pumps. Fig. 183 is the common lift, or 
atifiospheric pump in its most familiar form, with 
bucket A, having a hing<^ leather and metal- 

{ dated valve, and the clack B, also of leather, 
linged and weighted with metal platen. The 
clack is proven twl from rising too high by the 
stop piece C, as shown in 189. Leakage past the 
bucket IS prevented bv the leather jmeking D. 
Fig. 140 is a form less liable to get out of order 
than the one with leather fittings, besides being 
suitable for liquids that would destroy leather. 
The bucket* valve A, and the clack-valve B, are 
of the mushroom form — direct bfting. Both are 
prevented from lifting too high, A bv the arch of 
the bucket, and B by the perforateef plate C. If 
one of these valves opens to a height equal to 
one-fourth of its diameter, it will pass all the 
water of which it is capable. 

A design often preferred is that with ball valves 
[141]. The advantage of these is that they will 
not only lift, but rotate slightly and constantly 
on their searings, so equalising wear. Some- 
times the mushroom valves in 14^ are made with 
their wings disposed spirally, to cause them to 
turn slightly on their seatings at each lift. The 
height of lift of the ball valves [141] is slight, and 
each valve is enclosed in a cage with open sides, 
through which the liquid escapes. The example 
sho^m is one by Hayward, Tyler & Co., for 
deep wells. 

Ae theoretical height of 34 feet can never he 
reached, due to leaki^es past the valves, and 
these may be so great in pumps having badly 
packed valves, or dried leather valves, as to 
prevwat any lift of w^ater until the leakage has 
been overcome by “ fetching ” the pump with 
water. The atmosphere at the commencement 
of pumping occupies the suction pipe. On lifting 
the bucket, the air expands, with loss of pressure, 
and the external air forces water up to occupy a 
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portion of the vacuum. When the bucket has 
been lifted and depresstd a few times, no free ait 
is left, and the pump lifts wilid waU*r. 

Air-pumi>s an* also suction pumps. They 
dniw the condensed steam and va|H>ur mingUd 
with air from the surface condensers of steam- 
engim«. They are a gn>up by themselvt's. having 
little resemblance to the pumps just notii'cd, 
though bastd on the same principles. Like 
theB<*, too, though atmospheric pumjw, they lift 
water charged with air wmen in lull oja^ration. 

The first thing one notic(*s alK)Ut the action of 
the auction [>ump is that it discharges voter only 
on the lifting stroke, or intermittently. Tliis is 
objectionable for fetding purjHises. and hcnct' 
we have the treble-barrel arrangtrinent. In this, 
thn*e punii>H are set side by side, each complete 
in itst'lf, but driven from a common crank 
shaft, the cranks of which sUuul at 120' apart. 
l*ra(‘tically, a continuous delivery is thus 
obtaintd. In such pum|)S, the handle is dis- 
carded for a belt, or (*ngine drive. Kxce})t for 
agricultural and domestic puriHise^, the lever 
handle is seldom used for pumjjs, but some form 
of power drive is applied. 

Another way in which a praettie’ally continuous 
strcnim is obtained is in the double-action pump 
[142]. Here, the red A of the lower bucket 
pasHe*s through the red B of the upfKT one, and 
lK)th are crank driven in sue*h a way that the 
bucke'ts move in e>p|K)Hito dircH’tions, one lifting 
while the other is fore ing. a partial vae’uum Is’ing 
formed be*tw'eH*n the bue‘k<*ts. 'I’he iKitteirn 
bue^ket takew the phu'e* of the* tixenl valve m the 
previous figures. 

Force Pumpe. In these, a solid plunge^r 
eir ram is substituted for the* bucket with a valve, 
or valveMsi, and the dc*livf‘rv valve is in a portion 
e>f the pump bedy away from the ram. The ram, 
therefore — a seilid piston — alte*mately creeatew a 
vae;uum into which the water flows through the 
suction valve, and then forcees it through the 
delivery valve. Water can l>e raised through 
great heights thus, e)r what is equivalent, against 
gnuit prt»ssurc?H, as when used for pumping inUj 
sUjam boilers. Also, the ram Inang indefK*ndent 
of the valvw, it may occupy either vertical, 
horizontal, or angular famitions. Tliis pump is 
also int<*nnitU^!nt in action, delivering its w'ater 
in a series of imrmlsos, unlc^ss mounted in three- 
throw style, or fitted with an air vessel. 

Plunger and Bucket Pump. There 
is another way of obtaining a continuotis supply — 
namely, by the eom bination of a ram plunger 
with a bucket. Here, a bucket A, with valve, 
lifts the water, but on the down stroke the ram 
B displaces a volume of water eaual to its own, 
and sends it out through the delivery valve C. 
Water being, therefore, discharged during both 
strokes, the supply is continuous. 

Doubla*acting Pumps. Though the fore- 
going pumps may be made to yield a con- 
tinuous supply, yet they all suck water on one 
stroke and discharge it on the next, and are, 
therefore, nominally single-acting. When good 
du^ is required, such designs are too wasteful, 
and then pumps that suck and discharge on each 
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{mton and pomp {&^oiis are at opponte ends of 
their rodt« and the slide ralres are operated by 
the piston of the fellow-engine^ llie pomps 
draw from a common suction pipe, but each 
chamber has its own suction and deliveiy valves. 
An air vessel is common to both. 

The Teat Pump, or Hydraulic 
Force Pump. This is a ram pump [144] 
indicated in connection with the press [188], 
in which the water, practically incompressible 
in itself, is forced by a single-acting solid piston 
through valves and passages against the resist- 
ance of the work to be done. The latter may be 
anything, but is essentially a mass resistance. 
It will observed that the valves bear but a 
small proportion to the mass of metal in the 
body of tno pump, which is usually specified 
to be strong enough to resist a pressure of 
2,0(K) lb., or more in some cases, to the 
square inch. The body is of gun -metal, as 
are also the suction and delivery valves A 
and B, Tlie ram (' is actuaU*d by the lever B 
[188], and the water Hows out through the 
passage indieated by tlie arrow. 1) is a relief 
valve for releasing the pressure by the lever 
seen above, the pressure water flowing away 
through E. The perforaUKl rose, F, prevents 
any solid particles getting into the valves. 
The relation of this to the common force pump, 
one form of which is shown in 146, will bt? 
obvious. The ram and valves are there, but 
the proportions are different, the pump [146J 
1:)eing suitable for pressures of from about 
00 to 100 lb. 

Air Vessel. The air vessel mentioned 
just now is not used on tt*8t pumps like 144, 
because the volume of watcT pumped is ex- 
tremely small, and has not to travertk? far. In 
other wortls, there is no chance for the water 
to l>eoonie saturated with air. But for long 
deliveries and for moderaU' pressures the air 
vt^sel is essential. One form is seen in 146. It 
is made w’ith a spherical end to ensure strength. 
Sometimes waU^r will find its w’ay Uirough the 
pores of inferior qualities of iron. This vessel 
[l46] is a chain l)er of large dimensions, fitted 
somewhere on the delivery side. It contains 
air, which, being elastic and compressible, 
bi'comes a cushion to the water that rises a 
little w’ay into its neck during the delivery 
stroke. When the backward non-delivery 
movement takes pla«::;e, Uie air, thus com- 
pressed, forces down the water that had 
invaded the chamber, sending it along after 
the rest, so that a practically continuous stream 
results. 

Simple examples of the utilities of the test 
pump [144] are the testing of steam boilers, 
and steam and water pifiee, or tlie lifting of a 
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luwM. The ressstiuioe » that of Ihe 
in the first, or of the material to be ocm- 
piessed In the la^ As the water will not yie^ 
the tng-of «irar ilea between the strength of tfie 
on one side and that of the boiler, or pip^t 
or press on ilu$ other. Then there is the utili^ 
of the pump lor ohargmg aocumnlatore. As 
there comes a time when somethiim would have 
to yiel^ the mressures are xeoordM <m a <Bal 
gauge, and tne pumps ate fitted with relief 
valves. An advantage of these pumps is that 
the pressure may remain on for several 
hours, which is of^ a severe trial of strength 
of a boiler. These pumps occur in many 
forms, some being operate by hand levers, 
others directly connected to steam engines or 
electric motors. 

The Accumulator. As pumps are 
too slow in operation for rapid work, the acctmiu- 
lator [147] is fitted where rapid action is required. 
For example, imagine how slow would be the 
movement of a hydraulic lift at a railway 
station if it were actuated directly by a pump ; 
and the movements of a crane, also, or of a 
steel ingot press, or of a flanging press. In 
such cases the pumps fill the accumulator 
until it is charged with many gallons of water 
under a pressure of from 700 to 1,500 lb. per 
square inch, the latter being equal to 100 
atmo8})heres. On opening communication* be- 
tween the accumulator and the lift, or crane, or 
press, the pressure-water works it at a speed 
capable of regulation. The pressure or resist- 
ance of the accumulator is obtained by loading 
its casing with weights to the 700 or 1,500 lb. 
required per square inch. 

In 147 the parts are as follow’s: The pressure- 
water entering at A raises the ram B in the 
cylinder C, standing on the base H. The cross- 
head D attached to B, rising with it, receives 
rod E, on which is hung a plate, F, carrying 
a number of circular weights, G. The water 
being pumped, therefore, has to overcome the 
resistance of these weights, which, when raised, 
become the source of stored-up energy for doing 
w'ork bj their descent. The water passes to the 
machine, being operated through a tube (not 
shown) similar to A. The w’eights are made 
removable to permit of regulating the pressure 
according to the number used at any time. 
For convenience, it is arranged that each weight 
makes a difference of 1(X) lb. in the pressure. 
In the older accumulators, and in many at 
present, a casing of sheet metal (the weight- 
case) is used instead of F, and loose stone or 
iron is loaded in. The advantage of this is 
that the expense and trouble of transporting 
weights is avoided, since any rubble may be 
used on the spot. The cast weights already 
mentioned provide a convenient meeuis of 
regulating the pressure with precision, as 
stated. 

Wo have now to note some of the common 
applications of the hydrostatic press and 
accumulator to manufactures and industries, 
which will occupy the next article of this 
course. 
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Inscribed and Circumscribing Figures. A Lesson in the Drawing of 
the Skeleton Cube and Vases ; with a Note on Memory Drawing 


By WILLIAM R. COPE 


INSCRIBED AND CIRCUMSCRIB- 
ING FIGURES 

284. About a Given Tbianole ABC, to 
Dehckikk another Trianolk similar to a 
Given Tiuanole /jBF. On AB construct a 
triangle similar to the triangle /JBB. Through 
C draw a line parallel to AB, and produce CA, 
and C/B to meet it. Then OHJ is the triangle 
n^fjuired. 

286. About a Given Square A BCD, to 
Describe a Tbianole similar to a (Uven 
Triangle EFO. On AD construct a triangle 
similar to EFO. l^roduce the sides to meet 
BC, produecMl as shown. 

280. Within a Given Triangle ABC, to 
Inhcribe another Triangle similar to a 
Given Triangle DKF. On AB construct 
a triangle similar to DEF. Draw GC. From 
H draw HJ and UK parallel to QB and OA 
rosjH^e lively. Join JK. Then HJK is the 
required triangle. 

287. To Insc ribe an Equilateral Trianolk 
IN A Given Square ABCD. Draw the diagonal 
AC. On A(^ construct an equilateral triangle 
ACE. From D draw DF and DO parallel to 
KA and EC reHfs*otively. Join F ana G. 

288. To 1ns(kibk a Square in a Given 
Triangle ABC. Draw AD rierpcmdicular to 
BC. From A draw A E parallel \o('B and equal 
to AD. Draw EC. hrtim F draw FG and 
FH parallel to BC and AD respectively. From 
G draw GJ parallel to AD. Tlien FGJH is the 
required square. 

288. To Inscribe a Square in a Trapezium 
ABCD. Draw the diagonals ilC and BD. 
Draw AE parallel to BD and equal to *40. 
Draw BE. From F draw FG and FH parallel 
to BD and *40 rt^sjKHdively. From G draw 
QJ parallel to .40 and join 

2W. To Inscribe a Square in a Given 
SBCTtiR ABC. Join B and O. Draw CD |>er- 
pendicular and equal to BC. Draw AD, and 
from E draw EG and EF parallel to CB and 
DC I't^spectively. Draw GH and FH parallel 
to EF and EG. 

291, To Inscribe a Square in a Segment 
ABC. Bisect the chord jAB of the st^gment in 
J. Draw BD equal and perpendicular to AB. 
Draw JD and produce it to cut the arc in E. 
Prom E draw EF and KG parallel to DB and 
B*4 respectively. Draw QH parallel to EF. 
Join Fn. Then GHFE is the required square. 

292. Within a Given Circul to Inscribe a 
Triangle similar to a Given Trianoio: ABC. 
At any point D in the oiroumferenoe of the 
given circle draw a tangent EF. Make the 
angle EDG equal to the angle CAB and the 


angle FDH equal to the angle ABC. Join 
GH. Tnen DUG is the required triangle. 
(Euc. IV. 2.] 

298. About a Given Circle, to Describe a 
Triangle 8Imii*ab to a Given Triangle ABC. 
Produce the base BC of the given triangle. 
Find the centre L of the given circle, draw any 
radius LO, and produce it. Construct the 
angle FLO equal to the exterior angle ACD. 
and the angle HJLO equal to the exterior angle 
ABE. Produce LH, LF, and draw tangents 
as shown. [Euc. IV. 3.] 

294. To Describe a Square About a Given 
Isosceles Triangle ABC. Bisect the base 
BC of the given triangle by the line AD. On 
BC descrilw a semicircle. Tlien AD will be a 
diagonal of the reijuired sijuare. Draw DC 
and DB of indefinite length, and from -4 draw 
parallels to meet them. 

295. In a Given Hexagon ABCDEF. to 
Inscribe an Isosceles Triangle, the Base 
HJ BEING (iiVEN. Draw the diagonal AD of 
the given hexagon. Draw CE at right angles 
to AD. Set off EK equal to HJ. Draw KL 
parallel to ED, and LM parallel to CE. Draw 
Al and AM. 

296. Within a Given Circle, to Inscribe 
an Isosceles Triangle, the Base AB being 
( iiVKN. Draw two diameters of the given 
circle CD and EF at right angles to each other. 
Make GH equal to half the given base AB. 
Draw HJ parallel to CD. and JK parallel to 
EF. Draw CJ and CK. A similar method may 
be used for inscribing an isosceles triangle in a 
square, rhombus, or polygon. 

297. Within a Given Square ABCD. to 
Inscribe another Square, one Angle to 
Touch a Side at a Given Point E. Draw* the 
diagonals of the given square. With centre F 
and radius FE describe a circle. Join the points 
E, G. H. J. 

298. To Inscribe a Rhombus in a Given 
Parallelogram ABCD, having One of ns 
Angles at a Guv^en Point E. Draw' the diag- 
onals of the parallelogram- From E draw EF 
passing through the centre G of the parallelo- 
gram. Through G draw HJ at right angles to 
EF. J>Taw EJ.JF.FH. and HE. 

299. To Inscribe a Square in a Rhombus 
ABCD. Draw the diagonals, and bisect the 
angles thus formed. Join E, F, Q, and H. 

900. To Inscribe a Square in a Hexagon. 
Draw the diagonal AB. and bisect it at right 
angles by the diameter CD. Proceed as in 

299. 

901. To Inscribe a Regular Hexagon in 
AN Equilateral Triangle ABC. Bisect each 
of the angles of the given triangle by the linee 
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AR, BF, and CD. With centre G and radiufi 
OA doMcribo a circle. Draw DE^ EF^ and 
FD. Then HJKLMN is the hexagon required. 

802. Within a Given Triangle ABC, to 
Inscribe a Rectangle, the Length of One 
Hide, DE, belvc; Given. Bet off BF equal to 
DE. Draw hO parallel to BA. From G draw 
GH parallel to CB. Draw HJ and GK perpen- 
dicular to BC. 

808. In a Given Square .dfiCD, to Inscribe 

AN IsOSC!ELK.S I'rI ANGLE, THE IUhE EF BEING 

Given. Draw the diagonals AC and BD of the 
given square, and on CA set off CG equal to the 
given base; KF. Draw GH parallel to CB and 
liJ parallel to G(\ Draw />// and DJ. 

804. Within any Given Qi adrii^teral 
A BCD , TO Insgribk a Paralleixxjram, having 
Given the Position, E, of one Angle. Draw 
the diagonals A(\ BD. Draw' KF parallel to 
AC, KH and FG parallel to BD. Join G and 
//. Then KFGli w ill be the required parallelo- 
gram. 

805. Within any Given Quadrilateral 
AHCD, Insuribe a pARALi.KuxmAM, having 
( iiVKN KF, THE LKNiiTH OF ONE SiDE. Draw 
the diiigonals AC, BD. On one of them set 
off B(J e<jual to KF. From G draw (HI paralh‘1 
to B(\ Draw HJ parallel to 1>B, HK and JL 
parallel to CA. Join KL. The wime method 
may he used for inscribing a rectangle in a 
square, rhombus, or trapezoid. 

806. Within a (tivEN Triangle AB(^ or 
ANY Regular Polygon, to In.sc’RIBK another 
SIMILAR Figure, havini^ its Sides Parallel 

TO AND KqUIDIHTANT FROM THOSE OF THE 

(JivEN Figure, the Length of One Side, 
DE, BEING Given. Riseet the angles and 
obtain the centre F. Set off BG equal to I>E. 
Draw' iHl imrallcl to BF, HK parallel to 
HJj narallel to GB, and join K and L. Then 
HLK is the n^qiiirwl triangle. 

807. About a Given Triangle or any 
Regular Polygon (say a Hexagon ABCDEF), 
to Desi'kibe another similar Figure, hav- 
ing its Sides Parallel to and Equidistant 
from those of the Given Figure, the Length, 
GH, OF One Side being Given. Find the 
otmtre as Indore, and produce the lines biseeting 
the angles. IbxKluce ('D, and set off CK equal 
to GH. Through K draw- LM jmrallel to DE, 
and the other sides parallel to the respective 
sides of the given hexagon, as shown. 

OBJECT DRAWING 

SKeleton Cube. To many students the 
skeleton cube seems to be a ve^ difficult object 
to draw oornx’tly. and ]>erhap8 it is so. especially 
when it is in (xwitions similar to that show'n 
in 810 ; but most, if not all, the difficulties will 
be oven^ome, if sufficient care is given to the 
preliuiinai^ but thorough anal^ts and observa- 
tion of the model. l>efore orawing a single 
line. For example, it will be seen tliat the 
edges mav be divided into three sets — viz., first, 
a ifertica* sot, soooiidly, all those vanishing to 
the I'ight, and thirdly, those receding to the 
left, as in 808. In Zw there are vertical and 
horizontal sets, with a third set receding straight 


away in front from the spectator. In 810 will 
be seen a set vanishing upwards to the right, 
another upwards to the left, and a third set 
downwards to the right. The al)ove examina- 
tion of the object ought to enable the student 
to make no errors in the direction and appaitmt 
convergence of receding parallel edgen. Begin 
by drawing the appearance of the object as if 
it were a solid cul^, as shown in small sketches 
in 809, being very careful to keep the true 
relative apparent proportions between the 
different fac;es. Next, having noticed the 
proportion of the apparent th^ickness of the 
bars, sketch the vertical lines AB, CD, EF, 
and GH, which repr(*sent the bars of the v'crtical 
visible faces and then the Iim*8 AC, BD, EG, 
and FH, for the receding edges of the same 
faces. The top surface is then easily obtaiiuxi 
by producing the vertical edges BA, DC, FK, 
and H(j, to the top front receding edges JK 
and JL, and from the points M, .V, O, and B, 
draw' lines converging right and kdt with JK 
and JL in 808. TTie next step is an important 
one, and that is drawing accurately the jK>Hition 
of the edges (^H, HS and J)T, which should all 
intersect at (nte point If they do not do so, 
then the student may l>e certain that lie has 
made a mistake previously in tlu* eonvergenee 
of the otluT edges, or the proportion of the iac(*8. 
The rest of the* drawing should Ik‘ found very 
simple, (‘HjK>cially if the student will notice the 
eonm*etion ladwinm thi* various edgt‘s as shown 
by dotUni lines. In 309 w'ill bt^ stN^n an instance 
of very" much foreshortening of the thiekiu^ss 
of the inner surfiu^es of the bars; this will lUNMi 
HfK'cial care. We must not forget that the edges 
AB and (7> should app<»ar to converge to the 
same jioint as the «Hlg(‘s which reccxle at the top. 
The ohserv'er is supjHwed to be opjKWite the 
front vertical face of the cuIk*, which is below 
the eye level. When the cuIh* is tilted, as 
shown in 310, w'e have a somew hat more difficult 
view' to draw’, but method and I 
W'ill overc’ome the difficult ie 
the })osition of the nearest comer ,4, then the 
direction of the throe lines radiating from it. 
Each of these lines belongs to a differtmt set, 
and all others depend upon them for correctness 
in ev'cry respect, thertdore great care should 
lie given to deciding their apparent direction 
and length. The rest of the draw'ing is tht*n 
as easy as in 808, for the student has only to 
obey the rule of apparent convergence of 
reccing parallel edges, and observe their 
relative projiortions. 

Vase*. The vases chosen for models in this 
course are those to be found in all art schools, 
but other vases w'ill do just as well for examples 
to study. Pig. 811 is a view' of the vase known 
as the white bottle, 812 as the U^rra-cotta vase, 
and 818 as the red glazed one, all standing, 
of course, in a vertical position. 

Beautiful Form of the Vases. The 
student should obseri’e the great beauty of 
these vases, which is showm in the harmonious 
proportions between the various ports, and the 
subtle but charming and beautiful curves of the 
contour lines, etc. When the student perceives 
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the biMuiilfal form of these obji^ctit lie will not 
be likely to mske m wrong siid ugly dimwing of 
thcmi, M i» too often done 1^ unobiier%*Ant. 
Umppmcinltve, and carelewt bf»ginneri. 

lilwthad of Drowlftf Vaooo. When 
the vaaei are aymmrtrical in form and atanding 
in a vertical position, aa in 311 -SIS, begin 
by aketobing the ufiright axia AH of the vaac : 
then determine the grf^Uwt width. Imth an 
regarda poaition and (vrofjortinn, and draw the 
line CP to rrpreaent them, noticing carefully 
that it ajfptar* at right anglrn to the arts Alt of 
thf (tbjfri. Next draw the major axea of the 
varioua clli|iaeti. auch aa KF, (iH, etc., again 
olaiervtng that the axi*a an> alwaya fa^rfM'n* 
dtcular io AH, and then fix the ^nwiition of the 
narroweat |iart of the m^'k, anch aa LAf. Now 
proceed to akelch the main eontonr linea and 
the curves f<ir tlie elli|iMw. all the time en<ieavour 
ing to realiae the la?autifiil form of the t aw*, which 
aometimea require* the line to curve alowly and 
at othcTM mon* quickly, (in'at attention ahould 
lie given to the ritna. Imaea, and mouUlmga. if any. 
olwervtng the apfianmtiy greater w'idtli of the 
rim at enda of the major axia. aa in S12 
Noth^e the ap|;iar<*nt eonniTtion (ahomm by dott^nl 
eurved Imea in 811) lietwivn the m*<*k and the 
liaae ; the rlUptirul form of the laidy in 811 . 
the mnU form of that in 812. and the rirrular 
or ghif/utar ahafa^ in 818. I)o not make the very 
common emir of drawing a horixtmUil atraight 
line for the l»aa<*i*. for aa theae an* really eirt'ular 
in ahafM' and liebiw the eve level, they muat 
apfMiar aa parta of elli|}a4*a. Ttie Imm* ean aiqa^ir 
aa a atraight tine, only >»hen it la exactly level 
with the eye. and. if lying in an oblxpie iMt^ition. 
when th«' ptanr of the hoar would paaa direetly 
through the cdim-rvi'r'a eye*. 

Obllquw Positions of Vssos. Th«^' 
poaitiona often cauae great trouble to la*gtnnera. 
nut very little should U* exjM'rieiuM^l tf the 
atudi^iU will limt of all draa* the com'ct dinn'tion 
and length of the axis A H of the vaae; and oliaerve 
that the grrat<>at width, the narroweat part of 
the neck, and the major axea of the ellipai'a are 
nitengs at right angle m to th* on'a AH of the objert 
The student should jdace the xnnm in such 
positions as shown in 814-818, and verify the 
almve laws. In theae oblique positions of the 
vases. (NVuliaraptM^arancNW of the rimn, interiors, 
and Imaea will lie noticed, and much careful 
oliaervation will lie neerwsary for the mind to per- 
ceive them. All the representations in 814-818 
are those of the vases lying do am on a horiutfiied 
plane, sometimes with the mouth, at others 
the liase, towards tlu* sfM^otator. Figs. 815 and 
818 are of special interest, for they are splendid 
vic'ws for finding out whe^ther the student 
will draw what he sees, instead of what be knows. 
As stated liefore, the vases aie lying on o ibort*. 
tonkU plane, with the axis of the objeeUi really 
slanting downwards away from the observer, 
yet tins axis in each view* shown in 815 and 818 
appears harizxmial ; but it must be remembered 
ihni this is only so when the vase is turned 
away at a particular am^r, for it is quite possilile 
to hare the axis of the object— wWn its base 
it iQfwardt the observer— appanmtly »tinttng 
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downwards or upwards, and the student sht^d 
make experiments xrith the vases in various 
positions. 

General Obeerratiena. The student has 
now had all the main principles of obj^t 
drawring explained to him. and the more practic?e 
he gets, the more he will find how* often these 
firinciples arc* employed and what sure guides 
they are fo the correct drawing of any object 
he may wish to represent. But he should not 
stop here, for there is still much to be done, and 
of much more interc*st. when light and shade 
and f*olaur are involved- Yet tone and colour 
will not hide bad draw'ing — rather, they will 
emphasise it ; therefort*, it is most necessary 
to learn to draw correeily, which can only be 
accomplished by continual and regular practice. 
The student should carrj’ a skcl<*hbook and draw 
in it as often as he {>OHsibly can any object of 
inten'st that prc‘S4*nts itself. If he cannot join 
an art w'hool he should obtain criticism^ and 
ndviee on his wf>rk from some friend who can 
draw, and shrmld not U* discouraged because his 
W’ork may |sThapH U* adversely criticised, 
but. rather, he should be sjiuTT<*d on to do much 
liettcr work. 

MEMORY DRAWING 

This IS, without doubt, one of the most im- 
[Kirtant liranches of drawing, and should be culti- 
\Ht4d iiM I'arly as |)OHsible. It is a pow'crful 
sttmtiius to the imagination, liesides In'ing a 
means of rultivating eonHdenet* and self-reliance 
in the student. It has said : “A visual 
image is the most jK*rfeet form of mental 
nqiresentation w*hen*ver the shafx^. jiositions, 
and relations of objects in space are con* 
cemwl. It IS im{K>rtant in every handicraft. 
The liest workmen are those who visualise the 
whole of what they art* going t<i do befori* 
they take a tiKil in their hands. ’ 

Method of Procedure. To make 
tnie pn^givas in this subjtH't, as in all others, 
methtd is n*quirtMl. The student should 
lH*gin by placing at a convenient distanc*e and 
le%‘el some simpU* m tangular object, such as 
a Ixix. Ixxik, stend. table or either of the recti- 
lineal gtH>metrical models used in object drawing, 
and make a most careful oliservation concerning 
their apparent general proportion and direction 
of receding edges, and not forget the important 
rule : “ Draw what you see and not what you 
know. ' It 18 most essential that these main 
facts should be observed corret ttv and then the 
details will give little Iniuble. These olwerva- 
tions may he finished m three or four minutes. 
Ha>*ing marked the position of the object, so 
that it may be again placed in exactly the same 
petition, remove the object from sight, and th€*n 
make a fair-sized drawing of it from memory. 
Now replace the object in its former position 
and i*ompare the drawing with it. Tlie same 
procedure may be adopted with n^gard to 
curved and more difficult objects, such as a 
cup and saucer, a silk hat, etc- The student 
should (Hractise regularly, and eventually be 
will be able to draw with ease from memory', 
doweia, plants, and even animals. 

Ocmiinnai 







i» prfHiefit or not. in oUim* wordii, » bill of 
mmiiM fMiMfippoaet mi exinting drbt cm which 
Um bill it founcbMi. In the cmc before an. the 
me-oxitUng debt wm one of 10*. fid. due hy 
J. Wnke to Bcvaq k Kirk. 

Sfnprloun and Dlahaacnarad Billa 
Someitmee fake or vpurtoos btllc, which are 
not founded on a |)rior debt, are created. These 
are known aa hies, or acoommexiatton Nils. 
Frequent I V there is nothing whatever to dis* 
tinguish them from genuine bills, and it is there- 
fore an essential rule of law to |9Ut all bills upon 
an equal footing. Moreover, in the absence of 
any unusual cirruroslance, the law does not 
ff^ard the question whether adequate considera- 
tion has or has not been pven for a particular 
bill. For example ; if Wake “ accepted ” the 
hill drawn on him liy Bevan k Kirk — that is. 
if by signing his name across the fac^ of the bill 
he promisecT to pay it at the due date, he could 
not afterwards refuse to pay it on the plea that 
he had since discovered moth in s<mie of the 
articles he had Niught from itevan k Kirk. 
Therefore, we may say that a bill of exchange 
fixes beyond dispute the amount of the debt. 
Again, if, having accepted the bill. Wake dis- 
honoured it hv non-iiaymeiit of the amount when 
it was due. the hokJer (not niM^essanly Bevan A 
Kirk) eoitld sue on the bill alone for the full 
amount, plus the law costs. The law requin^ 
no further evidem^e of imlehtedness than is 
supplied bv the hilt itmdf, an<l thus there would 
be no netm to gt) to the trouble of pniving 
delivery of the goods or their sound c<m<lition at 
the time when Wake's order w'as cxe<’tited. 

Thw Fmrtlwa to a Elll. While thert^ 
are thit'e parties to a foreign hill, there art» 
generally only two original fmrties to an ininiui 
bill — tti one, that is to any, which la bc»th drawn 
and payable withm the Britisli Isles. In Wake's 
bill, the two |>arties are apparently Bf*van A 
Kirk, drawer, and J. Wake, drawee. But up to 
now we have no right to njiply the tenn “ party” 
to J. Wake, except in the sense of his lieing a 
passive or an involuntary party. (Consequently. 
It is not until he hevomes an active, or a con- 
senting jmrty, by accepting the hill drawn upon 
him. that we )ui%’e a real transaction cafiahle of 
being expressed in terms of double -entry. 
AccordingV nf' entry of (•) can lie made in the 
Nioks of atxxHint, although a ctipy of the letter 
which was sent to J. Wake covenng the draft for 
scceptani'e, will be found in the c>oiinting-hous^ 
letter Ixxik. 

We pass on to the next : 

Tnmsaction (/), Sept. 23rd. Paid salaries 
and wages as fier salary book. £11 9s. Od. 

In a former paragraph it wm stated that most 
of the staff of mvan A Kirk were paid weekly. 
The junior partner personally attends in this 
matter. Eveir week he makes out, in a private 
memorandum book, a list of the weekly employtw, 
placing opposite each name the ammnt due as 
salary or wagt^ The total being ascertained, 
the ejiact sum is drawn from petty oaah and dis- 
tributed by the junior partner. The memo- 
imiidiun bo^ spoken of has been Noticed under 
the name of salary book in our lisi of supple- 
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menUiy records. To assist those of an inquiring 
turn of mind in stifling their natural curiosity, 
the junior partner keeps this book locked up in 
his desk, and the weekly totals merely tie 
entered as payments in the petty cash book {q.v.). 
Distinction Botwoen Ssisries and 
Wagsa. Tbere is a technical difference in 
meaning between the terms salaries ' 

” wages *' which merits a brief consideration. 
Let us suppose that the weekly total of £1 1 9s. Od, 
for salaries and wages is made up as follows : 

8ai,arics. 


2 town travellers 

6 

0 

0 

Stockke€»per 

I 

17 

0 

Junior clerk 


0 

2 boj's 

1 

1 

0 

"8 

19 

t) 

Wage.s. 




3 girls 

2 

9 

6 

Total 

. £11 

9 

0 


The bn>ad distinction to Ite oltf«*rved here is 
that tMgrs relate to exjienscs of pnxluction (or 
buying), and mUtries to expenses of distribution 
(or selling). Wages are exjiendid either in 
maniifaetunng gofds or in making them mer- 
chantable. Thus, the girls employtd by Bevan 
A Kirk are engagid in a.HSorting, under spceial 
selling or ” call ” nuinlH*n» all goods rt*ceived, 
nqiacKing them in smaller quant it ic»s suitable for 
Hi’van A Kirk's class of business, and so on. 
Tlieir wages, therefore, are reckoned as addition 
to the cost of the purchases. ^Fhe other weekly 
wages, whether ” prcKluctive,” as in the case of 
the toam travellers, or ” non-productive,” as in 
the* case of the junior clerk, are styled salaries, 
and trt»atid as part of the fixed or establishment 
exfjenses of the firm. 

Transaction (k). Sept. 23rd. Paid Rice A 
Sons cheque, value £49 4s. 3d., in settle- 
ment of their account, £*K) 9s. 6d.. less 
2J ^*o discount 

This transav'tion is the converse of (A), in which 
Bevan A Kirk rtcehrA cash and allowed discount, 
whereas here Bev'an A Kirk ;jor/ cash and obtain 
discount. Since the firm avail themselves of 
discount terms as often as possible, it will he 
convenient to have a column ruled on the right- 
hand aide of the cash book on purpose to accom- 
modate items of discount obtained. Each item 
is entered in a line vrith the cash item to which 
it relates. Thus, Bevan A Kirk paid away 
£49 4a. 3d to Rice A Sons in settlement of an 
account of £.V) 98. fid. — that is. they deducted 
£l 58. 3d discount, being 2J tbe latter 

amount. As the cheque represents a payment 
made by Bevan A Kirk, the value of it is en(er^ 
on the Mvment. or crcxlii, or right-hand side of 
the cash book ; and in a line therew ith, on the 
same aide, discount £1 .'is. :kl. is entered in the 
discount column. 

Transaction (1). Sept 25th. Paid postage of 
parcel to Williams Bros,. Cape Town. 5a. 

It is usual to make such payments out of 
petty cash, and we shall accordingly expect to 
find this entered under the proper date in the 
payment c<damn of the pettv ci^ boc^ iqv) 
Omilmmsi 



NURSE & GENERAL SERVANT BousmEPiNo 

Duties and Daily Routine of the General Serrant The Cook-General. g 

I The Sewins:-maid. Nurse and Under-nurse. The Daily Servant 
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A, EUNICE T. BIGGS 


By 

THE GENERAL SERVANT 

The duties of a general servant are so numerous 
that unless she is very energetic and industrious 
she will find every moment of her day almost 
too fully occupied. She should Ik* very strong, 
healthy, and active. If she is inclined to waste 
her time, or to be unwilling over her work, her 
duties will become very arduous. The work of 
a general servant is undoubtedly hard, but no 
harder in a small household than the work 
of another servant where there is a larp^ 
family. She will, in all probability, be greatly 
assistexi by the mistress of the house, and by the 
grown-up daughters, should there bo any. 'Hie 
mistress wdll probably be down a good time before 
breakfast, making the tea, etc., and generally 
helping the maid to be punctual with the meal. 
Then, after breakfast, the former wdll probably 
assist with the making of the l)eds and the 
dusting. The drawing-room w'ill be undertaken 
by the mistress or a growm-up daughter, both 
in order to lighten the servant's duties, and 
also because the furniture and the ornaments 
of a drawing-room need gentle hiindling. The 
rough work of a general s©r\-ant naturally tends 
to make her hands less fit for such employ- 
ment. 

Morning Duties. The general servant 
should rise early in order to get through some 
of her work l»efore the family are about the 
hoyise. She should light her kitchen fire directly 
she comes downstairs, clean the hearth, rub 
up the range, and put the kettle on to boil for 
the breakfast. 

She should then go to the dining-room and 
breakfast -room. After opening the windows, 
she should wx*ll swee^p the carpdt. If she is 
allowed the use of a roller -sweeper this will 
save much lal>our. Sw^eeping w'ith a broom 
will then only be necessary from time to time. 

She should remove the rug from the front 
of the fireplace, spread a large coarse drugget 
over the carpet, and proceed to remove the 
ashes, clean the hearth, and lay the fire. The 
tik*8 should be wiped over wHith a damp cloth, and 
the bars of the {prate polished. The work of the 
general servant is considerably lightened in the 
summer when she has (mly the kitchen fire to re- 
lay. Fires make a good deal of dust and dirt, 
so that the rooms will need still more careful 
cleaning during the cold months of the year. 

BreallfMt. Having laid and lighted the 
fire, swept the carpet, dusted the room, the 
servant s^uld lay the table for breakfast. At 
the appointed time she will call the family, 
taking up hot water if required to do so. She 
should then clean such boots as will be wanted 
early, afterwards tidying herself before be- 
ginning her further duties. If the family 


breakfast late, she may find time to tidy up the 
drawing-room grate, cleiui the do(»rHtej>s, wiinh 
the hall, and swwp down the stairs iM'fon* 
breakfast. In any case, these duties are next in 
her daily routine. 

The general servant must endeavour to Im* 
methodical in her work, and to reinemln'r 
the many little details that atld so |M^rt‘eptibly 
to the comfort of the family. For example, 
she should put the plates and bnuikfast dislu's 
into Uie oven to heat in good time, so that they 
may Iw ready for brt^akfast. 'J'hen she will 
set about the preparation of the meal so that 
it may be servtid punctually. 

After-break fast Duties. This done she 
should take her own, w'hich w'ill not take very 
long; and while the family are linishing she 
should go up to the bixi-rotims imd strip the beds 
for airing. 

The family will do w ell to Ik* coiiHideraU^ in the 
matter of sitting long over breakfast. If the 
meal is unduly prolongixl by unpunciuality 
or by thought lesHness, it will throw* out the 
servant's work and make her daily routine 
laborious. 

Whilst the IkxIs are airing, the servant should 
clear away and wash up the breakfast thingH. In 
this she w ill probably lie assisttKl by her nuHtresH 
if the family is numerous. 'I’he s^irvant should 
then rearrange the kitchen, sweejiing ui) the 
crumbs that have fallen on the floor uuring 
the preparation of brcMikfast, and putting away 
all utensils not in immcxliate uwv 

The mistress will then comc^ into tie? kit<*hen 
and give her orders for the day. She will visit 
the larder and arrange w ith the servant os to th(» 
various meals to Ik* WTved. In a small household 
the mistress will herself lakt^ active part in the 
cooking. Good foexi, tastefully prepanxJ, and 
well cooked, is a great factor m the preser- 
vation of health,, and on the health of the 
individual members dojKmds not only the 
comfort, but also the pros|K!rity of the 
family. 

Daily Routine. Having recciviKl her 
orders for the day, the general servant returns 
to the l>ed-rooms. Either alone, or more usually 
with assistance, she makes the various beds. 
She then arranges the washstands, got^s over 
the carpets with a roller or dustpan and brush, 
and finally dusts the furniture. This dusting 
is often consigned to a daughter of the housf% 
and in many families, wrhere there are growm-up 
daughters and only moderate m<Kms, each 
girl makes her ow*n bed and dusts her own 
room. This considerably lightens the general 
servant’s burden, and imables her to devote 
her energies to work from which it would bo 
less easy to relieve her. 
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IKNIMICMrtilO 

Having finiiiliorJ hrr rouim«i work upstaiim, 
th« gcsnoTAl will proliably biive tome 

i4?iilmr tank to perform. For example, each 
room muHt lie ** tamed out *’ at regular 
intervali. wUier oave a week or once a fortnight. 
Tlion the atair nxlii will need carefully rubbing 
with poliahinrt ^laate and leather, ana in aome 
bouana a c<irtain amount of waahtng haa to 
Ui done at home. In moat caaea help from 
outaide ia orcaaionally lured liy the roiatreaa 
for particular fiarta of the work. For example, 
in turning out rooma and in waahing, ahe w ill und 
extra helfi <wit<*ntial if the ahn^la of the houae- 
hold are to run nmofiihly. 'Jlio handa of the 
general aervant art* ofU*n already ao full that 
ahe cannot rea^Kinaihle for further dutiea. 

Preparation and Servlnf of the 
Mld«da]r Meal. After her moming'a work, 
the general a<*rvant ahould wnah her handa and 
|Hit on a clean apron Indore laying the cloth for 
the mid day nieai. Hhe ahould then put every- 
thing in rc.a<lineaa on the table and aerve the food 
at tlie ap|Kitnted lime. She may either take 
her meal coiifurrcutly with, or after, that of 
the family. In the /oriiier cam*, ahe waita at 
table till all are at*rved. and then g<K*a t<» the 
kit<dien f(»r her own dinner. Whim the dining- 
room Ih'II nnga, ahe ahould anawer it at once, 
remove the plati'w anil diahea of the firat courm*. 
and bring in the (mddiug. In luniai*a when* a 
general servant only la kept, the dinner will Imi 
aervinl at mid-ilay. 

VS'hen the meal la over, ahe ahould clear the 
table, <lual and tidy the dining riMim, n'-make 
the fire, and hruah up the hi'arth. 

Aftornoon Dutioa. Huimg lituhhiMl her 
own meal, and nwirrangixl the dining-riKtni. 
the general aervant inuat waah up the thinga 
uH<‘d at difiniT luid during ita pre|>arution. 
Plenty of Uolmg water and aiKla w ill lighten her 
t4iak. She then gia^a up to her room, changt'a 
her print down fur a hlaek one, puts on a 
mtialin a[iruii and eloan cap, and ndiima to the 
kitchen. If ahe ia a ijuick girl, ahe will find 
henadf frt'c to ait down and aew' for a short time 
Iwdon* tea. After this little r»»st she will prefviro 
and take in the tea. an l then again her time 
will U» uniK'cupitHl. Some afternoons slie may 
devote to }ioiia)ung tiie plate or hraaacs. othera 
to turning out her kitchen cuplxMirda and n*- 
arrangtng them, or she insy sew either for herself 
or for her miatnws. 

Ewaalac WorK. Tea Unng hnished, the 
gtmeral servant should arrangi^ the ImhI - rooms. 
She should close the windows —at any rate, 
{)arttally— draw dowm the blinds, clcwe the cur- 
tains, and ae«i that dirty IkkiU and shoes are 
taken aw*av fitun the lixmis. l.ampa or gas 
ahould be lighted at duak and jwuaage windows 
closed. 

If the family partake of an early Ifia, supper 
will be si^rved during tlie evening. The meal 
wriU proliably he of a simple character, not 
n^icessitatmt any cooking. After clearing it 
awray, the geniTai servant will have a oeiWn 
amount of washing-up to do ; she should 
then get eveiythtng in readiness for the nighU 
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and make certain preparations for the morning. 
Hhe may put the breakfast china in rea^eas, 
being caretul to cover the tray to protect it from 
dust , and nbe should see that there is a plentiful 
shppiy of coal, dry sticks, and paper for her 
fire-hghting operations of the next day. 

THE COOK-GENERAL 

Where two or three servants are kept, and 
the kitchen work is undertaken by one servant 
only, she is designated a cook-gtnoral. Not only 
is the cooking assigned to her, but various items 
of housework also. She is responsible for all the 
work of the kitchen, unassisted by a kitchen- 
maid, so she must keep the kitclun and scullery 
clean, wash up all cooking utensils, and polish 
up the copper and tin vtaisols and covers. The 
hall, stairs, and dinmg-room, or breakfast- 
room will doubtless Im* placed under her care; 
for thes<* rooms she w ill Iw rtwponsible. In small 
establishments the whole of the housework is 
of tin divided U»twc*cn a cook -general and a 
hous<* -parlourmaid, the care of the U'd-nKims 
and draw ing-room. and the pre|wiralion for meals 
Is'ing undertaken hy the houH<*-parlourmaid, 
while the ecKikmg onJ the care of kitchen, hall, 
and sittmg-riKmi are r«*8erved for the c(K>k- 
general. 

THE SEWING-MAID 

llie sewing-maid is oftenest found in families 
when^ then' are many young ladies, and when^ 
means are moderaUi. As the children grow 
Un’ond the age at which the services of a nurse 
an^ indi8|KnHahle, the mother finds that some 
resfKinsihle |ierson is nt'cessarj^ to help to keep 
their wardmU's in good order and repair. 
Perhaps the family income dix's not warrant the 
ingagi'inent of a lady's-maid, and a si^wing- 
maid's serviot‘s an‘ thendore reijiiisitioned. 

Dutlew of the Sewing-maid, ^le 

scwing-maid will, to a eertam extent, in such 
houstdiolds. supplement the w’^rvices of the house- 
maid. She will call the young ladies under her 
ean> in tlie morning. bnny:ing in their hot water 
and drawing aside the Uxl-roora curtains. She 
w ill, if requinxi, help lliera when dn^ssing. She 
may help witii the prix-oss of hair- brushing and 
dressing, and with the fastening of frocks and 
blousiMi. ITie dutKii of the tu'wing-maid will 
vary widely in different classic of households. 
In moat eajwm she acts as young ladies' or 
ehildrt'n's maid. Her privileges not those 
of the lady's-maid, but ht'r dutu^s consist, like 
those of the maid, tn pt'rsonaJ attendance 
on the young ladies of the family. Occasion- 
ally, the sewing-maid may wait on the lady of 
the houa* instead of on tlie daughters. 

Daily Work. The greater part of the 
day the sewing-maid will be busy with her 
needle. She slioukl be very skilful in plain 
sewing, able to cut out and 'make all kinds of 
umierw ear, and having some knowledge of dress- 
making, in order to make simple clothes for her 
young mistresses. She shcniM have good taste, 
and he able., if aaked to do so, to give advice 
when new dresses and blouses are being por- 
chaaed. 




A tewiiig^maid thould be handy and olerer in 
oontririns renovating. By this means she 
will saii^er mistress much e^'nse by enabling 
her to use up garments that might otherwise have 
to be discarded. By turning and patching, and 
by skilful adaptation, the bc'st is made of every 
article of clothing. In a large family of girls 
the dressmaker’s bill can l>e surprisingly cur- 
tailed by the ingenuity of a clever sev\ ing-maid. 
She should study fashion books and jwipers, and 
try to keep her ideas up to date. 

All her work should U' neat and painstaking; 
she will, no doubt, tind that the ladies for whom 
she works will themHt*lv(*s lake an interest in her 
sewing. She will then let them help the work 
as much ivs |x)Hsiblo. and if at first this means a 
little dt‘lay. it is worth the extra trouble. They 
will sotin get into the W’ay of such work and 
give much valuable help. 

Tlie Ht^wing-raaid's chief difficulty will Ih' 
fitting ; but if she has lanm taught her work 
well, she will Ik< able to adapt her knowledge to 
the task in hand, and to obtain rwilly satisfaetory 
n'Hults. rnlc*H8 askcHl to do so. the slewing- maid 
should rtdrain from giving advice on mutters of 
dn*KS. hut when asked her ideiui, she should state 
them fearU*8Kly, and w ith a genuine wisli to help 
her mistn‘SH. 

THE NURSE 

The |>osilion of head-nurse is one of great 
imjxirtaiK'e. She is renfsaisible for tlie geniTul 
arrangement of the nurHerii‘s, which an' entirely 
under her care ; she should, therefore, 1 h» a 
thoroughly sj'nsible and trustworthy woman, 
who realisc'H liow' much the ehara<'tcr and 
developmi'nt of her little charg(‘S de|x*nfl on her 
efforts. The youngest child in the nursery will 
Ix' her HjK‘< ial charge. After the departure of 
the monthly nurse she will undertake tlie can^ 
of Ihe infant, washing and dn^ssing it, taking it 
into the o|>en air and watching over its sleeping 
hours. She should, from the very first, endeav- 
our U) inculcate good habits in the child ; these' 
are easily formed by quite a tiny baby, and the 
It'ssons lt‘amtxi are wddom forgotten in later 
development. 

Characteristics of a Good Nurse. 

A good nurse* should have unlimited patience 
and sweet tem}x»r. Irritable munn<*rs and harsh - 
nt'ss should find no place in the nursery ; they 
tend to make the children cross, and even 
untruthful. In the daily training of the children 
the nurse should w atch for the earliest indication 
of individual characteristics. By her own influ- 
ence she should make them feel the charm of 
unselfishness, gentleness, and perse\'erance. 

In her personal appearance and habits the 
nurse should be invariably neat and clean. Her 
work is light and never menial, so she wdll have 
no excuse for dirty aprons and soiled hands. Of 
course the nurseiy routine will, to a certain 
extent, disarrange her dress, but she should 
endeavour to mii^ herself tidy again as soon 
as possible. 

A good nurse will always insist on implicit 
obedience, even from the tiniest child ; but she 
will be very careful ifi telling the child what is 


to be done, and will never allow herself to 
become tyrannical. 

Good order should reign in the nursery. 
Little children dislike confusion am! misrule, 
and are mivde thonmghly uncomfortable by it. 
(itxxi discipline dtx's not neeessarilv mi'tin 
severity, and the utmost gentleness and Vindness 
are comjmtiblc with orderliness and (dn'ilieiiee. 

The nurse generally trikes her meals in the 
nursery with the ehildren, if she works single- 
handed, or afterwards if tlu‘rt‘ art' nurs<*mai(ls 
working umier her. Sometinu's she may lake 
her meals in the h()iisek(H‘|H>r's room, if she can 
leave her young elmrgt's in sab* hands. The 
nurst' shoiiid Ik' elever with her neiMlle, for slu* 
will have many hours which can Ik* profitably 
Kpemt 8C‘wing for her mistn^ss or for the small 
inhabitants of the nursery. 

THE UNDER-NURSE 

One or mon‘ undiT-nurst's will Ih» kept, 
according to the numlKT of children, and 
according also to the establishnn'iit. The 
under-nurse will clean thi* niirst*ries. seriil) the 
floors, swe(*p, dust, and light the fires ; an<l in 
every way she* should endeavour t<» lo'ep the 
nurseries neat and chtH*rful. She will carry up 
the nurw'ry meals and clear them away ; ami 
under the sujxt vision of the head-nurse she 
will lx* responsible for the dressing of the older 
children. Her sfiare tiim* will Ik* s|KTit with 
her necdk*. 

THE SINGLE NURSE 

In a small establishment, wlu're only one 
nurse is kept, her whole time will U' oeeiipied 
with her little charges. Shi* will probably Ik* 
assisted in her work by her mistress, who will 
endeavour to relieve her of the ehildren for a 
few hours every day, in ordt‘r that she may get 
the netressary H'st ami recreation. In most 
oases the nursirs outdoor exercisi! is assured, 
for she has Ui take her little charges for 
walks, and at thi* same time her own health 
benefits by the time in the ofM*n air. It 

is also important that the nurse should Ik* 
allowed time to associah* with her fellow Ki*r- 
vants. The greatcT part of the day w ill Ik* sjK*nt 
with little children, who may lx* very sweet and 
lovable, but at the sami' time may Jk* hanlly 
old enough t/O Ik* really (companionable. Thus 
it Ixeomes nceessary for the nursii’s own com- 
fort that she shoulcf Ik* given time to talk with 
the other maicUx*rvant«, and Ixeome friendly 
with them. 

Assistance with Nursery Work. 

The single-handed nursemaid will prolmbly 
need some assistancic with the rougher parts of 
the nursery work. Either the general servant 
or the housemaid will help to kcx'p the nur8erit‘s 
clean, scrubbing the floors, laying the fires, and 
bringing the meals up from the kitchen. The 
exact organisation of the work should rest with 
the mistress, and she should do all in her power 
to let each maid know quite definitely what 
work she is expected to do. In this way little 
difficulties which might arise are smmjthod over, 
and each servant can perform her work satis- 
factorily. 
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Nummr MmmU mnd 

ThB timet of the nnmiry metSt thoold be 
emaged by the mittree*, end the food preptred 
■hotUd be ordered by her. The nune shoiild 
not tilow ooa»Unt eating and drinking between 
nieala» and elioukt dtMcourage eaoeeiii ve eweet * 
eating. 

In the matter of health, the name ihoukl lie 
on the aktrt U» dete<*i iiymptomii of dineaiie 
of^ any kmd. Khe Khould at once inform her 
miatrt?»« of any iin|»oriant iiign. and ahoukl 
never tm^ume to done the chiUm*n hemelf, but 
act cmly under the doctor^ order*. 

THE CHARWOMAN 

The dtittr* of charH'omen vary mon* widely, 
|mrbap*, than thoiw' of any other ar^rvant. Many 
charwomen nu’rtdy act a* ck^er*. and work 
for a w'cekly for a triiain numlier 

of hour* every day. Their duluw in Ihi* case 
cun«iHt of awe<^fiing. cleaning, and du«ting room*. 
iKTrubhing floor*, and lighting Are* in cnild wi^ther. 
Such womim alway* provide their own fotxl, 
and in many caatw one woman may takt^ the 
rmiKmaihility for neveral ikd* of oftu*<w. 

Tile dutie* of the charwoman who go»»* to 
work in a private family aluo differ widely. 
In the ^ncrality of caaiw’her work will fttipplc- 
meiit that of the ordinary dunewtir iiu*rvant. 
Many miMtreiiae* arrange for a wcmiaii to come 
in once or twu'c a Wf»ek to help w ith any njaM ial 
cleaning that ha* to done. .She will be called 
in to do the roughiwt houMchold work, *uch a* 
lieating mat*, and ail kind* of rough cleaning 
1'he at'tual wagiw carm^ hy the char- 
woman will entirely dc|icnd on* the locality 
in which *he wurka.* She i« generally jiaid hy 


tbn boor or day, at tbo rate, in a town, of about 
Se. to 2la 6d. tbe day. The boun at which the 
charwoman ie expected to arrive and depart 
should be clearly stated at the tim3 she is 
ong^ed. 

Dwalrablo Characleriatica. The most 

cfRcient charwoman i* the middle-aged married 
woman who wa* a dom<*Hlir servant before 
her marriage. She will then be exjx»rieno^ 
in dorae*tic matter* and the routine of a house, 
and be more cajiablc of doing useful w’ork. 
'Ilic charwoman'* temptations are many, so 
her honesty should lie unimpeachable. She 
should lie punctual, neat in ap|H*arance, clean 
in the execution of her duties, and very thorough 
and painstaking 


THE DAILY SERVANT 

In town*, where ifnts are high, and the expense 
of an <*xtra U>d-room art* m’it(<*rs for careful 
consideration, many fsople find it desirable U> 
engage a “ daily ” servant. In a small family 
living in a flat a daily servant is commonly 
engaged, the hmit<*d spjwe in the flat making this 
arrangement mon‘ convenient. 

Hie dutusi of the daily servant will, in this 
case, lie iIkmm* <»f a “ general,” except that, as 
the Hat is generally small and the rooms fewer 
in ntimU>r than in an ordinary house, her 
dutuMt will Im‘ k‘*s artluous 

Her wttgi^ will Im' corrcsjKindingly higher 
than thorn* of a »crvant living in. for though her 
Uiani in provi(li*<l. she has to mike her own 
arrangement* for lodging. It is impossible 
til state any tixeii wage, sinee the rati* of jiayment 
varkw so widely ; but the average wage is from 
7s to 10* jK*r wiH'k. 
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8 Ib. of 6Mh thkkntt would bo wiotad, 
and 6 lb. or ao of fioeoj woob (in white end 
pkitt oobuni). Of feiu^ wook (which an told 
by the bell)* one doxen balk would be needed of 
rabbit wook, and theiMie quantity of wook. 
Tbaae are not in plain thread tike the othen, 
but make up, in the cate of io© wool, like antra- 
ohan, and with rabbit, like fur. Oiitnch wool 
and Hmyma wool (for Oriental niga) an* likewiae 
in favour. Then we eomo to knitting ailka 
(MMPokled and plain), for dainty aocka or for 
ect^im. THeae are in faal dvea of all coloum, 
and rearaaHa ailka ar*j world -known. (>f theae« 
about 6 lb. would lie required, in 1 oi. balk, 
four balk bfiing required for a pair of gentle- 
maii*a aooka. jhen there are embroidery ailkii 
of rarioua kinda---twiated hloaelle, ftio floaa. 
twitted flannel, and purae ailki. Thiwe are aold 
in different ooloura and aeU of ahadea. The 
purae aiika are the moat ezpenaive, and hlnaelle 
and fllo floaa are uaed prinri|ially for em- 
broidering nhaaublea, atoka, altar-eiotha, and 
eoeleaiaatical veatmenta. The embroidery aiika 
are aold in packeta, and a careful w'lwtion of 
varioua coloura ia neceuaary. The tame npptiiw 
to embroiderv oottona (white and ingrain) — 
which are aold in akeina—and to HoiiriMlung 
thread. An eziienditure of £5 would give one 
a very fair aeloetion of embroidery needlea, 
knitting pint (Ixme, wood, vulcanite, ami hUhA), 
crochet necxllea, rug needhw, netting m^KlIw, 
and meahea (in wood and bone). In thia cate- 
gory we might alao place* tainlxiur franitw, 
ai^uare framea (for working on), and wool- 
windem. 

Th« Acownnorlwn. Boaidivi the actual 
maieriak mentioned there ought to lx* a atia'k 
of ariiclea for embrtudery in ailk or cotton, and 
cither cHilourcd or white. Among auch are 
table -centrea, ducheaa aeU. nighUireaa coM^a, 
comb-baga, linen laiga, antimac'aaaam. tray- 
olotha. doyleyv. and hem-atiU'hcd and drawn 
work. Ako aquama for cuahiona muat not Ijc 
forgotten. Tl\e name thing ia obtainable m art 
aerge, Roman aatin (for aofa ruga, jK>rtu^nw, eU' ). 
pure aatm. ailk, or other fancy materiak. Thtvie 
are uaualiy bought ready-made, with fancy 
patCema on them. A ft*w uaira of trac(*d 
altppera, aoroe eanvaa to be worked in wt>ul. and 
tobacco-pouchca. luwcea, ahaving-camw, are all 
uaed for embroidery. 

Then there are numbera of made-up gmxia. 
auch aa aofa-cuahiona, tea-coaiea. egs-coaiea, inn- 
euahiona, and tidiea, handkercht^ and glove 
aacheU (hand -painted on aatin many of them), 
which m^ht be atocked. A amallatoi'k ahould lie 
kki in of auch thinga aa cuahiona covered with 
cfetmine, ptncuahiona. and other fancy articka 
for ladka’ own mounting. Many linen articlea 
art aold with the work ataried (apraya, flowera, 
monograma, etc.), to indicate how to proc<«d. 

!t would hkewtae be well to include a aupply of 
txaiwlar pattema. Tbeae are uaed for ironing 
dakfM on bnen or ailk ; nothing with a pile 
ttpoo it like valval can be transtorred in thk 
w^. Booka of (kaupui are to be obtained. 

Of lata yaaia Tenaiiflm work haa become vtuy 
popular. 
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Cruditn mad Prioeu. The tame ooci« 
ditions fagarding opening orden hold good in 
the Berlin wool trade aa in drapeiy and ita allied 
branchca. A aure capital (though amall) and 
good credent iak will cnaurc re^y acceptance 
of ordera by any of the large whole«Mile houaee, 
and much aalutary' advice regarding opemng 
aekwliona will Im‘ obtaincxJ from the accredited 
exfvrlx of the trade Tlie drajier, of course, is 
cutting largely into the trade, and new openings, 
w'lth a chance of full pnc<*«. are not frequent in 
large centrre, and fmrticularly in the metropolis. 
But even the large dra|XTy houses look on the 
art mxxlk'work department as one of their best 
flaying sei’tiorw, and the average rate of profit 
is put at from 30 to 40 fier cent, on wholesale 
pnees. The wlc^ction of kOkU and the rate of 
profit ehargwl would, as in all businesses, depend 
iifion the mughlioiirhiKKi. In some localities, 
for example, laie-making is the popular form of 
aork. and in nueh eas<»s materials for lace- 
maktng aould U- st<^K k(Hl in greater proportion, 
and prices would U- profK>rtionat<*ly less or 
gn*aier, a<'c-<>rding to the amount of comfH‘lition. 

Methods of Cultivating Buaineaa. 
With a view to fjirming a connection, attractively 
drawn up circuUrH should lx* sent out in the 
neigliUnirluHxl. particularly to the mistressi's 
of girls' schrxilH and kindergartens, and to the 
nieni tiers of church muxllework guilds (»r Dorcas 
s(K ietH*s The circ ulars should call attention to 
the fact that c ustomers may reccuve instruction 
in the work if desire d. If it lx* possible to form 
ciasHtxi for U'aching embroidery or any form 
of laoe-makmg. etc . it will lx* found profitable 
to charge rather lou fees for the tuition, as the 
primary object of such elass«*s is to sell the 
niat4*rials usckI. Within the last few years the 
revival of embroidcTV as a trimming for ladies' 
drt^fimxi and blouscm. and the great jxipularity of 
coarse crcx'hel la<’c, t*sp<»<'iaUy Irish crochet, 
have created a frt*^!! interest in Ixcih branches 
of industry, w'^hich at prc'wuit arc? proving a 
profitable form of home employment to many. 

In m>me country towns the* oMiiers of Ik'rlm 
woo! shojw also keep a registry’ office for 8<*rvants. 
This provtw us«*ful in bringing a numlx*r of 
ixHipk* to the shop, which should be very taste- 
fully arrangcxl, with tiic noveltit*s prominently 
displayed. The windows should lx* attractively 
dnxwed Init not overcrowded. The saleswoman 
ahould keep herself well informid as to new 
fashions and fancies, |>articulars of which will 
lx* found in the art needlework journals, which 
alumld ako be slocked and sold. 


Thepp arc some trades which, though by no 
means extremely profitable to Uiose who enWe 
in them, have at least the advantage of iJiL 
pleaaant to pursue, and of these we may say that 
none is pleasanter than bookselling. 

We hai^ met booksellers who had better have 
taken to butchering or innkeeping, so ignorant 
indiffemt were they to tL interesting 
^tum of tfaeir work, having, for ingUmoe, never 
heard of some well-known authors. We ako 
know a librarian in charge of a great library, in a 



proTlneiftl eity of half a million inhnbitnnts, who 
wnt undor the improMion that Mr. Robert Barr 
was the author of The Little Minister " and 
“ A Window in Thrums.*’ These are the round 
pe^ in square holes, mentioned in the article on 

The Choice of a Career/* in the first part of the 
Skijt- EnrcATOR, and we must not stay to consider 
them, hut need only urge that no man who is not 
naturally fond of handling— not necessarily 
reading— books, and w ho is not interested in the 
names of authors and the works they have 
wTitten. should contemplate for one moment the 
busin^'SH of bookselling with any ho|>e of succt*ed- 
tng therein. 

The BooKaeller's Aaaiatant. As the 

l)eginning of eveiy^ successful man is in some 
humble petition in the trade in which he has 
made up his mind to excel, we begin with the 
bookw*ller*8 assistant rather than by describing 
how' to start a bookselling business, (liven the 
taste for l)Ooks, a good memory, a bright addrc'HS, 
hardly anyone w'no desires to become a b{X)k* 
scdler n<*ea fail of the opportunity. There is no 
formal apprenticeship nowadays, and the con- 
ditions of employment will vary in every town, 
if not with every employer. In London, a 
youth will he taken on at lOs. or Cis. a wtv^k to 
learn the business, and in the course of five or 
six years— but largely according to the ability 
he displays — be will be accounted a fully- 
qualifitxl assistant, his salary varying from 30 h. 
to £2 a w'(^*k. A chief assistant, where the 
proprietor is manager, will seddom get more than 
£.3 a w’t^k. and £4 would Ije thought a good 
wage for one in charge of a considerable hook- 
s^dling business. In the provinces a lower scale 
of w'ages IS the rule ; but. us living exfM-nstni are 
much l(*Hs than in Ixmdon, the remuneration is 
proportionaUdy as goc^d. 

Hiu Duties. The duties of the young 
asswtant are at first limiUHi chiefly to opening 
the j>aretds of l)Ooks rweived from the wholesale 
housiw. checking the invoices, and placing the 
lKK>ks on the shelves or in the stock -room, 
according to his instructions. In London he 
will often have to go to the wholesale houses, 
or perhaps to the publishers, for hooks which 
have bet*n specially ordered by customers. In 
the provinces there are also many large firms 
that confine their energies to the distribution 
of books and periodicals, though a good deal of 
corresjKindence is necessary in the case of pro- 
vincial booksellers, as it is not always possible to 
secure an uncommon book from a local wholesale 
house, and it must then be ordered from London. 
The assistant who has an aptitude for lettering 
will be most useful to his employer, and we would 
advise young men, seriously aiming at success 
by making themselves of the greatest possible 
use to their employers, to go to the trouble of 
taking some lessons in designing, so that they 
may be able to write neat tickets for placing on 
the books in the windowrs. The bookseller who 
is abve to his bnsiness knows how much good 
may come from neat little cards with some 
special wording on them ; not the same as every 
other bookseli^ may be showing, but something 
mndi more personaL We need not detail the 
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Other dutiee of the young aeaistant, which can 
be eaaily dieohargea by any 3routh of average 
intelligence ; but of vital importance is the 
cultivation of the memory. 

Use of the Memory. A iKXjkhcller’s 
assistant who has ti dcfwtive memory is a 
nuisance to every Uxly concenuKi, and ought to 
leave a busint'MS in wliieh he can never hofs' to 
succeed. Why ? Bwaiise, w hen a cunt tuner 
comes in and asks, let us say. for an tdilioii of 
('haucer without knowing quite which edition 
he w'anU, the assistant who can immediately 
tell him there is an edition at 3 h. fid., by the 
Oxford Press ; the great etiition by Professor 
Skeat, in six volumes at £4 Ifis. ; aiul thret^ 
volumes in the World’s Classics, at Is., and soon — 
the assistant who known this is distinctly up to 
his business, and the one who d(K*8 not tnow' it 
without wasting the customer's time turning up 
catalogues, and thittering al>out asking ({uestions, 
is an iiicomp<*tent. A eourst^ of memory training 
should 1 m> undergone by every ambitious assistant 
who is not naturally giftt^U with a “ head for 
titles.” We know men who siddom read hcaiks. 
and are in no stmse to he regarded as persons of 
literary taste, yet there is hardly a lunik pul»- 
lished within the lost twenty-fivi' years whi<4i 
they cannot tell you alumt - title, author, 
publisher, price, all are regish'nd in their 
memories, and you have hut to ask to he cor- 
rectly informiuJ. Tliesi* are the ideal hiu^k- 
sellers. The puhlic don’t want literary o/ii«ir/rwr 
from a iKKikselliT - they want inforwafitm. 

Opinions and Knowledge. The latter 
quality the assistant can aciiuire by I’arefully and 
regularly following the trade papers, such as the 
” Publishers’ Circular” or ” 'liic Athenteuin,” 
noting the names of all new hooks, and judging 
hy the reviews wludher they arc likely to lu^ in 
demand, and hy what clasH of rea<iers It is 
(juite in order for an asHistant to remark to a 
customer, ” I notice this Uuik is favourably 
reviewed in ‘ The Times,’ it is greatly in 
demand hut for him to say, ” I have read this 
b(K>k and think it admirable,” is generally 
an impertinence. 'Phe average assistant is not 
qualifitnl to pass opinions on the hooks lu' h<‘11h, 
and nothing is more irritating to a ju^rson of 
culturcui literary tosUi than to have some for- 
ward youth giving his ill-digested opinions on a 
work of liU^raturo. His business is to know 
where the l»ook is, to get it instantly ; or, if it is 
not in sUx'k, to say how' soon it can tsi supplied ; 
Y* know the exa<d price, and not to Iki familiar 
in his conversation, Imt deferential. 

The BooKeeller. It is. of course, not 
easy to draw the line l>etwoen the duties and 
qualifications of the assistant and those of the 
bfiokaeller himself, as those merge into each 
other, and are entirely conditioned hy the 
peculiar circumstance of ea<h case. But wo 
can host be of service by Aupposing that one 
who has l)oeD an assistant mr a numlu^r of 
years contemplates starting for himself How 
will he go alK)ut it ? 

First he must know the terms on which 
books are obtained Books are sent out from 
publiahing houses at 33| per cent, less than the 
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pal>llihad prioe, but ih$ bookteUM* bat almm 
to paf 0 ama^»aiid totboieiii theprofiiioMtbk 
It a haoiry item. Ibiis, a noTel, which leUi 
Miatl at 4a. 6d., ia boi^t hr the bookarUtf 
at 4a. 2d,, thirteen being giren aa twelve. 
Different fiublsahem have difkrent tarifla, but 
thia we may take aa an average. So that, 
if a b(M)kM*ller can <iiapoee of thirteen copioa of 
a new 6a. novel, he niakea a profit of 8 ji. 6d., 
kma the coat of carriage in the caae of a country 
buaineaa, and the nectvtaarr ahop eziM^naea. 
There ta a rlaaa of Ixiok which i* far more 
t^hiable — “rvpnit*’ and juvenile lit*»rature. 
Such booka are tiaually aold to the trade at 
half price, thirUM*n eopiea of a la. book, or an 
**a«aoried" Ki 12, cMwttng the retailer 6a., and 
realiaing 9a, 9d , which ia lietter Imainewi 
than novel'Mdting, and involvea kaa riak. <Vm- 
acKluently. many FKK>ka(dU*ni look upon thia claaa 
of lifH»k aa their “ i>rea«i -and -butter ” : Unng 
alwaya in demand, they can atock atifftiicnt 
quantiticNi to aecure the full trade dMcount. 
and l>e aaaured that, aooner or laUT, they will 
dia)MMH* of the aUwk. whereaa noveU arc alwaya 
a kHlery, and aometim''a involve the ventureaome 
iKXikaefhir in aerioua loaa. It often hap{M*nM 
that aomc novchat iiiakea a gn«at hit with a 
iMKik, and the iKKikatdlera are t(«mpt4H| when 
that writer'a next work ta lieing *' auliacrilied ” 
to onW a gotal quantity. It falla 6at. and the 
laxikacllcrM are left with unaaleablc atuff. for 
wliich they have had to imy 'Fhi'refon*, 
uncoaaing can> haa to U' taken not to ** jdunge,” 
and not to anticquite ao much aa to follow 
cloae upon fniblio taate. Net liooka are 
perhap the moat aatiafactory* of all to handle, 
and yield a profit of 7J |K»r ceqt. to the ri'tailer. 
In Utia claaa are includi^ all aorta of technical 
worka, which are ptihiiahtHl at all aorta of 
pricea. A 15a. educational work will thua yiekl 
the retailer la. IJd.. a gixid deal loaa in jm>' 
piu'tion thiMi a *’half-pnw*’ book; but worka 
of thia kind are uaually obtained to order, do 
not need to be atoc'kea. and involve no trouble 
or riak whatever to the dealer. 

Dwmllng with thw WholeMlem. 
A iHxikmdler may either buy dirtH'tly from the 
publialiera or from Uie whoVaalc houaea. Tlie 
great majority of the n*tailera deal vrith the 
laige diatributing agenciea, for only thoae who 
can order large quantiUea of Inxika can afford 
to trade direct with the puhliaheiw, who aupply 
their own liat of booka only. The large dia- 
trilHiting firma in Ixindon and the leading 

C vincial eentrea have vaat numbera of* 

kaeilera who run accounta and get all 
their booka from them, and tlieae tinna empkiy 
travellen who call upon their cuatomeiw 
to abow eopiea of the more important forth- 
coming pttblicationa. There ia no book or 
magazine too amall for these great firma to 
aupply, and the eonatant complainta which 
reach puldiahem from readem unable to secure 
oopiea of their booka or magazines are proof 
that many bookiellen simply do not know 
their buameaa, or wtU not be at pains to securr 
for their customem the books or papers they 
ttcwt desire. In passing* we may remark diat 
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the jronng who can get into one of theee 
large wholesale houses for a time in any sub- 
ordinzte cap^ty will learn much that will be 
of value to nim in the retail trade. 

Ofianlng n Shop. We now come to the 
question of opening a shop. Nothing definite 
can be stated as to the amount of capital 
it*quir«l. One man with ex|M«rienw and know- 
lc<lgc will make a iK'ttcr atari with £100 than 
another lacking thcae qualifications will do witli 
i.50tt All di p-ndd u|K)n the man and the local 
conditions There an* so many varieties of 
lifKikai llmg that we ( annot describe* them all. 
But w'c will take three of them. 

1. lliere i^^. first, the pure IxxikaelhT, who, 
iteh'cting w»ru(* high-elaas hK’ality — perhaps in 
the neigh lK>iirh(HKl of one or two schools attended 
by the children of the iM'tter elaaaes — determines 
to m*ll 1 km » ks only, and to stock the lx.*8t class 
of litiTatiin* and ediieational works 

2. Another ty|K‘ is the iKK>kseller who com- 
bines Uxiks of a gcKxl class with cheaper 
literature; standard libraries, like the “World's 
t'UssH's ”; iMirt pul>h<*atu)n'*, like the “ Harms- 
w'orth Kncyc‘lop:i‘dm “ ; and monthly maga- 
wnes. togetle r with picture jKWtcards. fancy 
giKsls. and statu mcry. 

3. 'Hie lMH)ks'*llcr. newsagent, and tobacconist, 
who deals iilruost entirely in “ half-price ’’ 
iMKiks of th«* ' hn*Hd and-hutter “ variety, and 
m all sorts of |K*nodicals. as well as tobaccos, is 
a large factor in the trade 

Three Kinds of Bueineeeee. Ob- 
viously, the first of them* requires the largest 
eapita'i. as his rent will U* gn^atly in excess of 
the others’, the value of his stock much higher, 
his accounts longer outstanding, and his whole 
’‘style ’ much more exjsnsive to maintain. In 
the end his profits are often not greater, and 
are sometimes h’ss. than those of the other 
elassea ; but his jamition m miciety is Hujierior — 
h<‘ IS k*<w of a tradesman and more of a pro- 
ftvisional. It is clear, therefore, that unless 
one has sufficient capital to wait for a year oi 
two bt'fort* setMiig any very sulistantial results, 
the first class of business is not one to lx* lightly 
entered ujKin 

Tile lKH»km*ller and fancy goods dealer repre- 
s<*nts a line of business in which the returns are 
likely to be quicker and where a smaller capital 
will enable a man with indiiKtiy^ and business 
M'urnen to build up a profitable trade in a 
much aliorU*r time. [See Fa my Goods and 
Station EKY.] A valuable adjunct to this 
class of business is U> securt' an appointment as 
a branch fiostmaster, which, while it does not 
mean a great deal in the way of actual income, 
for the money paid is usually lees by a good 
way than the ser\1ces rendered, has indirectly 
an important effect on the business by bringing 
a large number of fxiasible customer into the 
shop. (See Post Ornez ] In the case of the 
better-class trade, however, this is a thing to be 
avoided, becaii^ the postmaster must admit all 
sorts and cemditiems of people into his shop, and 
this constitutes a drawback to the high-clam 
trade. The locality must be as carefully chcasii 
lor the second darn of business aa for the fiist. 



A taborbaa district is most suiul^ and the 
da« of Uteratoie will be largely conditioned by 
the local tastes. As a role, it u not of the 
bigbaat nor yet is it of the cheapest A lending 
libraiy, in which books are lent out at twopence 
per we^, can be run with profit in connection 
with such a business. Numerous secondhand 
dealeie in London will secure current novels for 
use in such libraries at considerably less than the 
trade price soon after they have b«en published. 

The “ bookseller, newsagent, and tobacconist” 
[see under these respective trades] implies a 
lower middle • class, or working-class locality. 
It means very long hours, as one must be astir 
early in the morning to see that the fiapers are 
distributed to the errand-lads who take them 
around to the houses, and the shop must l>e 
kept open later than an ordinary booksc'llor's. 
The bwks sold are the very cluMipt'st, limited 
almost entirely to reprints of stanrlard authors, 
at Is. or Is. 6d., together with juvenile literatim', 
from the 3d. toy-book to the 5s. story by Henty 
Manville Fenn, and others. The stationery 
would also be of the cheapest kind. 

The w’hole secret of success in any of the thriM.' 
grades of booksellers we have indicated is to 
chiKiso carefully one's location, and. having 
chosen that, to cater as carefuUy for the tastes 
of the locality. 

The BoolleeUer et WorK. Of course, 
the clerical side of the business is very much the 
same as any other, as far as bo()kki*eping and 
accounts arc concerned, so w'e shall not enlarge 
u(K>n it, nor upon the need for accurate 
monthly statements, whore dealing with n^gular 
customers ; but by far the greater part of the 
business will be cash, and each one will evolve 
for himself the system that best suits his require- 
ments. The most important matter is the pur- 
chasing of stock. The bookseller must beware 
cff the traveller for the wholesale firm until ho 
has proved him a reliable judge of the literary 
market, remembering that it is his business to 
get the bookseller to subscribe for as many 
copies as possible of the forthcoming book which 
is going to have a bigger ” boom ” than any book 
that has ever appeared before. But really no 
advice can be given as to purchasing stock ; 
nothing but experience will tell a man what sells 
in his neighbourhood. He must be guided very 
larroly by the demand at the counter. That 
is his criterion rather than the opinions of the 
iiteranr papers, or the enthusiasm of the 
publisher s traveller. 

Sttidirifif the SeMons. Of the utmost 
importaaoe is a shrewd observance of the vanous 
seasons ; showing and stocking just the kinds 
of literature for the changing year. Christmas 
literature is so obvious that it need not be 
mentioned, but far more might be done 
booksellers with maps and guide-books if these 
were judiciously bought and displayed at the 
beginning of the spring season. And good 
re^ts from grouping CK>oki of the same character 
together at such sea ons, taking, let os say, 
20 or 30, or doable Uiat number, of U^t novels 
for window display, under the generd heading 
of R ead m g for Summer Days,’" in Jose, July, 
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or August If there are schools in the 
neighbourhood, especially, and often if there are 
not — for there will be scholars always — some 
show of educational books, chosen with due regard 
to the character of the local inliabi tents, should 
be made about the beginning of September. 

Publicity. Advertising is as im}K)rtant 
to the li>cal l)ooksi'ller at to the gn^al publishing 
firm. Every publishing house is only too 
delighti'd to supply, on apolieatiiin. advertiHing 
matter, say. for a new b(H)k, a new magainine, a 
series of Ixxiks. and the iHKikw'ller is w ise who 
distributes them' eireiilars, oftim pri'inirtnl at 
great cost, bi'aring his own name ana luidii'ss 
impressed by a rubU'r stanip, or even printiKl, 
if ne hap^H'tis to have a small [irinting pn^ss. 
Sueh a press, by the way. is a very ginxl thing 
for the enti'rprising iKiokstdler of the WH'oml 
eloas U) possess, as it stKin jmys for itself and 
mms a gtaxi profit, the wages of a jobbing 
comjiositor and a erfipricr-lioy not iK'ing at all 
difiieult to mwt with tlie amount of printing 
noleheods. invoiees, visiting eartls, ete.. whieli 
can thus U' done “with neatninis anil dispati’h,” 
Tt eosts wonderfully little to kwp one's name 
iK'forc* the local public if all the fiu'iliiies art^ 
Uvken advantage; of. and the laKiksi'ller who dix'S 
not advertise, by mmiling eireulars round the 
neiglsiurhood. continually changing his window 
and devising new and attraidive tiekets for the 
iKioks he IS showing, cannot ho|M‘ to proH|K*r in 
tht^se days of extreme competition. 

Home of the larger booksellers issue elalx)rato 
and costly cataloguers in W'hieh they give spoei- 
men illustrations — supfilii'd by the publishers — 
and admirably arranged lists of new and nrcent 
lx>oks, most of which they have in stiK’k or enn 
get in lui hour or two. Tliis, of course, is the 
princely way of doing the thing, but it 
means increomr of business. Others, again, 
have taken to advertising their namers in the 
local papers as having in stock, and willing to 
send to any oddnrss, a given list of thi* latest 
lH>oks in fiction, science, and so forth. Both of 
these methods are, of course, lieyond the Ixrginni'r, 
and presuppose considerable capital and an 
already established business. 

Studying CustomerA. With iKKikscllers 
of the first class, es)KH3ially. there is gri‘at ni'ed 
for studying the individual tastes of every 
regular customer. We know, for instance, of 
several large booksellers who are so familiar 
with the tastes of many of their customers 
that they can tell to a certainty which new 
books are likely to interest them, and will fear- 
lessly buy these books with the knowledge that 
these customers will take them. Indeed, in 
many cases such clever booksellers secure the 
boolu and send them out to likely customers 
on approval, and the amount of good business 
that may be done in this way is really wonder- 
ful. But it requires a 'man of very shrewd 
judment to work on these Hn<«. 

While we have deprecated the presumptuous 
assistant urging his viewoi of literature upon 
customers who, in all likelihood, are much better 
informed than himself, we must point out the 
need to be alert in placing new books before 
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vnuf liWy haytit, onkiTAtinff h*bit ot 
pWiiwnit ooanmtion, ind fredy showing sny 
work of tmutiuil inimst to tho customer who 
seems inicrosted m insisting the stock. 

**SpwciAl Tliefi, of course, in 

hookselling, as in every other trude, it is well 
st timirs to up some sfiectal line which attracts 
buyers. Annual saUw, in which Uxiks that have 
not gone off so w'cll as was anltrifmied an* 
marked down at a U»w <igun% mav, !>>' attracting 
increase of cusUunem. do soroetfiing to re<it^*m 
a loss, and it is alwavs well to make a show 
of a local author, or a fsMik of IcK'al interest, and 
to puah it “ for all it is worth ” ; though not 
to mulaU* a Nottingham Uxiloietlcr, who Ixiught 
such a sUM*k of a novel by a l(M*a) wnt^T that in a 
few wis^ks he was glarl to ticket the Inxik at fki. 
per copy less than he had |*aid for it. A volume 
by a Kxral rainist<*r whose semions have Ixxm 
publiahed by some gcxxl publishing house— lait 
never, oh, never ! one who has ba<t liis dull 
discHiurses printed at his own exfx*nw by ixime 
tenth rate firm— is a gixxl line on w fuch to 
SfMHMalise for a while. 

Another thing that every enti'rprismg lxx>k* 
seller should do is to arrange with some firm to 
|irinl a Ixxik of gotxi hx'nl views which will wll at 
a reasonable figure*, and. by carrying his name as 
publisher. Ix^ an aelvertisement of liis businims 
wheri'Ver it goes. A Ux:ial guide- Isxik, cartdully 
compiUxi, is also another sun* scdling pnxluction, 
quiU* within the iumi{x* of any IxKikm'ller. 

Oth«r Adjunct*. In aelditiori to the 
several adjuni'ts to the Ixxikseller's busintws 
already mentiomxi. then* an* others equally 
worthy of consideration, which we may brietly 
mention. Onlers will, of eourm*, lie taken for 
Viook binding, but in this matter the lxM»ks<‘ller 
can only aid as an agent until he has fonmxl 
a eery wmsiderable business, whieh would enable 
him t4) engage a skilled bimler. and do the 
work himst*U. IVint selling and pictun* framing 
form a natural ixmi lunation with lKK>kH<*lling. 
and Ixith are fully descnlxxl in another |»art 
of the SELr-KtircATOR. Then, wdien* s|ia(*t* is 
not so exjieiuiive as it is in the htmrt of the 
great towns, but w'herr the ^xsMtton is still 
sufficiently central, a ri'ading and writing rtxmi 
is a gixxi thing to pntvide as an attraction to 
customers who an* mem tiers of the krnding libraiy 
I'oiinectetl with the sliop. It very stxin |m\Ti for 
its4*l( : and ev<m afternoon teas might be pro> 
vided at a (*ost w*hich will make them pniHtable. 
A ser\*ants* registry is another um^ful and n^* 
munerati^'c amicy that may be started. And, 
in a word, the struggling bookselk'r must not 
mat eontent until he has tru'd every possible 
adjunet which ean reaaonahly be associated with 
his business ; for it is all too trtie that book- 
•ellmg akme, unless in veury special eases, is by no 
means a ve^ mtnunermti^*e business now ada.vs. 

SncondMiid EodUMltiaf. In some 
ways the secondhand trade is mom attractive 
than the new. It requires of its foUowera a 
thorough love of books for their own sake ; a 
"apeetaluMd knowkid|te of the value of old bo^ 
srhoae puUiahed pnees do not always bear any 
ratio to the prioes they may fetch from people 

im 


Who want them, and quick dedaioii in aatlinat- 
ing the worth of a buxidle of old booka put np at 
auctioa, a secondhand dealer having to attend 
numerotiA tales in search of hU stoefc though a 
great deal can also he had by private treaty. 
Withal, the margin of profit is far better than it 
is in the new trade, and there is no danger of 
anything losing value by liecoming shop^aoiled. 
It is m the s<*condhand trade that we look for a 
man of real literary knowleflge, and, although 
we mi*et many who are utterly incompetent, the 
fact that such can make a living indicates that 
the man who do<w know booka and their value 
lUHxl not fear failure in it. 

About Catnioguea. Cheap postage has 
lxx*n a git'at Ixxm the secondhand dealer, 
and cnal>h*s a man of moderate enterprise and 
mixlerate capital U) push his business wonder- 
fully. He IK wisi* if he HpeiMalises in some par- 
ticular liranch of literatun* while still handling 
all sorts of Ixxiks. He might make medical books 
his sfxx ial line, or Onental lxK)ks, 
or s|x»rt. travel, |xH‘trv, or “ first 
most itn)K)rtant feature of the secondhand trade 
IS cataloguing. If |H>s»ible, monthly catalogues 
should lx* H4*nt out, eefiainly every second month 
a rcviwxl catal«>guc should be forthcoming. 
'Fliere is nothing of a s|x»<*ial nature* to say about 
a eatalogue. as one is like another, and so long as 
it is pn)}xTly arrangid in alphabetical order, 
with the nn tin's of the Inxiks clearly stated, 
pmx's and dat<*s given, no more ean be done. 
Some slovenly dealers wnd out catalogues which 
art* a men* nn-ss of w'n»nglv »tx*lt and unclassified 
titU*s, usually pr(xJuc<*tl in a slum printing 
houm*, a thing that makt^ one afraid of getting 
dim*asc from touching it. It pup to print a 
catalogue well. Who’s Who," The Literary 
Year l^xik,’’ and other works of rt'ference, con- 
tain any numlx'r of addressiy^ to wdiich it is 
advisable t<j jx>st each new catalogue, and thf? 
volumt* of business which can thus be done 
through the |H>st from an addr(*s8 in some 
suburb, or. mdtxxi, frtmi any iiart of the country, 
IS surfirising. The youth who hem the love of 
Ixxiks in him need kave no difficulty in finding 
an o|x*ning with some secondhand dealer. 

Tne ** &acK*Number’* Busine**. We 
net*d only add. m (conclusion, that for one who 
has some little capital whah he can lay out for 
a few years, and is in no immediate ne(^ity of 
a return for his money, there is a good opening 
in the *' liack numlier " trade. The idea is to 
buy old numbeiw of all the best magazines and 
part periodicaK ha%'ethem properly examined to 
find if they are perfect, and then store away in 
order of their dates. There is a constant demand 
for such back numbers to complete seU.and the 
dealer ean afford to sell them at half-price and 
make a handsome profit, as a sack-load of back 
Dumbem will cost him but a shilling or two, and 
may contain scores of magazines which in a few 
j-eaiw will sell out at thirty or forty times what 
be paid for them, his profit being justified by his 
waiting and the cost of the space he must devote 
to a large stock, for a large stock is to 
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F «dclition to the methods of rejiresenting 
vowels and diphthongs shown in the 81*000(1 
instalment of this course, there art* other 
devices for vocalization einph^yed in the 
Pitmanic system to which the student is now 
introduced. By mastering these iiisiruotious 
he will complete his knowledge of the methods 
used for the accurate representation of all 
ixissiblo ci^mhinations of vowel sounds in the 
language. 

Vocalisation of 'PL and PR. The 

and pr series may sometimes be used to obtain 
a gotnl outline, even though an accented vowel 
ccunes between the two consonants. In such 
a ciiHO the lonc. dot vowels iiktween the two 
letters are expressiHl by a small circle beeoue 
or above the consonant stroke ; thus 

rhnirrmin, ru.H/iiVmf, souvenir. 


The SHORT dot vowel.H arc indicated by a small 
circle placed aktek or i;ni»eii the consonant ; 
tl.u 8 Y ^ 

durh, fjnaii, (ierninn, 


In cases where it is inconvenient to observe 
this rule, the circle may be written on either 
sidt% for either a i^»N<i or a short vowel ; thus 


retjiirdy engin^t^r. 

A stroke vowel or diphthong is struck through 
the consonant ; thus 




Bchmtl, recitrd, iiurtur^. 


but accented vowels may be inserted ; thus 




x>- 


/KTr/r/, ptrisri. 


W and Y Diphthongs. When 1C or 1/ is 

followed by any simple vowel, a diphlluuig is 
formed, which is represented by a semiciivlo 
written in the same position as the simple 
vowel ; thus 

iih (lie wriA write yak yuir 

eh ok 'wek cj> woli yeh yoft 

ee (H> W'cr* W'(>(» yrv ^ ^ yon 

The foll«>wing are examples of the use of tlu* 
abovt* signs : 



s<»muv*, railionj^ flcrii/vr'd, vhomoliiy 

^ ); V'' ''' 1 ^ i 

Indiutvi, a.worra/r», yf'orUj^ folioy youth. 

The saim^ signs written i.kjiit rejrreseiit 
difdit hongs formed of 1/' and y and t he siioiiT 
vowels; thus 


rt i' 0 wd 

' \ ’ wo 

yd 

yo 

f 'r u y>e 

w /7 

y^' 

yii 

( 00 W'l 

W'OO yX 

.!r, yaii 

The follow ing are 
above signs : 

examples 

of th(! 

use of the 

c. 1 ., 



\ 

thwack, twenty, 

tifinyc. 

tnenioir, 

jHisHvutrd, 



'C 


lamlt s- Wot d, 

serial, alien, atheist. 


Single stroke words vocalized in the above 
ways are halved for cither t or d; thus 

ct- H 

court, cold. 

When an initial hook or circle would inter- 
fere with a first-place vow'el or difdithong, or 
a final hook or circle with a thini-place vowel, 
the vowel-si;m may be written at the be(;inm>g 
or BJCD of the consonant ; as 

Ttr *^0 

child, dormouse, coriH/rtitian, 

Jigurationy figures. 

It is seldom necessary to vocalize the pi and 
pr series to mark an unaccented vowel ; thus 

pemiiy vocal ; 


jHilriof, jntrouH. 

It is in practice rarely necessary to make any 
distinction between light and heavy signs. It 
will lie seen that the hides of th «5 circle t!> 
represent the w dijihthong, while the lower and 
upper halves - 1 • represent the y diphthongs. 

The right semicircle ^ representing vnitv or 
ICO may l»e prefixed t/o a stroke consonant where 
it is convenient ; thus 

1 ) ■ ^ 

U’fdk, wetter, ir'tlrher, urisker, war, warp. 

Tlie left semicircle is prefixed to downward/, 
and the right semicircle ^ is nrefixed to k, gy 
my mp, to represent w only ; thus 

Wmiamy WiUony wakcy wig, womaUy wampv^ 


•NMTHAMO 

Thw M nlfTiiyw retui Jird, mo that when 
A vowel jirti»ciid*5»» le the itnike imutt tie 
written* and ikH the a(»tfrevtatton, thua 


ttieiAv, wiifir. 


IftltlAl AW. At the t»e$(inritn(( of a wonl, 
the vowel aw iimy be joined U* upwur<l I, a* 

V V V C) 


aui, aU*r^ aUmtiutn; 

and the lo}^o;(raiii ' oir (all) may \w joine<l 
in coiii|K»uiid worda iM^ining with *Ul or al ; 
thtiM 


Almnfht y, 


v1 

o/midy, 


> 'v 


all- wine. 


DUyttabIc Dlphthonfs. In additiMii to 
the Higtw already given for diphlliotij^H, uniat 
of which are iiioiioNyllabic (or one ayllahh ), 
the following aerieH of angular charact«*rM ih 
eitifiloyiHi for the rtMireMeiitation of diay liable 
(or two Nyllahle) dipfithongH . 



ah r/i-i, fi i\ oieo, o/i-i, (Tmi-i, 


aaiii /M 

a4“/fi'oi/, I’t'itij, haa'fir'if, /taw'i/, nto'$t\ hru in. 


Themi aigtiM are written in the aame placea 
aa the long \owelh, and uia> lie umnl to exprena 
a long Vowel followml by ahort 

vowel whieli may occur; tlnw . repre.HeiiU the 
diphthong in rfiyVy or in hai/onet i 

Uuit in rr'ii/, reinniate, or 

inuw'urn; ^ that in P Hraw'rr or 

‘ A 

/fiiie'y ; ' that in 7 A’<*a h, ^ or 


/ ii'iddi* ; ^ that ill ^ Jew' ei or ^ Jtw'ijih, 

4' f 

Where a long Vfiwel or diphthong i» folIowiHl 
by an arcea/otf Hhort< vowel, a^^jiaraU* vowel 
aigiiN atv written, or the y m'lica ia ciuphiye<l. 
i\>m|ian» the following worda ; 


1 1 



ptwf, rr-idin't^ rt-Huphlr^ reinforced^ 


5 


u 

giadtK/iiMi/, 

>' I 


(• 

theatre^ 
1 ' ^ 


; milty, nfdfily; fman ; jndmK 
When two vowelw lavur in Hiicceawion, not 
thua ^ironded ftw, write the at*[iarat« vowel 
aigna ; thiia 

/I) t <r t 

X^», LonimM yfemiak, TmuaK, nwaif, detnt. 


Freqttexitly occurring begiimiiigi and termi* 
naiione of words are rwpreaontod in short- 


hand by stngle signs, in accordance with the 
following rules. 

Frafijcefi. The ayllable rmn~ or con- 
occurring at the l>eginniiig of a word is 
exprewted by a light dot written before the 
hrat consonant ; thus 

J 

commtf, communiYy. 


When the ayllable rw/-, rom-, ron-, or cum- 
comes Indween two consonants, either in the 
same or in a preceding w<»rd, it is indicated 
by writing the syllable or word that follows 
rviiER or r'LosR to the consonant or word 
that preceiles ; thus 


k ^ 

ffcogiiijif, decompose^ cof\fined, iTicumftetit. 


Inter-., intro-, or enter- is generally expressed 
by ni ; thus 

interf<W;, intrfvt;s*c/, enterprise. 

The prefix may be i<»iiuMl when this course 
d<K?s not oA'casioii ambiguity. 

Magna , magne-, or uutgni- is expressed by 
a disjoineil < — . ; thus 



magnau/»sdy, magiiefiVd, magni/y. 

Self- is represented by a disjoined circle s; 


wlf-d^/c «/*#*. 

in- Indore the cinUnl letU^rs T ty— 

7 , is expn^sseil by a small hook, wrritten 
in the same direction as the circle; thus 

1: ^ 

insptm/mn, insirumentt inscrihe^ 

U 

inherent^ inhiiman. 

Except in the word inhuman (which cannot 
lie mistaken for human) and its derivatives, 
the small Insik for in is never used in negative 
wortis, that is, in wonis where in* would mean 
mg. In all such cases in- must be written with 
the stri»ke as 

<\ '-A. 

hiagntafiie, inhospitable. 

Sulflxww- Tlie suffix -ing is expressed by 
the stroke w, snd -it^gs by ; thus 

/ocing, /ocings, crming, robbing. 

When the stroke U not convenient, -ing 
is ex]iivss(Hl by a light dot at the end of 
the word, and by a light dash ; thus 

^ ^ l>- i>-' 

bi*pingy plaiting, ploffinga, funung, titmiDgii, 
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The iiuffixeH -nlitij, -ilUy, arity, eU'., are 
expressed by disjoining the prectHliiig «tr<»ke ; 

thus ^ ^ 'X 

fornuiliiyt carmtUhfy geniality. 

The sign is oniployefl as a contraction fi>r 
-mrnt. when following ^ n, tus or a hiH»k, 
when it will join easily ; thus 

impriaonnirnf, comnit^nrenirnf. 

The cuffix or -mentally is expressed 

^ mnt ; thus 

iikrfr»mental or oi.dnniientality. 
Generally -ly is expressed by ; thus 
;x)orly. 

Where it is inconvenient to jt)in the ^ it 
may bo disjoined ; tluis 

Y friendly. 

The circle n is used to exfiress -self ami tho 
large circle to denote -s^'lre.n ; thus 
^ thj/self ; 
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it is soinetiines joined, as in 

»i»»^*lf, hImhvUy selves. 

To express -nhip ^ is used, lis in 
j^/cuvirdship. 

Roinetnnes the chameter may be joined ; 
tlms 

A disjoined is used to express -fulneas ; 

^^*'*** rentfulneM. 

A disjoined is umcmI for -UssneM ; thus 
( fudessness. 

Writing nnd Reading Practice. At 

this stage of his study, the student is advised 
to exercise his shorthand attainments by making 
use of suitable matter for wrriting and reading 
practice. He should obtain Pitman’s Short- 
hand Reading Lessons, No. 1” (price 6d.), 
which contains graduate reading orinted in 
shorthand characters ; he should aUo procure 
‘‘ Key to Pitman’s Shorthand Reading Lessons, 

No. 1 ” (price 2d.), which is in ordinary print. 
Taking the “ Key,” he should transiate the 
lot^hand words and sentences into shorthand, 
and afterwards revise and correct his work 
by the printed shorthand of the “ Reading 
He wrill also find it advantageous 
to uttlize the I.«amer’s and Corrfisponding Style 
tK^tons of the shorthand fiages given weekly in 
Jowrmd (price Id.) in the same way. 
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ThiB aira is alwaya read Jird^ bo that when 
a vowel precodoB w the stroke uiuat be 
written, and not the abbreviation, thus 


awuke^ waJce. 

Initial AW. At tlie iieginning of a word, 
the vowel aw may be joined to upward I, as 

wi/;/, alter ^ alteration ; 

and the logogram aw (all) may he j<>ined 
in cnmpimnd words banning with all- or al- ; 
thus 


;i. 


-1 


y 


Almiijhty^ already^ almoMf^ all-wim. 

Disyllabic Diphthongs. Tn addition to 
the HigriH already given for diph thongs, most 
of which are inonoMyllahic (or one sylhihlo), 
the following serieH of angular characters is 
employed for the rejiresmiUition of disyllabic 
ipht* 


(or two sylhihle) dijihthongs : 

L 

ah* I, r/i-i, 


1 J 

cc-t, aio-iy oh‘i, 00-1, 

sein^^^Xa ('1 (5^*' ^ "V 

ml-fa'uiy la'ii\fy h(nd>t'ity fluw'yy do'icy ttru'in. 

Those signs are written in the wutie places 
as the long vowels, and may bo used to express 
a long vowel f<»llowed by any umircented sh<»rt 
vowel which may occur; thus z-j represents the 
diphthong in ^ clvy'ry or in hai/oneti 

J\ that in reUil, re'instatey or 

mufif'um; that in draw'er or 


^flaw'y; that in ^^iSToa'h, YNoc%ot 
^ jeAvd or ^ Jew'ish, 

Where a long vowel or diphthong is followed 
by an accented short vowel, He}^)arate vowel 
signs are written, or the y series is employed. 
Com{>are the following words : , 

poety jyoHiCy re-eleeiy re-HigihlCy reinfotredy 

^ (L fj C ■ 

rt-hder ; ge^ihtjicaly theatrcy 

5 _ A V V 

theatrical ; reaUyy redlity ; /win ; piano. 

When two vowels occur in succession, not 
thus provided for, write the separate vowel 
signs ; thus 

^ A ^ ^ 

LeOy LouiMy Ohio^ Messiahy laaiahy rmfaly dewy. 

Frequently occurring beginnings and termi- 
nations of words are represented in short- 


hand by single signs, in accordance writb the 
following rules. 

PreDzea. The syllable com- or con- 
occurring at the beginning of a word is 
expressed by a light dot written before the 
first consonant ; thus 

.1 ^ 

commity community. 

When the syllable cog-y com-, con-, or cum- 
comes between two consonants, either in the 
same or in a preceding word, it is indicated 
by writing the syllable or word that follows 
iTNDER or CLOSE TO the consonant or word 

that precedes ; thus 

k ^ ^ 

recogniacy decovopoacy coDjinedy incumbent. 

Jnter-y intro- y or enter- is generally expressed 
by w nf ; thus 

interffWi*, intrcwpccf, enterprise. 

The prefix may be joined when this course 
does not occasion ambiguity. 

Magna-y magne-^ or magni- is expressed by 
a disjoined ^ ; thus 

X ^ 

magnanmiYi/, mngnetizedy magni/y. 

*SV//- is represented by a disjoined circle a; 
thus ojX 

Bolf-dc/(pncc. 

In- before the circled letters °\ ^ o-— 

/, is expressed by a small hook, written 
in the same direction as the circle ; thus , 

inapirationy inatrumenty in«cri6«, 
inherenty inhuman. 

Except in the word inhuman (which cannot 
be misbiken for ^ human) and its derivatives, 
the small hook for in is never used in negative 
words, that is, in words where in- would mean 
not. In all such cases tn- must be written with 
the stroke as 

hoapitable, inho8pitcd)le. 

SuIDzes. The sufiix -ing is expressed by 
the stroke w, and -inga by ; thus 

/(Being, /(Bcings, evening, robbing. 

When the stroke is not convenient, -ing 
is expressed by a light dot at the end of 
the word, and -inga by a light dash ; thus 

hojnag, plotimg, turning, tuminga. 
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The suffixes -alityj ‘arity^ etc., are 

expressed by disjoining the preceding stroke ; 

formnltiy, carnality ^ gmiality. 

The sign ^ is employed as a contraction for 
-ment, when following ^ n, tw, or a hook, 
w hen it will join easily ; thus 

imprisonment y com menceinent . 

The cuffix -menUtly or -menially is expressed 
by mni ; thus 

instrmnentnl or ms/ri/meiitality. 

Generally -ly is expressed by ; thus 
poorly. 

Where it is inconvenient to join the ^ it 
may bo disjoined ; tlius 

Y” friendly. 

The circle » is used to express -self and the 
large circle to denote -selves ; thus 

^ thyscM ; 
it is sometimes joined, as in 

mynelif himnnUy t/w’mselves. 

To express -ship _J is used, as in 
^ .sfetcordship. 

Sometimes tlie cliaracter may be joined ; 
thiis 

A disjoined Vo is used to express -fulmss ; 
restfulness. 

A disjoined is used for -lessness ; thus 
/aimlessness. 

Writing and Reading Practice, At 

this stage of his study, the student is advised 
to exercise his shorthand attainments by making 
use of suitable matter for writing and reading 
practice. He should obtain “Pitman’s Short- 
hand Reading Lessons, No. 1” (price 6d.), 
which contains graduated reading printed in 
shorthand cliaracters ; he should also procure 
“ Key to Pitman’s Shorthand Reading Lessons, 

No. 1 ” (price 2d.), which is in ordinary print. * 
Taking the “ Key,” he should translate the 
longhand words and sentences into shorthand, 
and afterwards revise and correct his work ® 
by the printed shorthand of the “ Reading 
Lessons.’ He will also find it advantageous 9 
to utilize the Learner’s and Corresponding Style 
mrtions of the shorthand pages given weekly in 10 
rUman's Journal (price Id.) in the same way. 

Continued 
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Group 10 

THE DYNAMO 

ELECTRICITY 

8 

Mechanical Generation of Currents. Field-magnets and Armatures. 

OotiUnttMl front 
pMceSOl 

Commutator and Brushes. Armature Windings. Excitation of Magnetism 


By ProfcMor SILVANUS P. THOMPSON 


Dynamo^lectric Machlnea. ThU name, 
familiarly shortened into Dynamo^ was originally j 
coined (Greek dynamic, power) to denote a \ 
machine in which dynamic energy (that is to say, 
mechanical energy such as that given by a steam- 
engine or a turbine) is em- 
ployed to products an electric ^ — 

current. In recent years the ^ f 

term has lieen used, in its f/sio ** 
general sense, to include all / 

machines the action of which f y 

is dep€mdent on the principle 
discovered by Faraday in 1831, iff 

as explained in the prt^coding ^ ^ 

article, |»age 949. That prin- 
ciple was tlie induction of 

elwtric cummts by the move- RULE of the 

ment of copfwr conductors 


machine itself. On the other hand, the 
tendency in England now is to coniine 
the term dynamo solely to machines 
which generate continuous currents, 
those which generate alternating currents 

\ being described as cremators, 

but to include those con- 
tinuous current generators of 
^ magnetism is in- 

H dependency excited as well 

w as those in which it is self- 

jl T excited. 

In most dynamos the copper 
conductors move, while the 
magnets are stationary ; in 
some the magnets revolve 
HAND while the copper conductors 

are stationary, but in the case 
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of continuous current generators this is rare. 
It is even possible to design dynamos in which 
lH)th parts revolve, but in opposite directions. 

Principle of Reversibility. One most 
important fact about the dynamo — and it 
is true of all its many forms — is its reversibility 
of function. When driven by mechanical power 
it generates electric currents, but when supplied 
with electric currents it generates mechanical 
power. "Ilie very same machine that will serve 
to convert mechanical energy into electrical 
energy, ns a generator, will also serve to convert 
electrical energy into mechanical energy as a 
motor. In fact, it possesses reversibility of 
function. This is indeed a most precious pro- 
p<*rty, and is made use of in the electrical trans- 
mission of power from place to place. 


near the pok» of magnets 
in such a way that the 
conductors cut through the 
invisible magnetic lines pro- 
ceeding from the magnet 
poles. Faraday himself 
called such machines magneto- 
electric, and this adjwtive 
is still retained to denote 
those machines having a 
permanent magnet of steel, 
though Faraday did not so 
restrict its meaning, but 
applied it to cases in which 
steel bars, lodestones, 
electromagnets, and even 
the earth itself, were used as 
magnets. In Germany it has 
been the fashion to narrow 
its use to the particular 
class of machines in which 
the magnetism is excited by 
the current generated in the 



FORMS or nSLD^MAONSTS 


1104 







VLIOmiOITV 


Right-hand Rule for Induction. The 

induction of an electromotive force in a moving 
wire, or conductor, tends to send a current 
along that wire in one direction or the 
other, and this direction can always be ascer- 
tained. In the movement gf tlio conductor 
laterally across the magnetic lines, 
we have three things mutually at 
right-angles to one another — the 
magnetic lines, the direction of the 
movement, and the direction of 
the electromotive force. Now 
imagine the forefinger, the middle 
finger, and the thumb of the right 
hnnd to be set to point in three 
directions mutually at right angles 
to one another, as in 48. Then, 
if the forefinger is set to point 

along the direction of the magnetic 62. six -pole field-magnet or 




field, and if the thumb is in the 
direction of the motion, the middle 
finger will indicate the sense of 
the induced electromotive force. 

This is true for all moving 
conductors in magnetic 
fields, whether in dynamos 
or motors. 

Field-magnets 
and Armatures. 

Every djnamo con- 
nists of two principal 
parts, one of which 
stands still, while the 
oth(T is made to revolve. Tlio 
stationary part is called the 
field -magnet. It consists of one 
or more magnc*ts. usually electro- 
magnets (page 502) firmly fixed in 
an iron frame the object of these 
magnets being to create 
a ‘magnetic fiux, or, in 
other words, to create 
a large number of mag- 
netic lines which pro- 
ceed from its poles. 

The revolving part is 
called the armature, and 
it consists essentially of 
a number of copper 
wires, or copper con- 
ductors, joined up 
together and 
grouped in a — 
particular way 
for the circula- 
tion of the cur- 
rents ; these 
w ires, or conduc- 

t^)r8 being w ound sr 

upon a core built cc 

urof laminated an abmatobk cori, 

irom In modern machines the cores are 
maoe with proj cting teeth, and the copper 
conductors are sink in slots between the teeth, 
and held in tightly by binding wires or by 
wedges. The core is keyed firmly upon the 
revolving shaft. So, when the armature is set 
revolving, the copper conduct :vs are whirled 


roimd at a high speed. The revolving armature 
occupies a central position; and is surrounded by 
the poles of the field-magnet, which send their 
magnetic lines into the iron core across the inter- 
vening gap or clearance. The revolving copper 
conductors as they fly round out these invisible 
mametio lines, and so, according 
to Faraday’s principle, create or 
induce electromotive forces. These 
electromotive forces tend to drive 
currents along the copper con- 
ductors, and so, if fhe revolving 
conductors are connected to a 
circuit, currents will be generated. 

Commutator and Brushes. 
There arises, then, the problem how 
to connect the conductors of the 
revolvii^ armature to the wires, 
mains, of a circuit. It is 


evident that this entails a sliding 
contact, and the current must 
collected from the revolving 
structure by means of contact- 
pieces, technically called the 
brushes, which are con- 
nected to the mains, and 
which press against the 
revolving structure. 

The commutator, 
however, performs a 
function much more 
important than act- 
ing merely as a 
gliding contact, for, 
aid, the current 
not be a con 
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PORTION OF A 24-POLF FIELD -MAGNET 


means of 
without its 
collected would 
tinuous flow like the current from 
a battery. The reason for this 
is as follows. The poles of the 
field-magnet are of two 
sorts, north poles and 
south poles, arranged 
alternately. Since the 
revolving conductors 
on the armature are 
moved first past a 
north pole, then past 
a south pole, then past 
mother north pole, 
and so on in con- 
tinual succession, it 


/ 




56. 


A COMMUTATOR 
SEGMENT 


T- flows that the induction of voltage in the con- 
ductors vill continually reverse, and reverse 
back. For we may regard 
each north pole as sendii^ 
out a flux of magnetic 
lines across the air gap 
into the body of the arma- 
ture, from which these 
lines emerge to return into 
the south poles. Hence, if we apply the right-hand 
^^le to the various cases, we shall see that the 
Induction taking place in the oonduetprs will 
alternate in its direction along the wire. This 
process, therefore, sets up alternating currents in 
the armature wires ; and, unless these currents 
were commuted, they would be in a perpetual 
alternation in the mains of the circuit. 
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It is the function of the commutator to 
commute, or change, these alternating currents 
that exist in Uie armature, and 
deliver them to the external cir> ^\ll] 

cuit as a continuous*’ current. 

By cofUintuMs is meant flowing ^ 
steadily in one direction^ like the ^ ^ 

current from a battery. Some ^ 

engineers call such a current a T 
direct current, though its process _ AV 

of generation is thus indirect. ^ 

The term “ continuous ” is more ^ ^ 

correct. How the commutator 
performs its work we shall see 
presently. 

A Modern Dynemo. All * 

essential features of a modern 67. armatt 
dynamo can be observed in the (Sankey 

machine depicted in 44 . On the left is a pulley 
by which it can be driven by a belt from a steam- 
engine. The shaft is supported by bearings 
standing upon pedestals 
which rise from a strong •tllllllll 

cast-iron bed-plate. Between 
the pedestals stands bolted 
to tne l)ed -plate the field- 
magnet system, consisting of 
a circular frame, or yoke, oi 
cast steel, from which there ^ 

project inwardly four mas- 
sive magnet-poles, each m segment oi 

surrounded by its magne- ~ 

tising coil. Between these four poles the 

armature revolves —a substantial barrel-like, or 
cylindrical, structure. At the right-hand end 
of the armature 
is the oommutalor — 
easily identified b^ 

noticing that it is ; * , 

a smaller cylinder . 

|built up of a num- 

ber of parallel bars, 

or segments, of 

copper. Upon the 

commutator press 

the brushes. Of 

these there are two 59, complete arm 

sets, of tliree brushes 

per set. The set of three in front can be seen 
clamped upon a short, horixontal rod, which 
projects to the left from the curved arm of the 
rocker, or frame, which carries the • 
brush sets. The other brush set is 
behind the upper part of the com- 
mutator. 

This particular machine is designed 
to run at 640 revolutions per minute, . 
and to give out a current of 80 
amperes at 250 volts. It will, there- 
fore, at full load give an output of 
250 X 80 watts — that is, ^,000 
watts, or 20 kilowatts. And that 
it may do this one must put into it 
mechanically at least 20 kilowatts 
of mechanical power. Now (p. 290), $0. cx>i 

1 kilowatt — r34-bor8e power; 
therefore this machine will require 20 x 1 *34 =26*8 
horse power at least. But in all machines there 
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67 . armature core-disc 
(Sankey and 8ona) 


are certain losses due to friction, resistance, etc. 
Tf this machine has an efficiency of 94 per cent., 
then to get the 20 kilowatts 
(which are the equivalent of 26 8 
horse power) out of it, we must 
put into it 26*80 x 100 -s- 94 
^ = 28'5-hor8e power. 

^ Forma of Field-Magneta. 

m ^ Almost all modem dynamos have 

W U . four or more poles, but many 

^ old generators and many small 
^ motors of recent date have but 
two poles. Fig. 46 illustrates a 
^1^ bipolar form, suitable for small, 

enclosed motors, having the pole- 
* cores projecting inwardly from 

e core-disc the surrounding yoke. Figs. 46 




6^ SEGMENT OF LARGE COBB-DISC 

four poles the two of the poles 
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60 . COMMUTATOR 


5 CORE-DISC the surrounding yoke. Figs. 46 
d 8onf) ami 47 illustrate other bipolar 

forms, the held-magnet being here a species of 
horseshoe, with its poles upward or downward. 
This form is still met with in open motors. Fig. 

48 is a further development, 
I III Hill ^ in which the whole of the 

exciting coil is wound upon 
* a single core. Multipolar 
forms are preferred for all 
large machines, and are 

illustrated in 46 to 54 . 
Fig. 46 is a four-pole form, 
practically identical with the 
,AKOK CORB-DISC magnets of 44 . Fig. 50 is a 
more special form, in which 
tw'o of the poles only are wound with exciting 
coils, the other two being left unw’ound. Fig. 
62 is a six-pole form, often used for machines of 
100 to 300 kilo- 

watts. Fig. 58 is 
an eight- pole tram- 
f /' way generator ; it 

.*.» ^ / •. * shows how the cast 

• ' •/, ing is divided into 

■ V an upper and a 

«. ^ lower half, and 

bow the whole 
frame is supported. 
Fig. 54 gives a 
URB or A DYNAMO view of three 

poles of a large 
24-polo generator of 2,000 kilowatts (2,680-hor8e 
power). In these large sizes the frame is 

stifened by two projecting ribs that run 

round it. In many cases the ends 
of the poles next the armature are 
enlarged by the addition of pole- 
shoes. Fig. 61 is a four-pole form, 
made very compact, of the pattern 
much used for tramway motors. 

Armature Cores. The core- 
body which receives the copper 
winding is nowadays always built 
up of thin core-discs, or stampings 
of very soft sheet steel, about ^ in. 
thick. In small machines these 
core-discs are stamped out in one 
[UTATOR piece, like 67, which has a central 
hole to admit the shaft, and venti- 
lation holes. It is toothed at the periphery in 
order that when these discs, to the number of 
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some hundreds, have been assembled on 
the shaft, the core body shall be furnished at 
its outer part with a series of longitudinal 
grooves, or siote, in which the copper windings 
can be placed. For armatures that are over 
3 ft. in diameter the cores are built up of 
segments of thin steel, like 66, attached by bolts 
ur dovetail clampinjro to a central hub. The 
object of thus building the core 
bo^es of assembled laminations is 
to prevent the waste of energy and 
consequent heating, which would 
occur by reason of parasitic currents 
induced in the mass if it were of 
solid iron. The thin sheets must 
be lightly insulated from one 
another by paper or lacquer. 

Armature Windings. The 
conductors that are to be coiled on the core 
consist, in small dynamos, of copper wire, cotton- 
covered, and well lacquered. In very large 
machines they consist of drawn copper strip 
insulated by a covering of tape and lacquer. 
The proper number and arrangement of these 
conductors will presently be considered. In 
modern standard machines the coils of the 
armature are shaped upon wooden 
moulds, or formers, prior to being 
put into their places in the slots. 

Fig. 66 shows such a coil, con- 
sisting, in fact, of three separate 
coils taped up together for con- 
venience in handling. They are 
curiously kinked, or twisted at the 
end-bends to permit of their being 
assembled in the slots, overlapping one another, 
each slot receiving two “sides” of coils, lying 
one above the other in the slot. 

Re-entrant Windings. The coils, after 
being put in place, are joined up together in a 
p&rticulai ordei, the end of one being joined 
to the beginning of the next, so that they 
form a continuous series, the end of the 
last one being finally united 
to the beginning of the 
first, and the whole series 
becoming, therefore, one .re- 
entrant circuit. If a current 
be brought to any point of a 
re-entrant circuit, and leave 
that circuit at any other 
point, it will obviously have 
two possible paths of flow 
from the one point to the 
other. In every armature 
there are, therefore, at least 
two 'paths through the wind- 
ings ; and, as we shall see, 
there are often more than two 
paths. 

Winding Pitch. Consider any loop of the 
winding, such as the loop shown in 66. If a 
current is flowing around such a loop, it obviously 
will flow up one side and down the other. To 
drive the current around the loop by its own 
inductive action, as it whirls past the poles, it 
ought clearly to be of such a breadth from side 
to side that, while one side is passing under a 


north pole, the other side ought to be passing 
under a south pole, and then the two electro- 
motive forces induced will help one another to 
drive the current around that loop [68]. 

Commutator Construction. The com- 
mutator consists of a number of bars, or 
strips, of copper, of a slightly tapering section 
assembled together to form a cylindrical 
structure, as depicted in 60. The 
separate bars are insulated from 
one another with slips of mica, 
about 0030 in. thick, interposed 
between them. The bars are Bhaj)ed 
like 66, with dovetail comers on 
their under side, so that they can 
be securely clamped between end- 
cheeks, and mounted on a shell, or 
hub, that is secured on the 
armature shaft. Insulating collars of built-up 
mica are interposed between the bars and the 
clamping cheeks of the shell, so that t^ch indi- 
vidual bar is electrically isolated from contact 
with the neighbouring metallic parts. At the 
end of each bar of the commutator is attached 
a metallic strip, called a riser, by moans of which 
the bar is connected to the armature windings. 

Thus, if the commutator has, say, 
111 bars, there will be 111 risers 
connected to the winding, at 111 
equidistant points. 

Fig. 69 shows an armature 
complete, with the commutator. 
The dark markings show ventila- 
ting ducts between the windings. 
The end- bends, as well as the wires 
in the slots, are held down firmly by numerous 
bands of steel binding wires. 

Brushes and Brush Gear. The name 
brushes was given to the stationary contact- 
pieces which collect the current from the 
commutator, because in the early machines they 
were literally made of bundles of springy brass 
wire. Nowadays, they are either made of 
bunales of copper gauze or 
copper strips, clamped in 
suitable brush-holders [61], or 
more often of blocks of fine 
carbon [62], held in holders, 
which press with a springy 
pressure upon the surface of 
the revolving commutator. 
In order to adjust the 
brushes to the proper 
position to collect the 
current without sparking, 
they are fixed to an adjust- 
able frame called the rocker, 
which is itself borne upon 
the bearing, or else bracketed 
out from the magnet frame. 
Fig. 63 depicts a brush rocker, showing four sets 
of carbon brushes together with the pieces of 
flexible cable to connect them together, two 
and two, and to carry off the current to the 
circuit. There are two carbon brushes in each 
set. Fig. 64 depicts the brush gear of a much 
larger machine, having no fewer than 126 carbon 
brushes, arranged in 14 “ sets ” of 9 brushes 

1107 



COPPER BRUSH 



62. A CARBON BRUSH 
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l)er 8Pt. Carbon brushes will collect from 30 
to 40 amperes for each squ ire inch of contact 
surface. (>>pf>er brushes need only about one- 
third 08 mueh contact surface as carbon 
brushes. 

Calculation of Magnet Windinca. To 

excite tlie magnetism in the dynamo, coils 
must be wound upon the pole -cores of the field- 
magnet ; or, rather, coils must be prepared with 
the proper number of windings of wire of the 
right thickness and wnth the right number of 
turns, being wound up on a lathe, and afterwards 
slipped into their places on the pole-cores. It 
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is evident, therefore, that some previous cal- 
culation is necessary to enable the engineer to 
ascertain what windings will be right for any 
particular machine. Such calculations are made 
in two stages ; first, to find the total amount 
of excitation, in ampere-turns [see page 563], 
that wull be needed ; after that, to ascertain 
the particular size of wire and number of coils 
that will answ^er this need. 

Conception of Magnet Circuit. It 
was pointed out on page 565 that, if in any 
magnetic circuit there are gaps — that is, if the 
magnetic lines have to emerge from the iron 
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core into the air to cross the air-gap and then the gap multiplied by the gap coefficient 0’3133. 

re-enter the iron — it will be necessary to provide In any iron part we have to calculate by 

a much greater circulation of current than reference to curves of statistics of the mag- 

would suffice to magnetise to the same netism of iron of similar quality, and find 

degree if there were no gaps. The reason from such curves how many ampere-turns per 

of this is that iron is much more permeable inch length of |mth are needed to jiroduce 

to magnetism than air ‘is. Now, whenever in that kind of iron the required flux-density, 

the question arises how many ampere-turns and then multiply up the hguro so found by 

of excitation are necessary, one must the number of inches^ length of that part, 

examine two preliminary conditions — namely. For example, if wo had the four-pole djrnamo 

what is the nature of the magnetic [ 44 ] ready built, but still requiring its winding, 

circuit, and how great a flux is to be we should know that the flux from the pole was 

produced therein. In a simple hoisrshoe to be 2,700,000 lines net, or (allowing 20 per 

electromagnet, such as 23 [page 561], the cent, for dispersion) 3,240,000 lines in the pole- 

magnetic circuit, or path, consists partly of iron, core. Further, if the area of polo surface is 

partly of air. The magnetic flux which emerges ,56 sq. in., the flux -density in the air-gap will 

from the north-pole surface crosses a gap into be 48,(KK) lines per squart^ inch. Also, if the 

the iron keeper, traverses the keeper, emerges pole-core section is ,50 sq. in., the density in the 

again into the air opposite the south pole. iron will be 65,000 lines per sq. in. Moreover, 

crosses the gap again, and re-enters the iron core if the teeth are so narrow that the effective 

at the south pole, and follows the iron arch section of those under one pole is only 20 sq. in., 

round to the north pole again. In a bipolar the density in them will be 135.000. Now, 

dynamo, such as 46 or 47 , the magnetic circuit suppose tne air-gap to bo J in. wide, the 

is much like that of the horseshoe electro- teeth 1 in. long, the pole-core 8 in. long. Also 

magnet, except that the gaps are very narrow. supjiose the curves of statistics to show that 

In a multipolar dynamo, such as 44 , 53, or 64 , to produce a flux-density of 65,000 in the mild 

there are a number of independent magnetic steel of tht^ pole-cores required 14 ampt^re- 

circuits. For instance, in 64 , if the middle pole turns per inch, and to produce a density of 

is the north pole, the magnetic flux that comes 135,(X)0 in the annature stampings required 

down the middle pole-core and crosses the gap 1,200 ampere-turns per inch, we then have 

into the armature core will divide, half the lines the following calculation for a magnetic 

going to the right and*recro8sing the gap to go circuit. 

up the right-hand south- a. -T needed for 2 air-gaps = 2 x 48,(K)0 x 0*3133 x 0'5 - 15,0,38 

pole core he other half ^ l,2tH) x 1 2.4(J() 

/iw. ” 2 pole -cores - 2 x 14 x 8 - 224 

^ piece of core-body and one picL c of yoke, say, 800 

core. In all such cases Total ampere-turns needed per pair of poles 18,462 

we have to calculati* 

separately the excitation needed to send the flux Hence, each pole must carry wire enough to 
through the different parts, and we must then provide 9,2.31 ampere-turns, 

total up the result for a w^hole magnetic circuit. To find the right size of wire we have the rule 
The calculation is complicated by the cir- that it must be such that its resistance ptT inch 

cumstance that there is always a little length will be equal to the voltage divided by the 

magnetic dispersion — i.e., some of the flux required number of ampere-tums and by the 

which emerges from the pole docs not cross mean length per turn of the coil. Now, this 

the gap and enU*r the armature, but leaks by dynamo is for 2.50 volts, so that tlu^re will bo 

some lateral path to the neighbouring south available (allowing .30 volts for regulating 

poles. By experience we can ascertain how rheostat) 220 volts — i.c., .55 volts for eat h of the 

much to "allows as a leakage coefficient. In four coils. The mean length of one turn will b<; 

ordinary multipolar dynamos 20 per cent, is about 35 in. Hence the wire must have a 

an ample allowance. resistance of 55 — (9,231 x 35) 0*(K>017 ohms 

Rules to Calculate the Excitation. per inch length. Heference to wire-gauge 

For air-gaps, the rule is that the necessary tables shows that this will Iks a No. 15 S.W.G. 

am{K?re-tum8 are equal to the flux-density in ware, the diameter of which is 0 072 in. 

Continued 
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By Mrs. W. H. SMITH and AZELINE LEWIS 


PRESSING TOOLS 

The Iron (called by tailors “Goose”) is 
the first thing required, and should be at least 
10 to 15 lb. in weight. 

The Sleeve-board can be made at home. 
A piece of wood, well seasoned and free from 
knots, ash or beech, H in. thick and 23 in. long, 
5 in. wide at one ena, and from to 3 in. at 
the other, will be largo enough for boys’ and 
laduMi’ tailoring 1 1]. 

There is also the duplex sleeve-board, which is 
far more useful but a little more difficult to 
make. This is used for pressing seams, the 
bottoms of sleeves, trousers, etc. [2]. 

The Sleeve Headboard is, as its name 
implies, for pressing the top of sleeves. It is 
useful for pressing such parts as the darts, and 
any part where the figure is round ; also for 
the bottom of boys’ knickers 
when they are gathered into 
a band [8]. 

Damping-cloth, This 
should consist of j yd. of thin 
silesia (fijd. a yard), well 
washed to get every particle 
of dress out before use. It 
must be kept perfectly clean ; 
the water and the vessel for 
it being absolutely clean and 
frw from greases The cloth 
must not be very thick or it 
will retain too much moisture ; 
and as its object is to supply 
only sufficient dampness to 
raise steam, it should be wrung 
as dry as possible before using. 

Brown paper, tailor’s crayon, 
a square, pencil, bodkin, 
tracing-wheel, and wax, are 
also required for drafting, 
cutting-out, and making. 

STITCHES USED IN TAILORING 

Thread Marking, This stitch must be 
put into all inla3rs and intums— ».€., nock and 
arm-hole curves, shoulders, pockets, revers, 
fronts, bottom, sleeve, cuff, etc., to ensure that 
both sides of the garment are made up exactly 
alike [4j. 

Place together the two corresponding portions, 
and with a double thread work small running ” 
stitches through both, on the line to be mark^, 
leaving a small loop to each stitch. Cut the 
loops, draw the two pieces of material slightly 
apart, and cut the threads between them ; a mows 
the first process, b the second, c the result when 
the stitches are cut between the cloth. 

Serging. This is a very useful stitch for 
several purposes, such as joining together two 
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pieces of material that are likely to fray, also 
the pleats of Norfolk jackets and the turnings 
of bottoms of skirts and sleeves to canvas ; 
in fact, in tailoring, serging is indispensable. 

The stitch is formed by passing the needle 
from back to front of the cloth. It must not 
go too deep nor be pulled too tightly. This 
form of stitch should, moreover, neither lie too 
closely together nor should the stitches overlap 
each other, as a rough, hard ridge would result, 
and the object is that the two pieces serged 
together should lie perfectly flat when pressed [6]. 

Tnilora* Felling. This is an important 
stitch, as no tailor-made garment can com- 
pleted without it ; it is used for holding in well- 
basted linings of every description. 

Place the needle in the lining quite close to the 
edge of the material it is to be felled to, in a 
slanting direction towards the 
worker, taking as small a 
stitch as possible in the 
material, so that when pulled 
out it will take hold of the 
lining. Next insert the needle 
in the cloth oi>posite to where 
it came out of the lining, 
pull out, and again catch the 
lining, repeating this till the 
work is finished. The space 
between each stitch should 
be, for fine work, v'g in. apart, 
for medium J to J in. 

The sewing should not be 
visible on the upper edge of 
cloth or material to which the 
lining is felled. 

Top Felling, This is 
done by putting the needle 
first through the top instead 
of the under side ; it will keep 
thick fabrics in place better 
than ordinary felling stitch, and will hold the 
cloth doiii^ii much better. By placing the needle 
in a slanting position the top side can be put on 
tight or full, as required, according to the slope 
of the needle, with a proper hold of the cloth [6]. 

BacK-atitching. This is used to sew up 
seams, linings, pockets, etc. Place the needle 
as upright in the hand as it can be conveniently 
held, then push it through the cloth, straight 
down and straight up. The next stitch must 
be put in the heue the needle has just left ; pull 
the thread up as lightly as the fabric requires. 
Thick cloth must be pulled up firmly ; thin 
cloth gently, and so on. 

Side-atitching. This is used on the edge 
of coats, vests, jackets, etc. It is made by 
placing the needle on one side of the stitch — 
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First sew the 
seam with back 
stitches about 
i in. apart, tak- 
ing the needle 
ba^k half way 
into the pre- 
vious stitch all 
through. To pro- 
duce thin results 
the work must 
be done with 
fine needle and 
silk [IOj]. 

After sewing 
the seam, 
double the edges 
back on the 
right side, work- 
ing them as 
close to the 
edges as pos* 
Bible with the 
finger and 
thumb. Take a 
fine needle and 
silk, pass it 
in a perfectly 
straight line 
(from and to 
wards the 
worker) through 


that nearest the edge is best — and should be 
as small as it is possible to make it. Pull the 
nei^dle up rather firmly, so os to sink the stitch 
into the cloth ; a little dot made by the stitch 
is all that should be seen [7]. 

This is the neatest stitch for the outside 


the extreme top of the edges, between every 
thread of the material ; this is important, 
as the seam must lie perfectly fiat [10&]. When 
finished, scratch the edge of the material lightly 
to raise the nap ; then, also very lightly, press 
the wrong side on a bare board. On no account 


work of garments, and, if well done, keeps the 
od^s from rolling. 

Padding. This stitch is used to force 


draw the iron along. 

Stoating. First place the edge of Oie 
material together, wrong side up, and mark^’at 


canvas on to the turns or revers of coats and regular intervals of at least 1 in. with a tailor’s 


collars of all kinds of garments that require crayon. The edges are then held together by the 
canvas to hold them in place. left forefinger and thumb, and the needle is 

The cloth must be held in a rolled manner passed in a perfectly straight position from the 


over the fingers, and the stitch taken as lightly 
as possible on the cloth, only showing a small 
dot on the under side. It is worked up from 
right to loft, and down from left to right, about 
I in. apart, forcing the canvas on a Tittle each 
time a stitch is t^en — t.e., working the cloth 
from underneath with the forefinger, and pushing 
the canvas very slightly with the thumb, to 
make the work form a roll [8]. £^h row must 

be the same distance apart, and each stitch 
midway between those on previous row'. To 
|)roduoe good results Raven silk should be used ; 
it is to bought in skeins, and can be had at 
any tailors' trimming w'arehouse. 

oack and Fore Stitch. This is useful 
vdiere strength is not required. Make two 
back stitches and one forward, then one back 
and one forward all through. This is useful for 
sleeve lining and other light work, such as 
linings of skirts and jackets [9]. 

Rantering. This is used to close up a 
seam that looks unsightly, the object being to 
make it invisible. 


top through half the thickness of the material — 
i.e., splitting the cloth. The stitches must on no 
account show on the right side. It should also 
bo remembered that in drawing it up, the stitch 
should lie pulled rather tightly. Stoating is best 
applied on stout, firm cloth, the edges of which 
will admit of splitting, such as Meltons, beavers, 
boxcloth, etc. Fig. 11a will give some idea of 
the way this form of stitch is applied. 

The chalk marks must be kept opposite • each 
other all through. When the seam is finished it 
should be rubb^ with w'armed w'ax, placed on a 
bare board, wrong side up, slightly damped, and 
pressed with a rather hot iron, which must be 
lifted up, not moved along. Fig. 116 showa the 
process completed and I'ight side of cloth. 

Drawlng*«titch. This is applied on the 
right side of material without any seams being 
ti^en. It is employed for joining the ends of 
collars to revers, etc. Use a very fine needle 
and silk. After securing the first stitch [12], 
place the needle in the top of rever, bring it 
round, taking the smallest possible bold of the 
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collar ; bring tb^ needle Up iigbtly, insert it again 
directly opposite where the last stitch came out, 
and proceed as before, Mark the edges as in stoat- 
ing to keep them even, and press when finished. 

Buttonholes. First mark the position of 
the holes at equal distances apart. The eye 
of the hole should be jj in. from the edge of the 
garment and J in. longer than the diameter of 
button. No matter what the material may be, 
it is advisable to stitch round the mark before 
cutting, to prevent the top and under edges 
from slipping ; this enables one to work the hole 
with more ease [13]. 

Holes are usually barred with double twist, 
thread, or gimp. Twist is preferable, as it wears 
so much better, and should always be used in 
the best work ; the two latter methods cut the 
twist, and give to the holes a stiff appearance 
which they should not have. 

To “ bar ” the hole, a No. 5 needle and No. 10 
twist will be required. Take a length of twist 
from J to 1 yd’., according to size of buttonhole, 
and make as small a knot as possible. Insert 
the needle between the cloth and facing to hide 
the knot, bringing it up as near the edge as 
possible [14] ; send it down at 2, up again at 2, 
down at 3, up again at 3, and down at 4. The 
twist should be drawn rather tightly, and lie 
along the hole at an equal distance from 

the edge. Repeat the operation, which will 

produce a double twist bar. Fig. ISn show's the 
hole cut and barred, and the needle placed 
in position, iK-fore making the first stitch. 
Bring the needle up at 1, about in. from 

the edge, cast the two threads which hang 

from the eye of the needle round the point, from 
right to left [a], draw* the needle out in an upward 
and forward direction, taking care to have the 
loop, or purl, exactly on the edge of hole, and 
continue the stitch to 2 (2 and 3 represent the 
eje of the hole). The stitches should now be 
closer together, the purl pulled well up at this 
point, and the eye kept as round as possible ; 
complete the hole in the same way as from 1 to 2. 

Now bar the end. To do this, hold the gar- 
ment with the eye of the hole towards you, 
make 3 or 4 bars from 4 to 1, bring the needle 
up at 4 and make 3 or 4 loop stitches, put the 
needle down at 1, fasten off neath and securely. 

Th(‘ holes are now' ready for the finishing 
process. Press the two edges together with the 
thumb and finger, oversew lightly with two or 
three stitches near the eye, place a cloth ovct 
the hole and press, insert a bodkin or stiletto in 
the eye, and give two or three sharp turns. The 
buttonhole is now completed [186]. 

DRAFTING BOYS’ SUITS 

In drafting and making boys’ garments— that 
is, little bo 3'8 from about 0 to 8 years old — it is 
of the greatest importance that they should be 
easy in fit, yet not so big as to be unsightly. 
Extremes in either case must, of course, be 
avoided ; a tight fit for boys is certainly a 
mistake, and is not conducive to health. In 
the case of tall, thin boys, it exaggerates the 
slimness, and for those of opposite budd. it 
accentuates the stoutness ; in neither case does 
it add to the beauty of proportion. Coats for 


slim boys should hang as straight as possible 
from the back of arm to bottom of coat, to 
broaden the figure. 

Having thus dealt with the necessary pre- 
liminaries, w'e can proceed with the drafting of 
a boy's suit for the following moasuros — viz,, 
26 in. breast. 26 in. w'aist, 12 in. neck. 121 in. 
back, 19 in. full length, sleeve from centre-back 
to wrist 22J in. 

Measurements. Round the low'er part of 
neck, 12 in. 

Back. Place the end of inch tape on the nape 
of nock (to do this correctly, you must feel for 
the small round bone that connects the vertehrn’i 
or backbone, with the bones of the neck), 
measure to hollow' of w’aist, 12J in., on to full 
length, 19 in. 

Round the chest — not tightly — 26 in. 

Sleeve, from centre-back, on to wrist, 22J in. 
Working scale : half breast, 13 in. ; } in. turnings 
are allowed on all seams. 

The Drafting. A piece of papt^r 20 in. 
long and 18 in. wide is required. Square lines 
li in. dow'n from the top and 1 in. in from edge. 
LetUT the left-hand corner A. 

Back Drafting. A to B, one-sixth of 
back length (2] in.), A to I), length of back 
(12i in.) ; B to one-third (4^ in.) ; A to E, 
full length (19 in.) ; E to E", J in. Draw' line 
from E* to A ; s(juare lines at right angle's from 
B, C, 1), and E. A to A“, one-sixth of neck ; A ' 
to A’’, J in. ; from back line to f>, one-third 
of breast, plus li in. (5^ in.) ; to F, two-thirds ; 
to G, half brea.st ; to H, 2.J in. more than the 
measure. 

Square line from to B line ; 0" to 1, one- 
twelfth ; I to I\ } in Make J top of line on 
line B ; baek lin:‘ to J% half the distance from 
A to C (see broken line). Draw' line from J 
through C* to bottom of coat and make K. 
K to 1, one-twelfth (about 1 in.) ; 2 and 3 are 
\ in. to rig))t and left of K line. Draw lin(*s 
from K through 2 to 

Curve from I to J ; slightly (!urve back- 
shoulder line from J to A*’ ; and neck from A’’ 
to A (16]. 

Front Drafting. F to F', one-sixth, 
plus J in. ; F*’ is midway between. F‘’ to X, 
h in. S(junre lin(* u[; from (J to neek lines 
make L, ce>ntinuc line G to bottom of coat. 
L to M, one-sixth of neck ; M to M^ J in. ; M* 
to N, one-sixth of nce’k. 

Square line from and N to 1| in. out 
from G line ; make H\ N to N“, lialf the 
distance from M* to N ; O bne to P, J in. 
more than G to H. Draw line from H through 
P, to bottom of cemt ; mark off the comer 1 ^ in. 
(or more if desired). 

Curve from (t line through this point to \ in. 
out from P, on to H ; slightly curve from H U) 

Neck Line. (’urve from H* through 
N* to M*" ; draw front shoulder from M** to J. 
Make O same length as back shoulder ; drop 
O I in. before curving, tO take off the sharp 
angle at that point. Curve from O, through 
F*, X, and F to P and from E through 3 to I 
for side of front f 16]. 

Continued 
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slippe^ or sticky surfaces, or obstructions 
of bristles or sharp hairs. In certain teasles 
(Dipsacua) [1*^, for instance, the foliage-leaves 
are in opposite pairs, and their bases unite 
together to form a cup in which water accumu- 
lates. Some of the 
catch-flies (Silene) and 
campions (Lychnis) have 
sticky stems, which not 
only prevent the visits 
of undesirable forms, 
but entangle and hold 
them so firmly that they 
perish miserably, and in 
gooseberry (Ribes gros- 
sularia) fl78] there are 
viscid hairs on the calyx 
which answer the same 
purpose. In certain 
willows (Salix) approach 
to the flowers is pre- 
vented by wax -covered 
slopes as slippery as 
glass, which give no 
foothold, while 
a curved flower- 
stalk, such as 
that of snow- 
drop (OalarUhus 
nimlis) [174] 
may debar 
entry. Ob- 
structions are 
well seen in the 
prickly bracts 
which closely 
invest the 
flower-heads of 
thistles. 

There are 
sbme plants, 
such as certain 
balsams (/w- 
patiens) which 
secrete nectar 
at the bases of 
foliage -leaves to attract 
unbidden guests which 
are climbing up to the 
flowers. Ants, in par- 
ticular, are very fond 
of sweet substances, and 
commonly content them- 
selves with this lure, 
which saves them the 
trouble of going further. 

Snails and slugs are 
effectually kept away 
by spines, thoms, and 
prickles, as in gorse 
(Ulex EuropcBus), sea- 
holly (Eryngium mart’ 
timum), and many 
others. These unbidden 
guests do not seek pollen or nectar, but devour 
the flowers bodily 

Many of the more specialised flowers can only 
be usefully served by a limited circle of visitors. 


and others have to be excluded. Tangles of 
hairs or gratings of bristles are often found 
within the flower itself, and effectually protect 
the nectar against smaller and weaker insects. 
Such may be found in the buckbean (Menyan- 
thes)y some honeysuckles 
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{Loniccra)y ani some 
8j>etHlwells (VciontVa), 
while in many instances 
the mechanism of the 
flow’er may be eompar(‘d 
to a lock of w'hieh only 
the legitimate visitors 
possess the key. This 
is well exemplified by 
most members of the 
pea and dead - nettle 
orders (Leguminosir and 
Labiata). 

There are several 
thieving bees with 
tongues too short to 
reach the neetar-stores 
of certain flowers, and 
these intelligent 
ereatures have 
found it possible 
to hit(' through 
the outer invest- 
ments and steal 
the desired 
treasure without 
earning it [176]. 
One devieo for 
preventing this 
is found in the 
bladder campion 
(Silene inflata)^ 
wh(5re the large 
inflated calyx 
stands at some 
distance from 
the treasure- 
house [179]. 
Should a nectar - 
thief gnaw a hole through 
this it is no kit ter off 
than btdore, for its 
tongue is too short to 
stretch througli to the 
nectar. 

Many flowers of pale 
hue which court the 
atUmtions of moths only 
exhale a fragrant odour 
in the evening, when 
their guests an; on the 
wing, and may even 
remain closed during the 
day. In this way they to 
some extent escape the 
notice of imdesirables. 
Honeysuckle (Lonicera) 
may serve as an example. 
There are also some plants which maintain 
a body-guard of ants to repel the attacks of 
voracious t>eetle8, but do no harm to the flowers. 
These plants belong to the dandelion order 
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(Composite), and they reward the aerviceu of 
their retainer» by nectar, which is secreted by 
the scales surrounding the heads of flowers. 

We have seen that many fruits are destined 
to be eaten by birds or other animals, the 
strongly coated stn^ds escaping digestion. But 
it is necessary that such fruits should be pro- 
tected while they are ripening. For this pur- 
pose many of them are enclosed in prickly 
nusks, as RW(M3t chestnut (Castanea) and beecn 
(Farpis) [180]. Still more commonly the unripe 
fruit is acid, bitter, or even poisonous, and is thus 
effectually shielded from most attacks. Seeds, 
when mature, are frequently so flavoured that 
they do not commtmd themselves as an article 
of diet. 

C'Crtain other methods by which fruits and 
seeds are proU^cted have been already spoken 
of in the si^ction on “ Dispersal ” (page 909). 

The highest group {Pteridophytes) of the seed- 
less plants contains man}^ familiar forms, among 
which ferns and their allies (Filicinop) take a 
leading })laee. It also includes horsetails 
{Kfjuiseiinir), and club-mosses {Lycopodince). 

Former Importance of Fern-1 iKe 
Plante. That part of the geological history of 
the globe during which we know positively that 
organisms existed is divided into three great 
epoelis — Primary, Secondary, and Tertiary. The 
last and shortest of these, which includes the 
present ix^riod, in characterised by the dominance 
of {kkI- plants ( A nyios perms) on land, while naked - 
seeded plants {Gymnasperms) were supreme 
during the much longer Secondary epoch. 
Before this, in the immense period of time em- 
braced by the Primary epoch, fern-like plants 
played by far the most important part in the 
vegetation of the land. During a part of this 
ejKKjh the coal-meauures of Britain slowly accu- 
mulated, and they are chiefly made up of the 
roinains of such plants, some belonging to groups 
which are now' entirely extinct, while others are 
represent^^d at the present time by species which 
are mostly small or even of insignificant size. 

FERNS (Fllicince) 

Tree Feme [184]. The hot. damp forests 
of tropical and sub- tropical regions may be 
regarded as the headquarters of the fern group. 
In parts of the soutliern hemisphere — notably 
Oylon, Australia, and New Zealand — some ferns 
grow to the size of trees, and may even' make 
up forests. They somewhat resemble palms in 
ap|K‘aranee, consisting as they do of a long, bare 
trunk, tearing a orow'n of feathery leaves. 

Parts of a Fern Plant. A fern plant 
of the kind familiar in this country generally 
coiwists of on underground stem (rhizome), 
which may creep horizontally at some distance 
bolow' the surface, as in bracken {Pttris aquilina), 
or may be obliquely embedded in it, as in male 
fern {Aspidivm Filtx-mas), The stems of other 
species are attached to the bark of trees, or 
find a home in the crevices of waUs or rocks. 
Brown branching roots grow out from the stem, 
and serve, as usual, the double purpose of fixation 
and absorption of a part of the food. The leaves 
or fronds grow in the contrary direction into 
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the air and light, and do the same work as in 
seed-plants. They are sometimes broad and 
unbranched, as in the hart’s-tongue (Scolopen- 
drium), but theii shape is commonly more or 
less feather-like [181]. Young fern fronds are 
roUed up in the shape of a bishop’s crosier, and 
are thus enabled to force their way up through 
the soil without getting damaged. 

The Life History of a Fern. Probably 
everyone has noticed regularly arranged brown 
patches on the backs of fern fronds [181]. 
Each of these is termed a sorus^ and species 
differ considerably according to the shape 
of Bori and their manner of distribution. 
In bracken they are close to the edges of the 
frond, and follow its outline ; in hart’s-tongue 
they are long streaks diverging from the middle 
of the leaf, while in polypody [Poly podium), so 
common on tree-trunkn, and male fern they are 
round patches [see also 181]. A sorus may 
have no special investment, ais in polypody, 
or it may be covered by a membrane 
(indusium), as in male fern. In some cases 
there are sfwcial fertile fronds of different shape 
from the others, upon which the sori are borne, 
instances being afforded by the hard fern 
(Blechnum boreale) and royal fern {Osmundfi 
regalis), the latter being our largest native 
species. 

Spore-mses and Spores. Examination of a 
sorus under the microscope shows that it is made 
up of a numlHjr of stalked spore-cases [185], in 
which are contained a number of angular browm 
spores. A spore-case is of biconvex shape, with 
a thickened ring {annulus) running round the 
greater part of its margin. This band is in a 
state of tension, and when the spores are ripe it 
tears open the case and scatters them in all 
directions. 

Germination of the Spores. The spores are 
cells of simple structure, and must not be con- 
founded with seeds, for, as we have already 
learnt, these are of very complex character. A 
spore, too, is not, like a seed, the result of a 
process of fertilisation, but is asexuolly produced. 
Should it reach a damp spot it at once germinates. 
Its firm coats split, and two outgrow'ths make 
their appearance — a delicate, colourless, root-hair 
w'bich grows dowm, and a green thread that 
makes its w'ay upw'ard. But few spores are able 
to effect their work of continuing the species. It 
has been calculated that, on an average, only 
one spore per plant succeeds in doing this each 
season. And if these little bodies were not 
produced in vast numbers, ferns would soon 
become altogether extinct. We should natur- 
ally expect that the germinating spore would 
grow at once into a new fern plant ; but this is 
not the case. It gives rise to a small heart- 
shaped, green expansion, the prothallus [186], 
attached to the soil by numerous root-hairs. 
Prothalii may often be seen in quantity in green- 
houses, growing on the mould in which ferns have 
been planted. The artificial conditions are very 
favourable to their production. 

Egg-organs and Sperm-organs. Upon the 
under side of the prothallus, in its central 
region (the cushion), which is thicker tiian 
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its edges, will be found a group of egg-organs 
[188]. each of which consists of a basal part, 
emb^ded in the prothallus. and containing an 
egg-cell, and a projecting curved region. Mat- 
tered about on the same side of the prothallus. 
but restricted to its thinner part, are a number 
of very minute hemispherical projections, the 
sperm-organs [187], in each of which are pro- 
duced a quantity of excessively small sjperms, 
shaped like fragments of corkscrew, and beset 
witn delicate threads of protoplasm, in constant 
movement, enabling the sperms to swim about 
in the film of moisture covering the prothallus. 

Fertilisatum. Within the mature egg- 
organ a sort of slime is produced, which swells 
up and forces apart the cells making up the 
projecting portion, so as to leave a passage dowm 
to the <!gg-coll. Meanwhile, the ripe sfKjrm- 
organs have l>een burst of)on in similar fashion, 
and the liberated sperms swim actively about. 
The slime which oozes from the egg-organs 
exerts a chemical attraction upon them, and 
should a spcirm succeed in making its way down to 
an egg-cell it fuses with it. This act of fertilisa- 
tion is precisely comparable to the process de- 
scribed under the same name for seed plants 
And it is particularly interesting to notice that 
among the lowest of the latter (Cycadft), the 
pollen-grain gives rise to motile sperms, instead 
of Rowing out into the usual pollen -tul>e. 

J)eveU)jmeni of the Fertilised Egg-cell. The 
fertilised egg-cell at once begins to divide, 
and soon gives rise to a young torn-plant [189], 
which remains for a time attached to the 
prothallus, but ultimately drops off and takes 
root in the ground. The prothallus now perishes. 

Alternation of Generations. We see, 
therefore, that the life-history of the fern 
includes two alternating stages : (1) The 

ordinary fern plant, which produces spores 
asexually, and (2) the prothallus, possessing 
egg-organs and sjx^rm-organs. We may call 
these the S}x)rc -generation and the Egg-genera- 
tion, and show their relationship thus: 


This remarkable phenomenon is known sks 
“ alternation of generations,” and is typically 
seen in fem-like plants, mosses, etc., and many 
lower forms of plants. It is also characteristic 
of seed plants in a somewhat modified form. 
FERN-LIKE PLANTS 
Adder's • tongue and Moonwort. 
These small and rather uncommon British 
ferns differ in several ways from their allies 
just described, for they possess but a single 
leaf, which divides into a sterile and a fertile 
port, while each spore -case develops from a 
group of cells, and not from a single one, as is 
the case in an ordinary fern. In the adder's- 
ton^o {Ophioghasum) [190], the sterile part of 
the loaf has a simple outline, '\diile the elongated 
fertile portion is practically a mass of closely 
crowded BiK)re-oase8. But in moonwort [191] 
both parts of the leaf ore branched in a feather- 
like manner. 
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Water-feru (Hydropieridat). These make 
up a small but interesting group of little plants 
wnich are either purely aquatic, or grow with 
some exceptions in swampy ground. 

The lake quillwort {laoites lacvMria) [192] 
is found in this country growing at the Mttom 
of mountain lakes, from North Wales north- 
wards, and looks at first sight like a stoutly 
built grass. But it is in reality a relative of 
adder's -tongue and moonwort, and if, during 
the summer, we examine the inner sides of the 
bases of its leaves, we shall find that each of 
them bears a comparatively large spore-case. 
As in all the water-fems, these are of two kinds, 
which respectively contain small spores and large 
spores, and having regard to the fate of these 
we may call the leaves which produce them 
male spore-leaves and female spore-leaves. For 
a small spore germinates to produce a minute 
male prothallus with a single sperm-organ, 
while a female spore gives rise to a rather larger 
female prothallus, which bears a few egg-organs. 

Of the remaining members of this group, 
which are more nearly related than quiUwort 
to ordinary ferns, the first to be considered is 
salvinia [198], a small aquatic plant, native to 
South Europe. It is entirely devoid of roots, 
and consists of a stem bearing two kinds of 
leaves, some being oval and floating on the svu*- 
face, while the others are finely divided and 
submerged. The latter play the part of roots, 
and they are also fertile, for at their bases are 
found rounded sori containing large-spore and 
small -spore cases. The spores germinate within 
these in much the same way as in quillwort. 

Marsilia [194] grou's in marshy ground, and 
is represented by European and Australian 
species. There is a creeping stem, from the 
under side of which roots are given off. The 
long-stalked loaves fork into a sterile and a 
fertile portion, the former terminating in a blafde 
which is divided into four parts, and somewhat 
suggests wood-sorrel in general appearance. 
The fertile section ends in a hard, bean-shaped 
structure, which may be 
called the spore- fruit, and 
contains a number of spore - 
cases, of which some enclose 
i&rge and others small spores. When these 
are ripe, part of the internal tissue of the fruit 
is converted into mucilage, which swells up and 
^liU open the firm investments along one sidle. 
The spores now germinate to give rise to the 
two kinds of prothallus, and the fertilised egg- 
cells grow into new plants. 

Pillwort {Pilularia) [195] grows in the same 
kind of places as the last-named plant, and 
is a European species occurring in Britain. It 
possesses a creeping stem with roots, and 
narrow leaves. Parts of their bases are 
modified into rounded, brown spore-fruits, the 
shape of which has suggested the popular and 
scientific names. These contain a number of 
spore-cases of both kinds, which are liberated 
by the swelling up of mucilage, that bursts open 
the fruit in a valvular fashion. The rest of the 
life-history is much the same as in marsilia. 

CmUinusd 


8PORK-GKNRRATION— ipore— Ego-oenkration / Egg-orsan — egg-Mll \Fertlll8M 
(fern plant) (proUialius) \ Kperm-organ — spt'rm / egg-cell 




191. Moonwort. 192. Qufllwort. 193. Salvinla. 194. MarilUa. 195. Pillwort (Pllularla). 196. HorseUll. 
197—8. Clab-moM. 199—203. Selaginella. 202. Male protballus (lection). 203. Female prothallui. 
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36. WOOL SORTING (MERINO FLEECE) 


7. Middle of hnimch. Long strong wool of 
large staple 

S. Hinder parts. Coarse and long, apt to be 
hairy. 

9. Top of hind leg. Very like 7, but rather 
dirti(‘r. 

10. Under body. Short, dirty, but fine to- 
wards the forelegs — known as “ brokes.” 


irregplar in growth, as well as full of thorns, 
twigs, and other matters. 

7. Central part of back. This wool closely 
resembles that obtained from the loins and 
back, and is rather tender. 

8. Belly. This is the wool found on the 
under parts of the sheep, between the fore and 
hind legs. It is short, dirty, and poor in quality, 
and somewhat tender. 

9. Root of tail Fibre coarse, short, and 
glossy, and very often tho w^ool is mixed with 
kemps or hairs. 

10. Lower parts of leys. Most of this w’ool is 
dirty and greasy, the staple lacking curliness 
and the fibre fineness. It is usually full of 
burrs and vegetable matter, , 

11. k2, 13. Head^ throaty and chest, Tho 
wools from these parts are generally classed 
together, as having the same characteristics. A 
small portion of fair wool may often l)e got from 
tho chest. The fibre as a whole is^tiff, straight, 
and coarse, mixed with fodder, and kempy. 

14. Shins. Tliis w’ool is short, straight, and 
stiff, and of little value. 

Practical Sorting. When unpacko<l 
from tho bale, tho wool is full of all kinds of 
dust and dirt. Tho best kind of sorting bench 
is made of a wooden frame emdosing a table of 


1 1 . Top of fore leg. Short and fine. 

12. Throat. Irregular, short, and kempy. 

13. Head. Short, rough and coarse wool. 

14. Shanks. Rough, hard wool, of little 
value. 

The division of the Merino fleece has been 
liest de8cril)ed by Dr. Bowman, and, with a few 
modifications, we adopt his scheme [36]. 

1 and 2. Shoulders and sides. Tho wools 
grown on these parts are remarkable for 
length and strength of staple, softness of feel, 
and uniformity of character. They are 
lAually the choicest wools found in the 
fleece. . 

3. Lower part of hack. This is also A 

a wool of good, sound 4 

quality, resembling in staple 

that obtained from the _ f 
shoulders and sides, but not ^ 
so soft and fine in fibre. IF 

4. Loin and back. The _ 
staple here is comparatively • ^ - 
shorter, and the hair not so M 

fine, but the wool on the f ffgf 

whole is of a true character, i-f"., » i 

In some cases, however, it is 1^ ^ / 

rather tender. 

5. Upper parts of leys. Wool 
from these parts is of a p ^ 
moderate len^h, but coarse in jr ? 

fibre, and possesses a disposi- ^ , 

tion to hang in loose, open ^ ^ 

locks. It is generally sound, 
but liable to contain vegetable ^ ^ 

matter. "" t. 

6. U pper portion of neck. ^ ^ I' 

The staple of the wool 

clipped from this part of the ^ 
neck is wholly of an inferior ' 
quality, being faulty and " " 
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86 . WOOL SCOURING 
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woven wire, the Hmooih surface of which gives 
an even base to the fleece, while the meshes let 
through the dust and rubbish, which is drawn 
away by exhaust fans, through a wide tube, 
to ,the dust pit. Lift the fleece flat, and 
it wool side undermost on the bench. 
Set the wool baskets round, those for the 
highest qualities nearest to the hand. Now 


acts chemically, for the most part ; and, secondly, 
that wet wool felts and Imots very readily. 
Simple as these facts appear, they have not 
been acted on by many would-be inventors of 
scouring machines. Taki^ a model from the 
domestic washing-tub, it has seemed to them a 
splendid thing to produce a scourer that would 
make a lot of splash and soapy suds, not knowing 



87. WHyTELEY’s DRYING Al'PARATUS 



take the big clipping shears, and remove ad- 
hering skin, tar-marks, rough edges, clogs, and 
other excrescences ; then shear the flcjece into 
two halves. Lay the half, wool side up, across 
the bench, head and tail, and sort out the 
various qualities, following the one table or the 
other, according to the kind or quality of fleece. 
In gripping, see that you take the wool away 
clean# twcause in some parts the quality of wool 
veiy suddenly alters from low to high, and 
mixing is fatal. 

Wool Steeping. High-class fleeces, such 
as Saxony and fine Botany, may be sent direct 
to the Bcourixm machines ; but we are engaged 
chiefly on stuff that is not first-class. All wools 
of average quality are usually very dirty, and the 
vfool manufacturer is prudent who makes pro- 
vision for steeping his wools before scouring. 
Steeping is a very simple operation, the object 
being to take away the rough dirt and to soften 
the matted staples. Various methods of steep- 
ing have been adopted, the simplest being a 
bath with a perforated double bottom, with 
wide meshes, which let the dirt fall through to 
the bottom of the Imth and retain the wool. 
When the wool has been steeped long enough, 
and tlie water let off, it is roughly dried by being 
passed between a pair of rollers The best steep- 
ing arrangement we have seen is highly ingenious, 
and so contrived that the water penetrates the 
mass of wool from below, and maintains a 
circulating motion. These machines are easily 
managed, and require no detailed instrnotions. 

Wool Scouring. This is one of the most 
important operations in the preparation of wool, 
and calls for detailed attention. Manv a blemish 
has appeared in yam which remained a mystery 
till the explanation was found in the scouring 
troughs. iVo facts must always be kept in 
mind by the wool scourer — first, that a detergent 
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that wool sploshed about gathers into knots and 
strings no man can unravel. The aim of the 
scourer is to permeate the wool with an effective 
detergent, with as little movement as may be 
possible. He must, of course, use a machine, 
and we should find one which will economise 
scouring in^dients, take the wool through 
comparatively free and open, let away the dirt 
readily, and aeliver a clean wool at the end. 

A good many scouring machines have been 
invented, but the model most generally used [86] 
is a combination of forks or pikes working the 
wool through a series of troughs filled with 
scouring liquor. Let us suppose that we have a 
scouring machine 60 ft. Jong and over 6 ft. 
broad, divided into thr^e troughs by movable 
compartments, in which are perforated false 
bottoms 6 in. above the real bottoms. Hung 
horizontally across the troughs are rows of long 
forks, automatically moved by gearing in the 
sides of the machine, and between each trough 
a lifting and squeezing apparatus for transferring 
the wool from one trough to the other. This 
machine will do fairly good work, but it must 
have the proper ingre^ents to work with. 

Scouring Liquors. Water is the vehicle 
of our detergent, but the detergent itself may 
be potash, carbonate of soda, silicate of soda, 
ammonia, or soap. Carbonate of soda gives a 
harsh feel to the wool ; silicate demands a good 
deal of careful sousing, to clear out the hard 
silicate ; and ammonia is very nice, but rather 
weak for most wools. We advise the following : 
First trough, 6 gallons potash soap mixed with 
pearlash ; second, three gallons potash soap and 
pearlash in small proportion ; third, pure, warm 
water. For coarse wools the water should be of 
a beat ranging from 90° F. to 130° F. ; for finer 
wrools, from 120° F. to 142° F. The gradation is 
from strong liquor to pure water. As the strong 
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liquor trough receives the wool first, it must 
become foul first, and it has been found a profit- 
able plan to empty the strong liquor out when 
it has become too dirty, run the second trough 
into the first, and the third trough into the 
second, make up the first and second to the 
required strength, and fill the third again 
with pure water. This method economises 
potash, water, and labour. 

Scourer at WorR. Having got the ma- 
chine into working order, we put the wool on a 
feed -lattice that bears it forward into the strong 
scouring liquor, and there it is waved gently to 
and fro, w’hile being brought along inch by inch — 
the liquor sapping through it meanwhile — to the 
end of the trough. Here the wool is automatic- 
ally lifted on to a board, and drawn l)etw'een two 
heavily clothed rollers, which gently press out 
the superfluous liquor, and drop it into the 
sec^ond trough. Ingeniously devised buckets, 
like elevators, catch the squeezed liquor and lift 
it back into the first trough. Through trough 
number two the wool makes the same slow' and 
steady progress, and then is plunged into the 
warm-water trough, in which it is gently soused 
free from cleansing liquor, to be firmly squeezed 
in the drying rollers. Thence the wool must 
be taken to the drying apparatus. 

Utilising Waste Scour Liquors. 
Analysis of raw wool shows that one-third of the 
w'eight of raw w'ool is made up of yolk and grease. 
In the scouring process this substance falls to 
the bottom of the scouring- trough, and impreg- 
nates the scouring liquid. When emptying the 
trough, we simply pour the whole lot — waste 
liquor and residuum — into large settling tanks. 
From the first settling tank, in which the hard 
dirt drops away, the liquor is pumped up into 
the highest of a series of settling tanks. Here 
tl^ liquid is scoured by the addition of sulphuric 
acid, and heated by the injection of steam. 
The acid separates the grease from the soda, 
and three distinct layers form in the tank — the 
grease on the top, the water and suspended 
acid and soda, and a mixture of earthy mattc^rs 
and grease at the bottom. From the surface the 
grease is skimmed off, and the rest of the contents 


the grease is transferred to the hot press, 
in which, under steam, the oily substance 
is melted out, and escapes into a tank, when* it 
is taken po-ssession of by the purifiers, who ladle 
it up into a lead-lined vessel, search it thoroughly 
with strong sulphuric acid for rtunaining tracca 
of water, and then barrel it for sale under the 
name of “ Yorkshire grease." In all this we 
exhibit the principle only of utilising tlie 
liquors ; the methods an' various. 

Drying Wool. Before W'ool can Im' taken 
a step further it must he thoroughly dried ; all 
our machinery presupposes a pi^rfectly dry 
material. Two drying machines are commonly 
used, though some factories have drying rooms 
sfiecially fittc'd up on princi files almost as varied 
as the number of them fH'rmits. The older 
machine is a roof-like wire frame, within the 
triangle of which an* two sets of fans on n^volving 
spindles, and two pairs of hot steam jiijM's. Jn 
tile ajx'x of the roof are two funnels. On the 
wire sides of the frame the w-et wool is laid in an 
even layer. SU'am is sent into the pifies, and the 
fans set revolving. As they revolve the fans 
cause the air to circulab' down through the 
funnels, round the hot pipi's. and up through the 
wool. Theoretically, it scoras all right; lait in 
practice the machine has defects, esfa^cially in 
work requiring speed and uniformity. For one 
thing, the lower fibres got an undue share of loth 
heat and air 

A West of England man named Moore, experi- 
encing the defects of the machine described, in- 
vented the newer one. It is a highly in^mious 
contrivance, though railber elaborate*, ricture 
a large box, with doors at each end and two 
funnels from the top leading out to the roof, and 
there crowned by (‘xhaust fans. Such is the 
external aspect of this dryer. Having our wet 
wool ready, we ofx'n the fore-end door, and 
see inside a long row of rollers revolving trans- 
versely between a double series of steam j)iiK*s, 
one series above and the other lielow, and above 
the higher range of pipes anothet* row of revolving 
rollers. At the far end, its spiked rims almost 
touching the whole structure, turns a huge wheel. 


run down into the tank below, where the process 
is repeated. Here, however, we make an effort 
to recover our scouring acid, and succeed by 
raising the temperature of the liquid and adding 
more acid. Each element separates, 
and is drawn off by stojxiocks at 
different levels in 
the side of the 
tank. The recovered 
potash can again ^ 

be utilised in the ^ , 
troughs 

Having got the 
grease, our next business 
is to make it fit for the 
market, because it is still 
dirty and mixed with 
water. First, the soft 

masses are run into a slip press and 
freed from as much of the water as 
can be squeezed out ; secondly, 
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We feed in the wool, and it travels like a fluffy 
snake along the lower row of rollers, to be 
dragged off and cast up on to the row of rollers 
above by the swiftly running wheel. The action 
of the top rollers brings the wool back along the 
length of the machine, and it drops down at the 
near end to 

resume its Tx 

journey again. 

111© air driven v/ ! 

from the fans, 'If 

and heated by ^ // / \\ 




80. SECTION OF WOOL WILLOW 

the sU'am pijM^s, makes a warm draught of air tl 

go through the travelling wool. Sufficiently w 

dry, the wool must now Ijo frec^d from the (! 

circle. For this purpose, the door at the n 

bock of the machine is opened, and the n 

flinging action of the w’h(‘<4 throws the w'ool it> 

outwards on to the floor. The batch of n 

w’ool may weigh 1(K) lb., and the time taken is 
about 20 minutes. The side elevation and cross- t] 

section of a new and improved model of this a 

machine, made by Messrs. Whiteley & Sons, f] 

LimittKl, of Lex^kwood, are shown in 87. b 

Teasing Wool. Tlie clinging properties p 

of wool are very convenient in making threads ; b 

but we find these very qualities rathcT trouble- c 

some in the raw woof. CYinkled and serrated, s] 

the fibres hold together in tufts, and no amount y 

of scouring can efft'C-l a sc^paration. But parted tl 

they must lx\ or we can make no yam. Kach d 

fibre, indeed, should Ix' singled out and put into h 

its place. Wlien it is considered that 4,tXKf 7 

iibres of fine merino w'ool can grow' on a square a 

inch of skin, the intricacy of the mixing may be a 

imagined. For picking out and separating the fi 

com bined fi bres we have a long series of machines, o 

graduating from a simple teaiing apart to the 
detailed direction of the individual fibres toward 
their places in the long filaments w-e name tl 

yarn. c 

Opener. Our first w^ool- teaser is called si 

the opener, and it resembles closely a machine c 

of the same name used in the cotton factory, h 

although the two are distinct and call for separate w 

description. Several makers have put forw’ard ii 

now and. in some cases, improved openers, but ii 

after we have learned to work the ordinary p 

machine, the otliers will present no difficulty. 7 

The working part of the opener [88] is hidden n 

under its strong iron casing, but we must look if 

under the iron [89]. In the centre is a large si 

cylinder, and above it (wo small cylinders. n 

Along the large cylinder iron bands are fixed, w 

and from each band spring two rowrs of curved n 
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teeth. On the little cylinders we see long iron 
spikes set like formidable teeth in the jaw of a 
terrible monster. By giving the wheels a turn 
we can observe how these things work. The 
motion of the large cylinder is quicker than that 
of the small ones, and the movement of the 
former is from right to left, while the latter turn 
from left to right. Observe, also, that none of the 
teeth come into direct contact. A fan at the back 
sends a strong current of air through, drawing 
away the light dust ; beneath the cylinders is 
a w'ire grid over the receptacle for refuse. The 
creeper band in front 
^ completes the machine. 

Lattice Creeper. 
Before going further, let 
us explain the feeding 
^ I contrivance constantly 

; used in many textile 

, machines, and often re- 

: I ferred to, but seldom 

; I described. If you lace 

1 = 1 ...- a number of flat strips of 

w wood together so that 

they form a band, join 
the ends, and stretch over two rollers, you have 
what we call an endless lattice band or creeper. 
Obviously, if the i oilers revolve, the band w'ill 
move forw'ard, and anything placed upon it 
must also be home in the same direction. This 
is the feeding apparatus on most textile 
machinery. 

Opener at Work. Pile the dried w'ool on 
the lattice creeper, and set the machine going. 
As the wool comes through the fluted feed-rollers, 
the curved teeth of the cylinder bear it away ; 
but the little cylinders slow'ly turn above, and 
pick the w'ool out of the teeth of their big neigh- 
bour with their long spikes. As the large 
cylinder travels at ten times the speed of the 
small ones the pull betw een them is very great ; 
yet, because the one set of teeth does not enter 
the plane of the other, there is no positive 
drag, the cylinders parting, as it w'ere, the tufts 
Ixqw'een them in an amicable spirit of division. 
Thus the tangled locks of w'ool are opened out, 
and at the same time, by the beating, dragging, 
and whirling, combined with the blow ing of the 
fan, the dust yet adhering to the fibres is driven 
out. 

Burring. Fed among grass and quick - 
seeding plants of various kinds, sheep gather in 
their coats an incredible quantity of those 
clinging, prickly seeds described comprehen- 
sively as burrs. Scouring and opening do not 
clear the wool of these things, and many of us 
have been seriously puzzled to discover what 
would. Leave but a few fragments of those 
insidious little seeds in, and they w'ill appear 
in the finished cloth as a surprising multitude of 

? in8, almost invisible, but horribly sharp. 

wo methods are adopted, and both are ad- 
mittedly imperfect, for opposite reasons. One 
is what is called the extract method, in which 
sulphuric acid is used to destroy all vegetable 
matters ; it is effective, but the texture of the 
wool is deteriorated. The other method is 
mechanical, by means of the burring machine 
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[40]« and this is admittedly defective in that it 
does not infallibly clear out all the fragments of 
seeds, but it has the merit of preserving the 
quality of the wool and forwarding the manu- 
facturing process. When we deal with the 
utilisation of w’aste, the chemical method 
of treating wools for burrs will be detailed at 
length. At present we proceed with the 
mechanical method, which is in the direct line of 
our advance in preparing the fibres. 

Burring Machine. If any machine 
was ever devised with strict attention to the 
end in view, it is the burring machine. Every 
part of the contrivance is directed to two pur- 
poses, one to disentangle the fibres, and the other 
to throw up the burrs so that they can be cleared 
off easily. On this account alone it is worthy 
of detailed study. In front there is the usual 
feed-lattice, which carries the wool forward to 
the two fluted feed-rollers, and l^cyond, quite 
inside the machine, is the licker-in, or revolving 
fan. The latter merely bi'ats the wool down 
on a travelling lattice-sheet within the machine, 
which carries it onward to where a roller- 
brush is running, and this swiftly revolving 
brush lifts the fibre on to the central cylinder 
armed with needle -pointed steel plates, pre- 
senting serried rows of small teeth. Borne 
swiftly round on the central cylinder, the 
fibres come in contact with the two spiral- 
bladed burr rollers and the ledger blades, 
which, acting and reacting, open out the 
wool and draw' off the burrs. Thence the 


At this point, however, some w’ords of 
explanation ore necessary. If there w^cre no 
such entities as money and markets, our 
procedure would bt^ unchallenged. If every 
kind and class of wool were used unmixed to 
produce the \ am and class and kind of fabric 
for which it is best suited by nature, textile 
manufacture would 1 h' a much easier pro- 
fession than it is. There are many blends, 
which may be roughly classed under these 
heads: (1) Different wools; (2) w'ool and 
silk ; (3) w'ool and cotton ; (4) wool and bast 
fibres, such os flax, hemp, and jute ; (5) wi>ol 
and w'aste fibres, such as noils, shoddy, mungo, 
and extract. 

Mixed Wools. The main reason for 
mixing w'ools is the compulsion put u})on 
manufacturers to pnxluce given counts of yarn 
at low prices. The fluctuations of th(‘ raw' 
wool market largely affect the w'ool-bl(‘nd(‘r's 
work. When New Zealand wool was selling 
at 4jd., in IKtir), the teui|)tation to mix in 
lower class wools was small ; but whem the 
average price ro.se to over Sd., the position 
Ix'came wholly different On that side it is im- 
possible to be definite ; every scfison brings its 
own }K‘culiar problems. But in regard to the 
wools themselves clear rules must be observc'd. 
In our table of wools we have given the highest 
counts of yarn into which the variotis wools 
can be spun. Tlu^ finest of fine Leicester can- 
not be spun to a higluT count than 70, and most 
manufacturers consider f)!) as high as should b(‘ 


loosened fibres aie taken by a large roller and 
Ixjaten firmly against a grid, to expel the last 
few clinging particles, and let off again on to the 
large cylinder, Iwhind w'hich runs a swiftly 
driven brush, always keeping that side of the 
cylinder clear, cleaning off the wool, and dropping 
it into the box at the end of the 
n\^hine. & 

Blending. The wool is now ^ — 

ready for blending. We saw at 

the sorting bench how a single 

fleece yields fourteen different 

qualities of wool. By supposi- - 

tion, however, all this batch of " 

wool we have been treating has 

been taken from one .sorting 

number — say. Number 1 , Botany, ^ 

or Australian merino. This “ 

makes our task of blending a 


attempted. To mix that wool in for a higher 

^ . . ' 


- 


Tf -, - 






comparatively easy, but by no 
means a superfluous, operation. 

Select and breed your sheep ever so carefully, 
each sheep will have its own individuality 
and peculiarities. Superficially regarded, the 
members of a flock of sheep appear very much 
alike ; but if you watch a shepherd at work, 
you will be astonished to discover that he knows 
nearly every individual sheep. Careful ex- 
amination of the wool before us will enforce the 
same lesson. Though belonging to the same 
class, those wools differ in a marked degree. 


40 . BUKBINU MACHINE 

count of yam is to fail. The safe rule is to blend 
nearly related wools of similar character — 
soft with nearly soft, fine with fine medium, 
carding with carding, and combing with combing 
wools 

Wool and Silk. Before being brought 
to the blending-room the silk waste should be 
thoroughly prepared. It is j)erhaps most 
important to see that the length of the silk 
fibres does not too greatly exceed that of the 


and no ingenuity of selection can alter the fact. wool staple. Next to that is the question of 
It is a well-known fact that by combining colour, the silk, in the cose of mixed colours, 
differences an average is produced. That is the always making part of the ground or main 
object of blending. bodv. 
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Wool and Cotton. For a long time 
theoretic difficulties were constantly being 
raised to this mixture, while actual practice 
showed good results Coarse wools cannot 
combine with cotton, because there is not in 
cotton a corresponding weight or thickness 
of fibre. Very fine, short wools, such as the 
iHJst merino, mix well with cotton. Equal 
quantities of both fibres produce the liest results, 
and the blending should be very intimate. 

Practical Blending. Wool blending is 
a hand process, for the most part. The wool 
is spread out on the floor in thin layers, one 
layer above the other, till the whole batch 
stands a square mass. I'he ^vidor the differences 
in the mixture, the thinner should l>e the layers, 
HO that the mixing may la? more intimate. Now 
take a fine rake and rake 
down the stack, taking no 
more than a thin vertical 
slice at each stroke, till the 
whole has bwn mixed. 

Other and more ela 
methods _ . 
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are often 
adopted ; 
but, as 
wo have 
broadly hinted, 
these relate to 
blends and 
theories of 
blending far 
beyond the scotm* of our study. 

Oiling. When scouring the wool, we 
deliberately took from it the natural oil or 
grease, ana now it is so bare and harsh that we 
cannot make much use of it. In the machines 
used up to this jK)int the fibre has been treated 
gently, tearing and s<'vere dragging being 
particularly avoided. But wool cannot 
formed or made into yam by such soft jx*r- 
suasions. We must put it through the scribbler, 
at least, whose myriad teeth will drag and pull 
with vicious insistence. Those scaly serrations, 
upon which so much of the value of 'the fibre 
depends, must, left bare, lie broken and tom. 
Olive-oil is the bt?8t and, we believe, finally the 
cheapest lubricant for wool. 

Oil Spraying and Teasing. The 
“Fearnought” [ 41 ] is worthy of special note. 
I)ecau8t' it is the first and simplest of that class 
of machines named carders, with which we 
shall have a great deal to do. By carefully 
observing this contrivance we prepare ourselves 
for understanding the mort? complex carding 
machines. In main structure the “Fearnought” 
consists of an iron frame supporting a feed- 
lattice, a central cylinder, a series of small 
rollers revolving over the cylinder, and a fan 
cylinder at the end. Let us examine the 
relations and character of these. 

On the surface of the large cylinder spikes, 
shaped like dog’s teeth, form diamond squares 
about an inch in area, and similar teeth are on 
the small rollers, while two row's of straight 
teeth stick out from the edges of the wings of 
the cylindrical fan Note now the roUers ; 


they alternate loige and small, the large being 
called workers and the small the strippers. All the 
workers are geared together, and a separate gear- 
ing connects the strippers, the latter being re- 
quired to revolve much more quickly than the 
former, for reasons we shall understand presently. 
Over the fore -end of the machine is the oiling 
apparatus, with oil cistern and spraying distri- 
butor, efficiently controlled from the machine. 

Lay the blended w’ool on the feed apron. As 
it moves slowly forward in a thin layer, the 
spray of oil passes over it like a softening 
vapour, and the wool is drawn in by the feed- 
rollers, the lower one of which faithfully presents 
the fibres to the large cylinder, while the upper 
one, like a greedy agent, wraps a portion of the 
stuff round itself But a stripper roller is geared 
" above the feed-roller, and it 

y ■»>. quickly rives away the spoil, 
^ * to deliver it again to the 

c y 1 i n d er. 

Another 

worker 
roller, re- 
volving in 
the same 
direction, 
more slowly, 
pulls the wool from 
^ IB"" * the breast of the 

cylinder, and winds 

ITH OILING ArrARATUS round itself. Once 

again a stripper 
ally of the big, spiky wheel interferes, digs its 
long teeth into the teeth of the worker, and, 
being driven at greater speed, pulls away the 
wool and swiftly surrenders it to the cylinder. 
Thrice the triple action is re|x?ated, worker, 
stripper, and cylinder drawing and teasing out 
the w'ool and at the same time making the 
mixing more intimate. 

Meanwhile the fan is doing its double work, 
driving with its swiftly flying blades all the 
remaining dust out of the fibres, and at the same 
time doffing the teased wool from the cylinders 
with the straight teeth fixed on the edges of its 
flanges or wings, and throwing it into the 
receptacle. 

Three principles are^ at work here, and can be 
more easily view:ed *in this simple machine 
than in any other. First, there is the principle 
of directly oppo.sed force, which is probably the 
first movement in mechanical effort. All hand 
tools are simple examples of the principle. 
But instead of acting as one of the 
opposing forces, the wool manufacturer gets 
three sets of jww'er-driven rollers to do 
it for him. The second principle is dif- 
ferential motion, by which b^ies moving in 
the same direction at different speeds react 
upon each other or on the agent between 
them, such as the wool in the present 
instance. The third principle is that of cen- 
trifugal force, the magnetic power developed 
by the revolving belies causing the w’ool 
to cling and remain within the little round 
prescribed. 


Continiied 
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INTEREST 

120. Tf a person borrows money, he usually 
pays something for the loan. The sum of money 
he borrows is called the Principal ; the money he 
pays for the use of the principal is called 
Interest is generally reckoned at so much for the 
une of each £100 for one year. This amount is 
called the Rate per Cent, per Annum. 

Thus, if we say that £200 is borrowed for 
three years at 4 per cent, per annum, we mean 
that the borrower, at the end of each yt^ar, 
pays the lender £4 for each £100 borrowed — i.e., 
£8 interest for each y’ear. 

In the above example, where the interest 
is supposed to be paid to the lender at the end 
of each year, it is clear that the interest is 
projTortional to the number of years — that is. 
the interest for two years is twice the interest 
for one year, the interest for seven years is seven 
times tliat for one year, the interest for one 
month is that for one year, and so on. 
Interest thus reckoned is called Simple Interest. 

If, however, the interest at the end of the 
first year is unpaid, it is added to the prin- 
cipal and thus forms a new principal for the 
second year. Consequently, the interest for 
this second year will be more than the interest 
for the first year. When the interest is added, 
year by year, to the principal, as it becomes 
due, the money is said to Ik* lent at Crmpound 
Interest. 

•The sum obtained by adding the interest for 
any given time to the principal is called the 
Amount in that time. 

121. Suppose we have to find the simple 
interest on £420 for three years at 5 per cent, 
per annum. We can obtain the result by 
means of “ compound proportion.” 

(i.) We are required to find interest. Hence, 
£5, the interest on £100 for one year, will be 
the third term of the proportion. 

<ii.) We next ask. “ If the interest on £KK) is 
£5, will the interest on £420 be more or 
less ? ” — whence we obtain the ratio £1(X) : 
£420. 

(iii.) “ If the interest for one year is £5, will 
the interest for three years be more or less ?” 
— giving the ratio 1 year : 3 years. 

Thus, the statement is : 

• 3*^ } : : £5 : Required Interest. 

T . . £5 x 420 x3 

• Interest = 

Hence, we see that 

Interest = Principal x rate x time (in years) , 

or, in other words, to find the simple interest 
multiply the principal by the time expressed in 


year 8^ and by the rate j)er cent.., and divide the 
product by 100. 

Example 1. Find the Simple Interest on 
£162 lOs. for four years at 3J per cent. 

Interest ^ 

100 

13 

= £22 15s. Ans. 

4 

Sometimes it is more convenient to arrange 
the w'ork as follows : 

Example 2. Find the amount of £345 ISs. 4d. 
in 15 months at 2J per cent. Simple Interest. 

£ s. d. 

4)345 15 4 
86 8 10 

2)432 4 2 Explanation. 15 months = 1^ 
2 years. Write down the princi- 
^864 8 4 one-quarter of it, 

216 2 1 8‘ving £432 4 b. 2d. Multiply 

- -- [Art. 26]. Thus, the interest is 

1610s. £10 ^ Amount -- 

f ^ Interest -f Principal. 

1 25d. 

4 


£ s. d. 

.•. Interest ~ 10 16 IJ 

Principal 345 15 4 

.*. Amount £356 11 5} Ans. 


122. Since, Interest = Principal x Rah^ x Time 
-i- 100, it follows that if we are given any 
three of the four quantities — interest, princij>al, 
rate, time — we can find the fourth quantity. 
In the last article we considered the case in 
which interest was the quantity to be found. 
We shall now work examples illustrating the 
other three cases — viz., to find the rate, to find 
the time, and to find the principal. 

Example 1. At what rate per cent, will the 
Interest on £175 for 4 years amount to £24 10s. ? 

Either, by proportion, find the interest on 
£1(K) for 1 year (which is the required rate), 
knowing that the interest on £175 for 4 years 
is £24 108. Thus 

£175 : pOOj £24 10». : Required Rate. 

4 yr. ; 1 yr. j ^ 



2xl'i:sxn 


Or, find the interest on £175 for 4 years at 
1 per cent, and divide the result into the given 
interest. Thus — 
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Interest on £175 for 4 years at 1 per cent. 

= ^ £7. 

100 

Required rate = Ans. 

Note. If we are given the amount instead 
of the interest, we must first find the interest by 
subtracting the principal from the amount and 
then proceed as above. 

Example 2. In how many years will £175 
amount to £199 lOs. at 3J per cent. ? 

Here, interest - £199 lOs. - £175 =. £24 lOs. 

Wo now find the interest on £175 for 1 year 
at per cent, and divide the result into the 
given interest. 

Interest on £175 for 1 year at 3J p£*r cent. 

, £175x31 7x7^ 

ICK) "2x4 ■ 

Required number of years 
= £241-4- £y, 

49 8 

=- X _ = 4 years Ans. 

2 49 

Example 8. Find tlu^ Principal which will 
amount to £199 lOs, in 4 years at 31 per cent. 

The interest on £M‘(> for 4 years at 31 per cent. 

4 X 31 £14. 

.*. £l(K) is the principal, w'hich amounts to £114 
in 4 years at 3} p(?r cent. 

Hence we have the following proportion : 

£114 ; £199 10s. ; ; £100 : Required Principal. 

■ Kpquired Principal ■ 

25 7 

If we are given the interest, instead of the 
amount, we proceed in the same way — i.f.. we 
find that the inb^rest on £100 for 4 years at 
34 per cent, is £14, and then w'e know' that 
£14 : Given Int. ; ; £100 : Reqd. Principal. 

128. If the time, for which the interest is 
required, is from one given date to another, 
such as “ April Pith to July 14th,” w'e do not 
count the first of these days. In the case just 
mentioned, interi^st would be reckoned for 
30- 12, t.c., 18 days of April, 31 of May, 30 of 
June, and 14 of July, making a total of 93 
days. 

124. Compound Interest. From what 
has already been said about Compound Interest 
it is plain that we find the Amount in any 
given time by calculating the Simple Interest 
for each year in succession, the ^incipal, of 
course, becoming greater in each succeeding 
year. The Compound Interest for the whole 
period will be the difference tetw'een the 
Amount and the original Princip^. 

The work can be more compaotlr arranged by 
using £'8 and decimals of a £, than by using 
£ B. d. 

Example. Find the Compound Interest on 
£1375 for 2 yem at 3 per cent. 

1128 


£1875 = Ist year's Principal. 

41*25 = „ Interest. 

1416^5 = 2nd year’s Principal. 

42*4875 = „ Interest. 

1458*7375 - Amount. 

1375 

£83*7375 = Total 

14*759(^8. 

12 

'9;Wd. 

£83 14s. 9d. Ans. 

Explanation. To find the interest for 1 
year at 3 per cent, we multiply £1375 by 3 and 
divide by 100. Hence our second line is 
obtained by multiplying 1375 by 3 and moving 
the digits two places to the right. Then, 
adding 41*25 to 1375, we get £1416*25 for the 
second year's principal. We now repent the 
process — i.c., multiply 1416*25 by 3 and move 
the digits of the product two places to the 
right. This gives 42*4875 for the second year's 
interest. Add this to the second year’s princi- 
pal, and w'c obtain the Amount. Subtract the 
original principal, and w'e have £83*7375 for the 
(<om pound Interest. The £ 7375 is reduced to 
shillings and pence, as in .\rt. 91, Ex. 8. 

125. Before proceeding further, it will be 
convenient to consider how the labour of 
finding (impound Interest may lessened. 

Suppose we have some decimal, such as 
5*27463, and that w^e are asked to write it 
” correct to three places.” This means that W'e 
are to WTite down a number of only three deci- 
mal places which shall be os near as possible to 
the actual value 5*27463. The result is 5*275. 
For the given decimal is 5*2746... and 46 is 
nearer to 50 than to 40, so that 5*275 is nearer 
the true value than is 5*274. ^ 

Similarly, the value correct to two places is 
5*27. 

Again, our smallest coin is the farthing. 
Hence it is unnecessary, in commerce, to express 
any sum of money more accurately than ” to 
the nearest farthing" — i.c., we take a value 
w'hich differs from the true value by no more 
than half a farthing. Now*, 1 farthing — 
= £ 001041 . . . which is very nearly equal 
to £*(X)1. Thus, if*we have a sura of money 
expressed as a decimal of a £, correct to three 
places, it w'ill be correct to the nearest farthing. 
Therefore, in w'orking Compound Interest, if w’e 
reject figures beyond the fifth decimal place we 
shall still obtain the value correct to three 
places — i.e., to the nearest farthing. 

Example. Find the amount at Compound 
Interest of £38 28. 6d. in 3 years at 2J per cent. 

£38 28. 6d. 

= £38*125 — Ist year's Principal. 

2*5 

*76250 

*19 060 

*95310 = Ist year’s Interest, 

^*125_ 

39*07810 = 2nd year’s Principal. 



39*07810 - 2nd year's Principal. 

2*.’> 

•78f^ 

_^1953r> 

•97691 - 2nd year s Interest. 

39*07810 

40 05501 3rd year's Principal. 

25 

•80110 

•20025 

1*00135 — 3rd year's Interest. 

40*05501 

1:41*05636 - Amount. 

20 

1*127208. 

„ 12 
l*52640d. 

4 

2*10560 far. 

£41 Is. l^d. Ans. 

Explanation. Multiply by 2 and move the 
digits two places to the right, as in Art. 124. 
Next, in multiplying by *5, the first figure of 
£38 125 which gives a aigit in the fifth place is 
the 2. Hence we begin multiplying at the 2, 
exactly as if the multiplicand only consisted of 
38 12. Similarly, in finding the second year's 
interest, the first digit of 39*07810 which, when 
multiplied by 2, gives a digit in the fifth ]>lace 
is the 8 ; and when multiplying by *5 the first 
digit required is the 7. Proceeding in this way, 
we obtain £41*05636, of which not more than 
the 41*056 will be correct, but this, os we have 
seen, gives a result correct to a farthing. If 
we work out the above example in full, we find 
that the Amount is £41*056455078125. This, 
when reduced to £ s. d., gives £41 Is. IJd. 
4^*196875 farthings; t.c., £41 Is. IJd., which 
agrees with the first result. Evidently then, 
it is a mere waste of labour to work the example 
in full. 

125. In some cases we are told that the 
interest is payable half-yearly, or quarterly. 
We proceed in the same way as liefore, except 
that we find the interest for a half year (or 
quarter year), and add the principal, to obtain 
the principal for the second half year (or quarter 
year), and so on, until we reach the end of the 
required time. 

127. As in Simple Interest, if we are given 
the Amount (or the Interest), the Rate per Cent., 
and the Time, we can find the Principal. 

First, find the Amount (or the Interest) of 
£1 for the given time at the given rate. Then 
we have the proportion : 

Amount (or Interest) of £1 : Given Amount 
(or Interest) ! ! £l : Required Principal. 

Thus, the principal ia found by dividing the 
given amount (or interest) by the amount 
(or interest) of £1. 

128 . Present Worth and Diacount. 

Suppose a man has borrowed £100 at 4 
per cent., payable after one year. His debt 
at the end of the year will be .£104. Suppose, 
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also, that he finds himself in a position to 
discharge the debt at the end of six months, 
instead of letting it go on for the full year, 
('learly, instead of paying £104. he should only 
pay such a sum as, put out to inten'st at 4 |)ci* 
cent., will amount to £104 in the remaining 
.six months. By the method of Art. 122. Ex. 8, 
such a sum is found to £101 P,', or 

£101 198. 3d., nearly. 

This £101 19s. 3d. is called the Present H’orZ/j 
of the £104 due in six months at 4 per cent. 
The difference betw(M.‘n the pre^sent worth. 
£101 198. 3d., and the amount which would bo 
duo in the six months, £104, is called the True 
IHscouiU. 

Thus, the problem of finding the Present 
Worth is exactly the same aa that in Art. 122. 
Ex. 3, when the interest is sirnjdo ; and is the 
same as Art. 127 if the interest is compound. 

Example 1. Find the Present Wortli, and 
True Discount, on £40 8s. due in 73 days at 
5 per c(‘nt. 

Interest on £100 for 73 days at 5 per cent. 
- 1x5 £1. 

.*. Present worth of £101 - £100. 

Hence £101 : £40 8s. ; ; £100 : Reqd. P. W. 

K.‘cid.PresontWorth=i’‘’^:'‘.'*‘’?-i;40| , 

101 \ Ans. 

. *. True Discount - £40 8s. - £40 8 h. j 

Example 2. Find the Present Worth of 
£1458 14 b. 9d. duo in 2 years at 3 per cent. 
Compound Interest. 

£1. 

*03 

1*03 - Amount in 1 year. 

*0309 

1*0609 Amount in 2 years. 

.*. Present Worth of £1*0609 £1. 

.*. Present Worth of £1458 U.i. 9d. 
£1458-7375 
£10609 

1 *0609) 1 4587375(£1 375 A ns. 

39783 

79567 

53045 

Explanation. Find the amount at 3 per 
cent, compound interest of £1 for 2 years, viz., 
£1*0(K)9. Reduce 14 h. 9d. to the decimal of 
£1. Then, since £1 is the Present Worth of 
£1*0609, the required Present Worth is the 
quotient of 1458*7375 by 1*0609. 

COMMERCIAL OR BANKER'S DIS- 
COUNT. BILLS OF EXCHANGE 

129. In commercial transactions, an agree- 
ment to pay a sum of money at some stated 
future date is made by a Bill of Exchange, or 
by a Promissory Mote. 

Suppose a merchant, Janies Brown, receives 
an order for goods to the value of £^0, from 
another merchant, John Smith. Instead of 
p^ing cash, Smith authorines Brown to drav/ 
a Bill, to be paid by Smith after a certain jHjriwl, 
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' nsuiUly three months. Brown accordingly 
writes out the Bill of Exchange, as follows : 

Birmingham, 

13th November, 1905, 


£ 200 . 

V Three months after date, pay myself, or 
order, the sum of two hundred pounds, value 
received. 


James Brown. 

To 

Mr. John Smith, 

Merchant, 

Leeds. 

The document must bear a stamp, the amount 
of which varies with the amount of jthe bill. 
In this case it would be 28. 

The bill is forwarded to Mr. Smith, who 
“ accepts ” it — i.e., acknowledges the debt, by 
writing “ Accepted,” followed by his signature, 
across the face of the hill, and returns it to 
Mr. Brown. The hill is nominally due in three 
months after November 13th, but the law 
allows three extra days, called Days of Grace ; 
so that it legally falls due, or ” matures,” on 
February 16 th. 

Brown may keep the bill till February 16th 
and then ” present ” it for payment, to Smith, 
or Smith’s banker, who w'ill pay the £2(K). 

If, however. Brown is in want of ready money 
before February 16th, he may sell the bill to a 
third person, either a banker or a Bill-broker y for 
cash. The broker is then said to have discounted 
the bill. Since the broker has still to wait a certain 
time l)eforc Smith pays the bill, he will not pay 
Brown £2(K) for it. Suppose Brown gets the 
bill discounted on December 5th at 5 |)er cent.” 
Then, the numlw of days before the bill falls 
due is 26 -f 31 I 16 - 73 days. The broker, 
therefore, calculates the interest on £200 for 
73 days at 5 per cent., and deducts that amount 
(£2) from the Face Value (£200) of the bill. 
He tliuB pays Brown £198 for the bill. 

The amount which the broker deducts from 
the fac^e value is called Commercial^ or Banker s. 
Discount. We see, then, that the problem of 
hnding the Banker's Discount is the same as 
that of hnding the Simple Interest on the face 
value, for a given time, at a given rate (Art. 121). 

180. The ordinary form of Promissory Note 
is as follows : 

Leeds, 

13th November, 1905. 

Three months after date I promise to pay to 
Mr. James Brown, or order, the sum of £200, 
value received. 


John Smith. 

It should be noticed that in the case of a Bill 
of Exchange the document is written by the 
creditor, wdiile a promissory note is wrritten by 
the debtor. 


181. Since, 

Amount (t.e.. Face Value) — Present Worth 
-f True Discount, it follows that 
Interest on Face Value = Interest on Present 
Worth -f Interest on True Discount ; that is. 
Banker’s Discount - True Discount f Interest 
on True Discount. 
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The difference between the Banker’s Discount 
and the True Discount is, therefore, the interest 
on the True Discount. 

Example. The difference between the Ban- 
ker’s and the True Discount on a certain bill due 
in 2 years at 5 per cent, simple interest is 
£1 13s. Find the Amount of the bill. 

We know that £1 13s. is the simple interest 
on the True Discount for 2 years at 5 per cent. 

Therefore, by the method of Art. 122, Ex. 8, 
we can find the true discount. For £10 is the 
interest on £100 for 2 years at 5 per cent. 
Hence, 

£J0 : £1 138. : : £100 : True Discount. 

True discount = £16 lOs. 

The Banker’s Discount is, therefore, £16 lOs. 
-f £1 138. “ £18 38., and we have now only 
to find on what principal the interest for 2 years 
at 5 per cent, amounts to £18 38. 

.*. £10 : £18 38. ;; £100 : Required Bill. 

Amount of Bill = = £181 10s. Ans. 

200 — ^ 

EXAMPLES 16 

1. Find, to the nearest penny, the Simple 
Interest on £2523 Us. 6d. for 5 years at 3^ 
per cent. 

2. At what rate per cent. Simple Interest, 
will £875 amount to £980 in 3 years ? 

8. The simple interest on a certain sum for 
8 years at per cent, is £183 38. Find the 
Sum. 

4 . In what time will money double itself at 
4 per cent. Simple Interest ? 

6 . Find, to the nearest penny, the Amount of 
£1420 in 3 years at 6 per cent. Compound 
Interest. 

6 . Find, to the nearest penny, the Compound 
Interest on £58 48. 7d. for 2 years at 4 per cept., 
the interest l)eing payable half-yearly. 

7. Find the F?*eBent Worth of £231 Is. 10 Jd. 
due in 2 J years at 3J j)er cent, simple interest. 

8. Find the True Discount on £1447 Os. 7Ad. 
due in 3 years at 5 per cent. Compound Interest. 

9. A bill duo in 3 years is discounted at 
4 per cent. The difference Iwtween the True 
Discount and the Commercial Discount is 10 
guineas. Find the Amount of the bill. 

10. A bill of £400 drawm on December 4th 
at 8 months is discounted by a banker on 
March 14 th, the rate of discount being 5 per 
cent. How much will the holder of the bill 
receive ? 

Answers to Arithmetic 

Examples 14 

1. The second man’s stride is 32 in. Since 
his stride is longer than that of the first man, 
he will take few^er steps in going the same 
distance. Hence, 32 : 30 .* ’ 3120 steps ; An?. 

Reqd. number of steps = 2925 A oa. 

2. When the reinforcement arrives there are 
provisions for 137 - 50 = 87 days. The number 
of men is now 5000 4- 800 — 5800. Hence, 
5800 : 5000 1 1 87 days : Required time. 
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/. Required time = ~ 

8. After 36 days there are 48-36- 12 days 
left, in which time the same amount of work 
has to be done as was done by 20 men in 36 
day^. The number of men required to do this 
is found from the proportion 12 : 36 ; ! 20 men : 
Required Number. WTienoe, Required Number 
of men = 60. The contractor must, therefore, 
engage 60 - 20 f 40 extra men Ans. 

4 . Candles at 8 to the lb. will burn a shorter 
time than those at 6 to the lb. Hence 8 : 6 
; ; 6 hours : Ans. Which gives Required Time 
= 4^ hours Ans. 

6. I of the women are unmarried, i.e,, 
24 = of the women. Total numl)er of 
women =: § of 24 = 60. Now, number of men : 
number of women ; ; 3 : 4. Hence, number of 
men = J of 60 = 45. But 5 men in every 9 
are married. .'. Number of married men 
f, of 45 - 25 Ans. 

6 . At first f of the cask is w'atcr. At the 
finish J of the cask is wine. Tlurefore, when 
16 gallons of the mixture was taken out, it left 
as much wine as there w'os water to begin with. 
But 16 gallons of the mixture contains J of 
16 gallons — 10 gallons of wine. Hence, there 
were 10 gallons more wine than water to begin 
with. Now 8 gallons of mixture contains 5 wine 
and 3 water, t.e., there are 2 gallons more wine 
than water in every 8 gallons of mixture. There- 
fore, there are 10 gallons more w ine than water 
in 5 X 8—40 gallons of mixture. The cask, 
therefore, held 40 gallons Ans. 

7. Statement is 


5 ; 72 \ 

£2 5s. : 28. 6d./ 


15 miles : Ans, 

Whence, Ans. -- 12 miles. 


J. 4 men do as much as 8 women. .*. 1 man 
^ 2 women. Hence, 2 men and 3 women — 7 
women. We then have the statement 


7 women : 8 w’omen j 
5 ac. : 8 ac. . ; ; 3J days ; Ans. 

12 hr. : 10 hr. j Whence, Ans. - 5^ days. 

9. Calling the boys A, B, C, D, we have 
A’s 4 pages — B's 5 pages 
B’s 6 „ - C’s 7 „ 

C’s 3 „ - D’s 2 „ 

Reqd. D’s = A’s 18 „ 

Hence, 


Ans. 


5 X 7 X 2 X 18 


“ 17^ pages. 


4x6x3 

10. As in Art. 112, Ex. 2, we have 


As 100 = B’s 99 

B> 120 - C’s 118f 

Reqd. C’s =- A’s 1760 

Therefore, while A goes 1 mile, C goes 
99x1181x 1760 , , 

— iooflgo— yd.= 1724iyd. 


Therefore, A beats C by 1760 - 1724J 


11. The values are as 2 : 3 : 4, w’hich is the 

same thing as £2 : £3 : £4. Now' £2 = 16 half- 
crowns, £3 30 fl^jrins. £4 80 shillings. 

Therefore, the numbers of the coins are as 
16 : 30 : 80. Wo have, then, to divide 126 
coins proportionate.ly to 16, 30, 80. But 
16 + 30 + 80 ~ 126. Hence, the heap contains 
SO^shilfincs^A^^ 

12. Tne statement is 

55 yd. : 120 yd, ^ 

20 ft. : 25 ft. 

5 ft. : 4 ft. I 100 men : An.s. 

12 hr. : 11 hr. | Whence, 160 men A 

5 days : 4 days J — — — — 


Examples 15 

1. To lose 5 jxT cent, he must sell for 95 |x*r 
cent, of cost. To gain 7 per cent., ho must 
sell for 107 pt*r cent, of cost. .*. 95 : 107 
.* .* £247 : Re(juired Price. Hence, he must st‘ll 
for 247 X 107 -i- 95 - £278 48. Ans. 


2. He buys equal nuinlKTS at the two rates, 
and sells 5 for 3d. Take, then, the L.C’.M. of 
2, 3, and 5, i.p., 30. Now 30 at 2 a Id. cost 
15d., and 30 at 3 for 2d. cost 20d. The total 
cost is 35d. He sells the w'hole 60 at 5 for 3d., 
t.c., for 36d. He thus gains Id. on an outlay 
of 35d. His gain is of UK) ~ 2'i Jns. 

8. 98. 7d. -9s. 2d., i.r., 5d., is 4 per cent, of 
the cost, or of the cost. .’. (’ost 25 x 5d. 
— 125d. Hence, by selling at 9s. 7d., he loses 
lOd. His loss per cent, is of UK) 8 per 
cent. And, therefore, by selling at 9s. 2d. he 
loses 8 4 - 4 ~ 12 per cent. 

4. 750 eggs at 15 a shilling cost 750 -h 15 - 50s. 
He loses 2 pf*r cent, of this, t.e.. he loses Is. 
But the numlier of eggs he lost w’as 13. Hence, 
he sold 13 eggs for Is. 

5. 24 lb. of tea at Is. lOd. cost £2 48. ; 8 lb. 
at 28. lOd. cost £l 28. 8d. The total cost of 
32 lb. of Urn is, therefore, £3 6s. 8d. To gain 
10 per cent, he must sell the 32 lb. for of 
£3 6s. 8d. Hence, the sidling price per lb. 


11 X £3 Of. 8d. 
10 X 32 


2s. 3 Ad. Ans. 


6. As in Art. 119, Ex. 6, if he buys 5 per 
cent, cheaper and sells to gain 4 j)er cent, he 
sells for X }(i/, of actual cost ^ of actual 
cost. But he really sells to gain 10 per cent., 
f.e., for \l, of cost. Therefore, £168 is {\l~ HJ/,) 
of cost. Whence, cost ~ £15(K), so that to gain 
10 per cent, he must sell for £1650 Ans. 

7. Marked price - 20 per cent, above cost 

= g of cost. Selling price - of marked 

HM) 

price = of J of cost = of cost. He 
gains 1 1 per cent. 

8. He sells one house for H of cost. Cost 
= of £990 = £900. Ho sells the other for of 
cost. . ' . Cost — \P of £990 - £ 1 1 (K). .-.Ho bought 
the two for £2000, and sold them for £1980. 

He loses £20. 


Continued 
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OUTLINES OF EDUCATIONAL TOURS ABROAD 

A Brief Guide ta all Places of Interest in the Leading Towns 
of Spain and Portugal. Where to Go and What to Sse 


By J. A, HAMMERTON and WILLIAM DURBAN. B.A. 


SPAIN 

What traveller would willingly miss the land 
of the hidalgo, of the Cid, of Don Quixote, of 
the noblest age of the Mauresque civilisation, 
of fairy-like architecture, of pristine chivalry, 
of glorious sunshine, and of s<^mi- tropical 
fruitfulness ? Fallen from its mediaeval great- 
ness though it is, Spain ^ully retains the gorgeous 
colouring of its unique romance, and its multi- 
tudinous and varied attractions of scenery, 
architecture, archaeology, and jwpular custom 
offer endless inUerest to the visitor. Spain 
has been comparatively neglected by English 
tourists, but during the last few years the tide 
of patronage has set steadily in this direction. 
It 18 easy to acquire a sufficient knowledge of 
the Ix^autiful and sonorous Castilian language 
for the purpose of a visit, and the country lies 
within easy aectniH of our shores, whether over- 
land through France or by direct sea passage. 
Tlu? p(Hjple are among the most courteous 
on earth, and are abundantly solicitous of the 
comfort of tiiose w'ho wish to make any sojourn 
among them. 

The traveller in th(^ ordinary way reaches 
Biarritz by way of Paris, and from Biarritz 
prooetids over the Pyrenees to Burgos. 

A WeeK in Spain. So short a stay will 
Iw fully occupied by visiting Madrid, Toledo, 
and Cadiz, these l>eing the liest points to select 
for so brief a jHiriod. The tourist who cannot 
afford a longer holiday will gain a gratifying 
glimpse of the country and the people, and will 
learn something of the national spirit. 

A Fortnight in Spain. Even this is 
all too short, but it will lx? filled with enjoyment, 
and will afford op|x)rtunitio 8 of visiting a number 
of the most famous cities. 

First Dav. Few places are more interesting than 
Burgos, a wonderfully beautiful old-time city, the 
birthplace of Spain’s national champion, the Cid. 
The inagnilicent Cathedral, in certain respects un- 
rivalled in the world. Its fourteen chapels. Each of 
these is in reality a fine church. The crucero, or 
lantern, is the gem of the whole structure, Philipll. 
said it was built by angels rather tlian men. The 
transept, full of marvellously delicate sculpture. 
The Iwautiful High Altar. The splendid choir, in 
two tiers, with walnut stalls. The Town Hall, in 
which is the body of the Cid. The Castle, where the 
Cid was inarried. Carriage driv'e to the famous 
Monasteries of Las Huelgas and Miraflores, 

Second Day. That marvellous edifice, 25 miles 
K.W, of Madrid, El Escorial, is reckoned by 
Spaniards as the eighth wonder of the world. It has 
been aptly desoribed as “a mountain of granite shaped 
into a palace, a church, a convent, and a mausoleum.*’ 

It is the levdathan of architecture. It is the mammoth 
tomb of the kings and queens of Spain, is constructed 
of solid granite, was erected by Philip in com- 
memoration of the Battle of St. Quentin, and took 
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twenty years in building. The Panteon, or Roya’ 
family tomb. All of marble and jasper. Sixty 
bodies of Royalties lie here. The Convent. Many 
pictures and statues. The rich and beautiful 
Library. The splendid Palace, with its magnificent 
towers. The grand Church, with sumptuous chapels 
and altars, and the richest reliquary in Spain. 

Third Day. The most elevated of all European 
capitals is Madrid. The first day to be spent in a 
survey of the many beautiful, spacious squares, all 
finely adorned with trees, and of the wide streets and 
interesting shops. It is a city of flowers. The fruit 
markets are marvellous at the right season. The 
Plaza Mayor and Plaza del Oriente are centres of the 
busiest and must fascinating life. 

Fourth Day. The second day at Madrid. The 
Museo. Here is that picture gallery which is the 
envy of every otlier city in Europe. A collection of 
splendid gems of pictorial art. No fewer than forty- 
six Murillos, including the world-famed “ Con- 
ception ’* ; sixty-four Velasquezes, including the 
great eijuestrian portrait of Philip IV. : ten Raphaels, 
including the “ Holy Family,” called ” La Perla,” 
because Philip IV., on beholding it, exclaimed, 

” This 18 tlie pearl of iriy pictures ” ; with numerous 
works of Titian, Ribera, Teniers, Van Dyck, Tin- 
toretto, Veronese,! Claude, etc., etc. The Royal 
Armoury contains an unrivalled collection of weapons 
of all ages, together M ith the armed effigies of kings, 
eniporors, and generals in suits of armour the most 
resplendent ever manufactured. 

Fifth Day. A third day would be spent at 
Madrid. The Royal Palace, one t>f the grandest in 
Europe. ’I'lie Grand Patio, or Square, and the 
thirty saloons, magnificently furnished, on the first 
floor. The beautiful garden. The Church of San 
Francinro, with historic tombs and curious pictures. 
The Church of Atocha, with venerated miraculous 
images. 

Sixth Day. Toledo is grandly situated on a 
high rock by the Tagus, which almost circumvents 
the city. The whole town is a museum of the 
majestic and romantic )>ast, specially rich in 
Mauresque edifices. The wonderful Cathedral, the 
finest in Spain next to that of Seville. The famous 
fayade, with relievo of the Last Supper, containing 
sixty full-sized statues. The portals are also cele- 
brated for their exquisite ornamental ion in stone. 
The noble tower, 329 ft. high. The five naves, the 
750 stained windows, the Royal tombs, the chapels 
round the church, and the lovely cloisters, all make a 
memorable spectacle. The beautiful Gothic pile 
known as the Church of San Juan de. los Reyes. The 
famous Alcazar of Charles P., an immense ruin of 
golden red colour. 

Seventh Day. A city of which, any nation 
mi^ht be proud is Seville, the delight of every 
visitor, beautifully situated on the banks of the 
Guadalquivir, full of wonderful architectural relics 
of the Moorish period. The famous Cathedral, one 
of the most sublime ecclesiastical creations in the 
world. Its Giralda Tower is a gem of Saracenic 
construction, of loveliest rose tint. The stained 
windows, ninety-three in number. The Court of 
Oranges. The nine d lora of entrance to the 
Cathraral are sumptuous portals. The pavement of 
black and white marble cost £30,000. Seven naves 
of imposing perspective and immense height. The 
enchanting view from the summit of the Giralda. 


Exohtb Dav. Two days are necessary to give 
any idea of Seville. The glorious Aleaaar^ or House 
of Cesar, an ancient Moorish palace. Matchless 
internal decoration in arabesques. This is, next to 
the Alhambra at Oranada, the most precious and 
perfect Moorish monument in Spain. The loveliest 
portion is the Patio, 'nith marble pavement, foimtain, 
and trefoiled arcades, which are considered marvels 
of grace and lightness. The ^lace callcKl the Casa 
de Pilatus, belonging to the Duke of Medina Celi, 
built as an imitation of the house of Pontius Pilate 
at Jerusalepa. It contains a noble Patio. The 
Oolden Tower on the bank of the river ; formerly a 
fortress. Delightful hours are to be spent in survey, 
ing the streets and squares of this fascinating city. 
The famous Tobacco Factory, with thousands of 
girls at work, should be seen. * 

Ninth Day. Roach Cadiz. The Biblical 
Tarshish. One of the world’s most venerable cities, 
yet a delightful modern town full of fascination for 
the visitor. On a peninsula, joined only by a narrow 
causew^ay to the mainland. A place of brilliant 
colour, W'ith shining white walls, long rows of elegant 
houses, glass and gilt balconied iniradores. The 
granite ramparts and spacious terraces afford 
delightful promenades. La Ttc/a, or C)ld Cathedral, 
with thirteen chapels. The Cathedral of Santa Cruc, 
or New Cathedral, imposing in style, and richly 
ornamented with precious marbles and jasper. 
fyOfi CapurhinoSy an old convent, with renowned 
picture gallery containing gems of art, including 
Murillo’s lost work, the famous “ Marrjage of St. 
Catherine.” The shops of Cadiz are specially 
attractive, for the city is famous for fans, ladies* 
shoes, gloves, and guitars. 

Tenth Day. Gibkaltar. The Lower Fortifica- 
tionSf the Hook Galleries, the Signal Tower, the Cave 
of Si, Miehael, and the Alameda, or fashionable and 
charming promenade, called the ” Pride of Gibraltar,” 
laid out in English style, abounding in geraniums 
and bowers, and commanding exquisite views of the 
Straits and the African coast. The towTi has 
quaint and curious winding, narrow streets. 

I'leventh Day. We come now to Granada. 
The wonder-city of Spain. A place of fountains ami 
rippling streams, situated on one of the loveliest 
plains in the world. It stands on four hills, divided 
Hitfnewdiat like a pomegranate, and rises to the 
height of 2,24& ft. above the sea-level. The snow'- 
clad mountains of the Sierra Nevada range adorn 
the prospect. The city extends in an amphitheatre 
round the river bank, and is crowned by the incom- 
parable Alhambra, the supreme gem of Moorish 
architecture. The gardens and W'oods round this 
building are exquisitely beautiful, and are the haunt 
of countless nightingales. The Hall of AmbaHsodors, 
the Court of Lions, the Lion Fountain, and the 
various other halls, courts, corridors, apartments, 
and fountains make up a bew'ildering scene of 
indescribable enchantment. The noble Cathedral, 
with five naves, dome of white and gold inside, the 
fine marble pavement, and lovely chapels, l^a 
Cartuja, a famous monastery and church, just outside 
the town, with magnificent frescoes. 

Twelfth Day. Cobdova. Exquisitely situated 
on the Guadalquivir. Famous for its superb 
Cathedral, formerly a grandiose mosque. The most 
perfect specimen extant, or ever erected, of Moorish 
architecture. The beautiful Patio, called the Court 
of Oranges. The Hall of Thousand Pillars, forming 
nineteen spacious naves. The unrivalltRi mosaics. 

Thirteenth Day. Barcelona. The fine Cathe. 
dral, the Rambla Promenade, and the Bull -ring. 
Fottbteenth Day. Back to Madrid, 

Travel and Food. Railway travelling 
in Spain is now perfectly comfortable, and hotel 
accommodation m the cities is greatly improved. 
Tlie food is excellent. Bull b^f is the staple 
meat. Fruit is abundant and unsurpass^. 


TtlAVti 

Grapes, oranges, melons are of the most mamii- 
fioent varieties. Eggs fried in oil or ma£ed 
with tomatoes are everyn^here offered. Water 
is scarce. Beggars are numerous and insolent. 
The amusements are the universal guitar-playing, 
the wonderful dancing of both sexes, and the 
brutal bull' fights. 

If the tourist wishes to spend three weeks or a 
month in Spain he may make extensions to Carta- 
gena, Pampeluna, Zaragossa, Boadilla, Malaga, 
La Roda, Utrere, Irun, Xeres, Algecir, etc. 

Expanse. The cost of a circular trip such 
as we have described above, occupying a fort- 
night, should not be more for steamer and 
railway tickets than £25 first class, or £20 second 
class. About 12a. a day should he reckoned 
for hotel exjxmses and extras. 

Treatises on travel in Spain are very numerous, 
and afford delightful and useful n^ading for the 
intending tourist. We may commend Mrs. 
Ramsay’s “Summer in Spain,” Peml)erton’s 
“ Winter Tour.” Rose's “ Among Spanish 
People,” Workman’s “ Awhei‘1 in Tlx'ria,” 
Jacacci’s “ On the Trail of Don Quixote,” 
Lawson’s “ Spain of To-dny.” Hand’s “ Wander- 
ings,” Lomas’s “ Sketches,” Hay’s “ Castilian 
Days,” Elliott’s “ Idle Woman in Spain.” 
Robert's “ Autumn Tour in Spain,'’ 'niom- 
bury's “ Life in Spain,” (Jadow's “ In Northern 
Spain,” Wood’s “ Romance of Spain,” Mct’lin- 
tock’s “ Holidays in Spain,” vSt. HarlH*'s “ In 
Modem Spain,” Gallenga's “ Iberian Remains,” 
Luffman’s “ Vagabond in Spain,” Main’s “ (’itk« 
and Sights of Spain,” (’rocket’s “ An .Adven- 
turer in Spain,” and Bart Kennedy’s “ A Tramp 
in Spain.’’ 

PORTUGAL 

It may almost be reckoned that Portugal 
as a holiday region for British tourists has been 
“ discovered ” by King Edward through his 
visits in recent years. Comparatively few in 
this country were formerly aw'are how lovely 
is the wesUirn section of the Hierian Pcminsula. 
It is a land of fruit and flowers all through the 
year. Here the orange and the lemon, the almond 
and the walnut, the olive and the loqiiat, the 
prune and the cherry, the yxioch and the grajM? 
reach their highest perfection, llie humblest 
cottages arc embowered in roses, and flowers that 
ani nurscxl os exotics in northern climes are in 
Portugal os plentiful as weeds. This delightful 
little country is the California of Europe. The 
celebrated harlx)ur of Lisbon is acknowledged 
by Americans to surptiSH the Golden Gate of 
San Francisco. The’ people are a self-respecting, 
interesting race, proud of their home and con- 
tented with it. 

Portugal is so easily accessible that it is almost 
as convenient to visit as France, Holland, or 
Belgium. Of course, the direct route is by sea 
to Lisbon, which is the natural door into the 
country. 

A WeeK in Portugal. This is sufficient for 
a survey of Lisbon, Cintra, Belem, and Oporto. 
The majority of visitors confine their attention to 
these points, and either pass on to Madrid or pro- 
ceed round the Peninsula to the Mediterranean. 
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A Fortnight in Portugal . Two weelu 
allow opfiortunity for a glorious round in one 
of the world’s historic districts, full of the 
most romantic assocnaiions, and of the utmost 
Ixjauty. 

First Day. Lisbon is a marvellous capital for a 
tiny nation, urul is built on scvon hills^ in tc^rracos 
rising one above the other. The Tagus is here broad 
and inajcHtic. The city is said to have been founded 
by I'lysHCH, and originally called UlysHi]>i. (irand 
squares, with fine trees, lovely flowers, and marble 
fountMUis, The most curious of these of>en spaces is 
the J*raz(i (Inm Pedrn, nii'knarnod “ Hulling Wave 
Hipiare ” from the fantastic arrangoinont of its 
tesselated jiavement. The Iniautilul (iarden of 
St. Pedro dt Alcantara. 

Hkcono Day. Tlie Cathedral at Lisbon is an 
ancient and massive (Gothic edifice, W'hich wnthstooil 
the great earthquake, the (^hajiel of Kt. Vincent 
being one of Lisbon’s chief ocirlesiastical ornaments. 
'I’he ('hurrh of St. Jtoyue, wutli the faiiKius Chanel 
of Kt. .lohii the Baptist. The decorations of tins 
(dtapel are w’onderfully elaborate, being encrusted 
with mosaics of Haiian masters, lapis laKuli, and 
costly marl'.les (»rnaTnented with gold and amethysts. 
The Estrella Churchy a beautiful miniature of St, 
Peter’s at Horne. The [irospect from its dome w 
magnificent. 

Third Day. Four days may be devoted to 
Lisbon. On the third visit the Gallery of Fine 
ArUt^ the Muneumt the Pant «tm, the ArttUcry 
\luMeum--a\\ these iiistitutioiis contain fine old 
collections of national relics from the days of Portu- 
guese greatness. The A queduct^ a splend id engineering 
construction bringing water from springs nine miles 
distant. 

Fourth Day. Btill at LislKui, the fourth day 
would be given to visiting Belkm, a famous and 
beautiful suburb of Lisbon, named after the 
wonderful Hieronymite Church m its midst, founded 
by Vasco di Oama as a thank-offering after his safe 
return from the Fiast Indies. The cloisters are of 
the utmost beauty. Here are tlie tombs of Di 
Uatna, (’amoeiis, and Catherine of Braganza. The 
Hoyal Palaces of Lisbon — the Nocessidades and 
the Ajuda. The splendid (lothic monasteries of 
Hatalha and ,4fc(>6ara, in the suburbs of the capital. 

FirTH Day. Visit (!intra. Byron termed this 
famous Castle “ a blessed Kden,” and Southey 
described it. as “ the most blessed spot in the habit- 
able world.” Situated on a grand rock, it was once 
the Alliamhra of the Moorish kings. Chapel, with 
lovely transparent alabaster work. The Castle of 
Montserrat, on another peak near by, wdth exquisite 
gardens. 

Sixth Day. Across the wide Tagus is Setubal, 
an important port, (jraiid harbour ; fine quays ; 
live massive forts. The environs arc crowdetl with 
beautiful groves of orange, lemon, and olive trees. 
The place is full of natural charm. 

Seventh Day. Evora. This city is generally 
considered the most beautifully situated in the 
whole country, and it is one of the most interesting. 
The ruins ol the walls and forts are astonishing. 
In the immense Gothic Cathedral are fine pictures 
by Oran Vasco ; also a famous Library. 

Eighth Day*. Faro. A beautiful and wealthy 
episcopal city, famous for historic associations and 
for its splendid old Moorish walla. In the noble bay 
are three charming islands. . Lo\’ely environs, 
thickly })lant(>d with orange and fig trees and 
splendid cork oaks, (ilreat hshories. 

Ninth Day*. Spend this at Beja. Wonderful 
iortific4itions, with forty towers ; massive old CastU ; 
line Cathedral. Extensive leather and earthenware 
factories, A characteristic Portuguese town. 


Tenth Day. Coimbra, on the Mondego, is by 
many reckoncal the most interesting city in the 
land. The towm stands on a conical hill in a superb 
situation. Its aspect from every side is exceedingly 
Iieautiful, and the whole city is picturesque and 
attractive. The neighbourhood abounds in charming 
scenery, and is fascinating for excursionists. At 
least two days should be sjient here. 

Eleventh Day. During the second day in this 
old Gothic city further details are to Iw studied. The 
fine Aqueduct of twenty-one arches. Portugal’s 
only University is here. Attached to it is the lovely 
liotamc (Jarden. The nolile Cathedral. The hand- 
some churches of Santa Clara and Santa Cruz. 

Twelfth Day. Oporto. Portugal’s great coin- 
mercial emporium. Its buildings, erected in tier 
after' tier, ]iresent a magnificent picture. The 
rcmnantH of the ancient walls. The fine business 
streets are intensely interesting. The Pua Nova dos 
Inglezcs IS a splendid thorf>ughfare. The Pua Nova 
de S. Jnao, with lofty houses and gu*»y painted and 
gilt balconies. 

Thirteenth Day. Second day in Oporto. 
Walk in the various grand squares, for which Oporto 
IS fanuius. 'i'he grandest is the Praca de S. Ovidn, 
on a hill, giving a magnifitent sea view. The 
English Factory House, of white granite, with beauti- 
ful facade. Tlie Convent da Serra, perclied on a high 
rock. 7'he fine t>ld Cathedral. Tlie Torre de Clerigos, 
the highest tow-er m the country. 

Fourte(?nth Day*. Back to Lisbon. 

Travel and Food, Travel in Portugal 
is constantly interesting. The courteous, 
frugal, and industrious inhabitants have a 
fascination of their own. The atmosphere, 
laden with Atlantic ozone, is uniformly bracing. 
The enchanting climate, the radiant sunshine, 
the brilliant moonlight nights, and the 
semi-tropical vegetation impress the visitor 
with a sense of indefinable charm. The bull- 
fights, so repulsive in Spain, are mild and harm- 
less here. It is a land of domestic comfort. 
Every description of food is exceedingly cheap, 
and rent is lower, perhaps, than anywhere eke 
in Europe. Europe has no finer market than 
that of Lisbon. The meat is much better than 
in Spain, and the fish is unrivalled. Now^here 
on the Continent can fruit and vegetables be 
obtained in greater abundance or of superior 
quality. Thus Portugal is peculiarly enjoyable 
as a pleasure resort. 

Fares, The sea passage to Oporto or Lisbon 
from Liverpool costs £6 first class single. The 
boats of the Booth Company run Yiv'eekly. 
There are no second or third class tickets, though 
these may be obtained from Havre, and there 
is no reduction for return ticket. 

BooKa, Those who purpose visiting Portu- 
gal should previously read some of the following 
works : Lady Jackson’s “ Fair Lusitania,” 
Leek’s “ Iberian Sketches,” Smith’s “ Spring 
Tour,” Latouche’s “ Travels in Portugal,” 
Shore’s ‘‘Three Plecisant Springs in Portugal.” 
and 0. Crawfurd’s “ Round the Calendi^ in 
Portugal.” 


Continued 
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THE RISE OF THE ROMAN EMPIRE HISTORY 

The Building of Rome. Its Early Rulers. Election of Consuls. 8 

The Patricians and the Plebeians. Rome undsr the Oligarchy fn.m 


By JUSTIN McCarthy 


^HE history of Rome belongs to a much later 
^ period of the world’s development than that 
of Egypt or of Greece. The whole Italian penin- 
sula appears to have attracted the attention 
of colonists from foreign States at a much later 
date than many other parts of EurojTe, which 
would seem to us after a glance at the map to 
be much more difficult of access than the Italian 
regions. But Italy, barricaded on all her northern 
frontier by lofty mountains, showed also too long 
a stretch of harbourless coast on either side to 
tempt the enterprise of the small and imperfectly 
constructed vessels which such early traders os the 
Phfpnicians could send out in those remote ages. 

Early History. The Roman States did 
not, even at a time when Rome was approach- 
ing the zenith of her greatness, spread over the 
whole of the Italian peninsula. Of the tribes 
which originally occupied the greater part of 
Italy, the Latins, the Sabines, and the Etruscans 
were the most numerous, the most civilised, and 
the best adapted for development and progress. 
The Latins and the Sabines appear to have been 
alike populations of native growth, although 
during the course of their history we shall find 
that they proved as hostile to each other as any 
two foreign races brought together by invasion 
and thus settled in the same country. The 
Etruscans were a people of foreign descent, and 
continued to be in almost every sense foreigners 
while they held their place upon Italian soil. 
They constituted a powerful State while Rome 
was yet obscure, and if they could' only have 
become united among themselves, the}'^ might 
have conquered the whole of that part of Italy 
in which Rome was to grow up. 

They were a highly artistic people, and some 
of the best monuments which tell of Rome’s 
early growth are described as bearing distinct 
evidence of Etruscan creation. The Italian 
language is declared to have been Etruscan at 
its best. The Etruscans loved the sea, and 
were at home there alike as commercial traders 
and as sea-rovers and pirates. 

The Growth of a State. The earliest 
history of Rome is merely legendary or mytho- 
logical. It is the only history we have, and it 
may perhaps be taken as representing, apart from 
its fabulous and impossible additions, the be- 
ginning and early growth of Rome into a State. 
Rome is said to have been founded by Romulus 
about 750 ye^rs before the Christian era. This 
much, at least, we may accept on the safe assump- 
tion that it is about as likely as anything else. 
Then we come to the legendary and the mytho- 
logical. Romulus and Remus are describe as 
the sons of Rhea Silvia and of Mars the war god. 
The mother of the children having been a vestal 
virgin, consecrated to a life of purity and 


celibacy, was condemned with her cliiUln'n to 
be drowned in the River TilH*r The cradle in 
which the brothers were cast into the water 
was flung ashore by chance, and thrown near to 
the den of a she-wolf, who treated tiiem as if 
they had been her own cubs, suckled them, and 
brought them up. Macaulay, in oni' of his 
“Lays of Ancient Rome,’’ makes one of his 
figures apostrophise the Roman : 

“ Thou that art sprung from the war -god's loins. 

And host tugged at the she- wolf’s breast.’’ 

The children are said to have been found by a 
shepherd, who carric'd them from the den to his 
own home, where they wxTo brought up by his 
wife. When they grew^ up, conscious, no doubt, 
of their remarkable descent, they set out to 
found a city on the bunks of the TUkt, and this 
enterprise proved fatal to one of them. Remus, 
according to some legends, quarndled with his 
brother because Romulus insisttxl that the city 
should bo called Roma, from his own name. 
Another story tells us that when the first wall 
of Rome had been built, Remus showed his 
contempt for the undertaking by leajiing over 
the wall — that wall which was meant to be 
protection against all invasion — and thus aroused 
the anger of Romulus to such a degree that he 
killed Remus on the spot. 

Building of Rome. Romulus continued 
his work as a city founder, and Romt* was built 
— not in a day, but with patience and su(!ces8 ; 
and he was accepted as the first sovereign of 
the new State. Rome soon became well peopled 
with men, but there were hardly any women 
within its walls. This obviously would never 
do. Here, again, we are given to assume that 
celestial inspiration came to the aid of Romulus, 
although it does not seem to have been the kind 
of inspiration which the ordinary mortal could 
expect from a ceh‘Htial source. Romulus made 
proclamation that a splendid scries of games and 
festivities was to lx? carried on in Rome, and 
invited the l^atins and the Sabines, his near 
neigh l>ours, to grace the sports by their presence. 

TTie invited guests thronged to the new* city 
in large numbers, and while the festival was going 
on the Roman youths, already instructed by 
their ruler, rushed in on the festal ground and 
carried off the young women. After long alterca- 
tions, this extraordinary^ capture of their women 
led the Sabines to make war on Rome. A new 
marvel was then to occur. During a long and 
desperate battle between the Romans and the 
Sabines, the captured Sabine women, who 
seemed to have become meantime completely 
reconciled to their captors, rushed upon the 
field of battle, threw themselves I»etween the 
opposing hosts, and implored their fathers and 
brothers to enter into terms of peace with their 
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Roman neighbours. To the modem reader it 
might seem as if the devotion of the Sabine 
women to their Roman captors could only 
increase the hatred of the Sabine fathers, 
brothers, and lovers for those new favourites of 
their womenkind. But the Sabine warriors 
magnanimously yielded to the prayer of the 
women ; the two armies consented to sheath 
their weapons ; the two peoples agreed upon 
terms of peace, and resolved to form themselves 
into one united State. 

Rulera of Rome. For a time, Romulus 
and the Sabine king reigned together over the 
new State, and on the death of the Sabine 
sovereign, Romulus reigned alone for nearly 
forty years. According to legend, Romulus was 
taken from this world to the realms of immor- 
tality in a fiery chariot by his father Mars. 
He afterwards appeared as a spirit to a 
Roman friend, and bade that friend boar a 
message to the Roman people, ordering them to 
pay homage to Romulus as their guardian deity, 
and to give him the name of Quirinus. There is, 
indeed, another story, having less of the miracu- 
lous, which tells us that Romulus became an 
insufferable tyrant, and that the Roman senators, 
finding his rule intolerable, put him to death 
secretly, cut up his body into small portions, 
carried the portions home with them under their 
robes, and buried them in various places, the 
betU^r to secure the secrecy of the deed. Then, 
it may have been, that some senator conceived 
the idea of the god Mars carrying the living 
Romulus up to heaven in a fiery chariot. 

After the death of Romulus the story of 
Rome’s development goes on to tell of six other 
kings of Romo. Numa Porapilius was the 
second, and his ' reign is said to have been 
one of absolute peace and prosperity, extending 
over a period of nearly forty yimrs. Numa 
was followed by Tullus Hostilius, Ancus 
Martius, Tarquinius Priscus, and Servius 
Tullius. 8orviu8 Tullius, the sixth king, dis- 
tinguished himself by endeavouring to establish 
somethii^ like an equalised constitution 
among Roman citizens. We ore told that 
ho was in favour of establishing a property 
qualification for citizenship rather than the 
qualification of birth and rank, and that by 
these proposed reforms he arouseerthe implacable 
hostility of some of the patrician order, and was 
assassinated by them, or at tlieir instigation. He 
was succeeded by Tarquinius Superbus, the 
haughty and selfi^ monarch who was destined 
to be the last of the Roman kings. Tarquinius is 
described as having some qualities of statesman- 
ship, as well as of conquest, and by wars and 
political and family alliances he maae Rome the 
chief nation of the Latin races. 

Tarquinius Superbua. He abolished 
many of the rights and privileges which had 
been conferred by his predecessor upon the 
Plebeians, for from the beginning of Roman 
history there had been that division of the 
people into two classes, the Patricians and the 
Plebeians. Some events ^^oh legend ascribes to 
the reign of Tarquinius Superbus — ** Tarquinius 
the Proud — ^have afiFordra subjeots for poetry 
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and the drama down to modem da^. Sextus, 
the son of Tarquinius, was guilty of a shameful 
outrage Lucretia, the wife of his own 

cousin. \^en he had left her in her agony and 
shame, Lucretia sent for her husband and father, 
who came with some friends, and to them she 
told the story, implored them to avenge her 
wrong, and in their presence stabbed herself to 
the heart. One of those in that horrified group 
was Lucius Junius Brutus, a nephew of the 
reigning sovereign. That sovereign had already, 
in one of his bursts of suspicion and hatred, put 
to death the elder brother of Junius Brutus, and 
Junius, in order not to be regarded as dangerous 
to the sovereign, assumed the ways and manners 
of a harmless idiot. For that reason he received 
and adopted the added name of Brutus, which 
meant an idiotic personage, Junius being bis 
family name, the name of an influential house 
among the higher Romans. 

Junius now threw off his assumed deportment 
of idiocy, swore with all the others to avenge 
Lucretia’s wrong, and put himself at the head of 
those who were determined on vengeance. 
Brutus summoned the Roman people /together, 
told them the story, and called on them to punish 
the tyrant. The whole city took up the cause, 
and pronounced for the deposition of the King, 
and for his instant banishment from Rome. 
Tarquinius fled and took refuge in Etruria. Some 
of the neighbouring kin^ and States espoused his 
cause, and marched their armies against Rome. 
Brutus, in the meantime, had been elected one 
of the two first Consuls to whom the government 
of the State, now to be formed into a Republic, 
was to be committed. 

Election of Coneula. These Consuls were 
to be supreme magistrates, having equal authority, 
and to be elected annually. Tte consular office 
appears and reappears at various times during 
succeeding ages of Roman history. Tarquimus 
had the assistance of Lars Porsena, the sovereign 
of Clusium, who proved a very powerful ally, 
and w'hose name has been made familiar to 
modem readers by many historians, poets, and 
dramatists. The famous battle of Lake Regillus 
decided the struggle in favour of the Romans. 
Tarquinius escap^ and died miserably in exile. 

A familiar story told of Brutus is that he ordered 
the execution of his own two sons because they 
were engaged in an attempt to restore Tarquinius, 
so absolute and unselfish was his devotion to the 
interests of his country. Lars Porsena proved 
so successful in his march against Rome that he 
was able to occupy a great hill outside the city, 
and would have ente^ the city itself by the 
brid^ which connected the hill with Rome, but 
for me gallant defence made by Horatius Codes. 
The story of that brave defence, whether it be a 
real event or a fabulous creation, has been told 
and re-told in many languages since the first 
consular da^ of Rome. Macaulay tells it over 
again in his ** Lays of Ancient Rome,” and 
reminds us how : 

** With weeping and with laughter. 

Oft is mis story told : 

How well Hc^tius kept the bridge 
In the brave days of old.” 
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Lars Porsena finally made peace with the 
Romans, and withdrew his forces. But the terms 
on which peace was made are variously stated. 
The Roman historians generally endeavour to 
make out that Porsena had no alternative but to 
make peace ; but the general opinion, both of the 
ancient and of the modem world, is that Porsena, 
although he did not persist in striving to occupy 
the city, held it for a while at his mercy, and 
only withdrew his troops on condition that the 
Romans should pay him a yearly tribute as a 
practical evidence of submission to conquest. 

Roman Characteriatics. Up to this 
period the story of Rome has little or nothing in 
it which is absolutely authentic — little or nothing 
which can be established by any actual record 
— while many of its incidents and events are 
utterly and obviously fabulous. But w-^e can 
get, even from the Roman story as we hav’e 
it, a very clear idea of the general charaettT 
and ways of the people it describes — the people 
who at one time Mieved in it. Modem dis- 
covery makes it certain that the foundation of a 
w’ ailed city on the Palatine Hill* was unquestion- 
ably laid in some dim early period, which might 
well correspond with the creation of the city of 
Rome. We can learn from that story, fabulous 
or not, what w’ere the characteristics which the 
early Romans admired and reverenced in their 
leaders and their hero(‘S, in their wives and 
their children, and what were the qualities 
regarded as evil and dangerous to public and 
private welfari'. We can see that the Romans 
loved and honoured courage, unselfishness, 
self-sacrifice, in men and wf)mon alike ; that 
they honoured purity in women and filial 
devotion in children ; that they admired 
literature, art, and knowhidgo ; and, even while 
far too much given up to aggression and con- 
quest, still regarded as among humanity’s 
highest qualities a sincere desire for peace. 

History and Tradition. The reports 
which reach us, in whatever form, may be taken 
to represt nt the general belief of the time, and 
thus far can be accepted as a contribution 
to history. We may assume that the general 
impression left on the mind of succeeding 
generations by those earlier princes must 
have represent^ in some degree their reigns 
and characters. Therefore, it is at least a 
reasonable assumption that tradition gives us 
in that sense a fair idea of the times, the 
great events, and the reigning sovereigns in 
Rome’s earliest history. It is not probable 
that tradition represented a man w'ho w^as a 
brutal tyrant as a wise, just, and beneficent 
sovereign, or that some man of high character 
w^ho strove to make his subjects happy was 
a Tarquinius Superbus. 

There is nothing improbable about the 
story of those e^rly rulers as it has been 
handed down to the modem world, and, in 
absence of all evidence to the contrary, we may 
accept it as generally trustworthy. 

We have already sefen that in its earlier 
days the population of the Roman State 
was mainly divided between the order of the 
Patricians and the class of the Plebeians. Such 


is the earliest condition of most races and nation- 
alities which have been able to form themselves 
into separate and distinct States. The men 
who own the land constitute the one order, 
and tlie m?n who work for them on the soil, oi 
for the supplying of their daily wants, constitute 
the other. Thus, it necessarily came to pass 
that when the last of the earlier Roman rulers 
was driven from his throne, reconstitution of 
society in Rome w’as left to the two classes, 
the Patricians and the Plebeians. The Patri- 
cians had been mainly instrumental in bringing 
the monarchy to an end, for the obvious reason 
that they w^ere better educated, had more time 
to give to the observation of alTairs outside 
their o^^^l ordinary means of living, and 
were, therefore, better qualified to form a 
iudgmont as to the merits of the system by 
which they were ruled. The Patricians gained 
most by the abolition of the kingly system, 
w'hile for the Plebeians things w^ent on after- 
wards very much as they had done before, and the 
struggle for life remained practically the same. 

Rome under the Oligarchy. All classes 
in Rome w'ere now probably agreed that the State 
and its people would be better served by (Meeting 
magistrates to rule over its affairs during a. 
certain fixed ten\irc of office, and then to bC 
succeeded by others elected on tlu^ samo 
principle. The idea of equality in eitizcmsliip 
had spread so far, even then, that the Plebeians 
were entitled to give their vf)teH and to declare 
their view's at puldic meetings. But the 
Patricians, the men of means and standing, 
alw'ays had influence enougli to keep the offices 
of State* among their ow n ord('r. The Patricians, 
therefore, gained much, and at once, hy the 
revolution in favour of a republican system, but 
for the Plebeians it brought for the time little 
or no appreciable advantage. Tlu* new con- 
ditions of the State were not by any means those 
Ixdonging to a Republic in th(^ more recent 
sense of the word. Rome w'as ruU‘d hy an 
oligarchy — that is, by a system of government 
which gave the whole control of affairs into the 
hands of a few, that f(*w being the Patricians. 
The same sort of struggle betwoen the Patricians 
and Plebeians, the landowTicrs and the lahcjurcrs, 
the rich and the poor, the privik'ged and the 
unprivileged, has bt>en part of the history of 
almost every country, but it has seldom been 
seen more distinctly marked out than in the 
early history of Rome. 

The Power of the Consuls. When 
the Tarquin monarchy had l)een brought 
to an end, the Patricians, who then had 
to frame a new constitution, resolved upon 
the appointment, by election, of two ruling 
magistrates to l>e called Consuls, who were to 
be elected annually. These Consuls were not 
required under this new constitution to consult 
and take joint action on all State questions, but 
each was allowed to act on his owm judgment 
concerning affairs coming under his immediate 
jurisdiction. The reason for this power of 
individual action was probably found in the 
assumption that sudden difficufties might arise 
in different parts of the State, that the Consuls 
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might at a critical moment be widely separated, and they now demanded that these reforms 
and that it might not be possible to wait for an should be made realities. The Patricians would 
opportunity of counsel and joint action. It not yield as yet, and the victorious legions 
was provided in the constitution that if any therefore withdrew from the city and took up 
serious difficulty of this kind should arise, or their position on a hill some miles outside, a 
if the two (Consuls could not agree on the policy hill afterwards known as Mons Sacer, or the 
to be adopted at some momentous crisis, they Sacred Mountain. The Patrician rulers found 
might appoint a Dictator, who should have that the time had come when it was no longer 
ab^lute power for six months. 'Fhe idea of possible to avoid making some concession, and 
jKjpular representation had gone far enough in they asked the legions to make known the terms 
those days to securer for the Plcheiins a vote on which they would return to the service of the 
in the election of their officers, but they were State. The demand of the Plebeians was that 
not allowed to vote for any but memla-rs of the certain magistrates should be appointed from 
Patrician order. the unprivileged orders to protect the interests 

One result of this principle of consular of the people. There was nothing for it but to 
election was that the Consuls became naturally yield to these demands. Two Plelx^ian magis- 
anxious to conciliatt^ the favour and the trates, designated I'lnbunes of the people, were 
goodwill of Iheir own chiss, and were apt to appointed, having as their function and their 
w)mew'hal indifferent towards the rights of right the protection of the interests of their 
the Plebeians, who were not allowed to choose own order. 

anyone of their own order as a rival candidate The Land Question. Th is new system w^as 
for eU'ction. ITie Patrician class gave to the adopted — had to be adopted — by the ruling class. 
Army all its ofTK^ers. The Romans had a Senate, One concession to justice and fair play naturally 
but the Senate was entirely mode uj) from the led to another, and after a while the number 
Patricuan class, and naturally gave its main of Tribunes was increased to five, and later still 

atUmtion to the interests of the Patricians. to t<m. These Tribunes became a rival ruling 

The Plebeiane Assert Themselves. }x)wer to the Patrician oligarchy and played a 
Tlie PlelKMans soon began tcj appreciate their most important part in the succeeding history 
numeri(!al strengtli, and were gradually beginning of the Republic, h'or fully two centuries this 
to feel that by union and organisation among struggle is told of in the Roman records. Every 
themselves they might be able to make some improvement in the condition of the Plebeians 
head against th<‘ domination of their masters, enabled the working classes to obtain better 
llie Patriiuans, let them do their worst, could terms for their labour and especially better terms 
no longer hold their working classes as mere with regard to the occupation and possession 
slaves, and they soon realised that they must, for of land. The land question was among the 
their own Hakes, come to UTms with the Pie lieians. Romans of those early days, as it has been at 
In the meantime, there wwe constant wars one time or another in the history of every State, 
going on with neighbouring Statics ; with the a subject of tierce dispute and agitation. Rome 
Etruscans, who got the better of the Romans was continually acquiring by conquest large 
in some battles, and at one period would seem extents of neighbouring land, and it was the 
to have attempted, if they did not actually custom among the Patricians to divide this lajid 
accomplish, the capture of Rome ; and with some among themselves, and make use of it as their 
of the neighbouring I.«atin races, who struggled owm property. There were among the Patrician 
to regain their complete independence when order some men of advanced and enlightened 
they saw the jiower of the Romans thus threat- view^s, who bravely and steadfastly advocated 
ened by the Etruscan forces. The Plebeians the rendering of full justice to the Plebeian order 
fought side by side with the Patricians in and the establishment of equal citizenship, 
these battles, but the Patrioiems filled the ranks An Attempt at Reform. At all periods, 
of the officers and the Plebeians were only such men have been seen in every Patrician 
common soldiers. The stress and misery oligarchy, just as there have been men found 
caused by these wars fell mainly on the Plebeians, among the leaders of great popular revolutions 
who were most of them either labourers or small who did their best to secure just and even 
farmers, and thus the division between the two merciful treatment for their subdued oligarchical 
classes was inevitably impressing itself more and opponents. Some of these reformers among the 
more on the Plebeians, w'os making them feel Roman Patricians endeavoured to bring about 
their position intolerable, and inspiring them with a change in the land system by proposing that 
readiness for almost any manner of revolution. the Plebeians as well as the Patricians should be 
The Tribunes. Then, for the first time in allowed a share in the public land. One of these 
Rome’s history, some sixteen years after the ex- reformers made himself thus so dreaded and 
pulsion of the Tarquins, the Plebeians formed detested among the Patricians that an absurd 
an organisation to protest against the existing charge was brought against him of endeavouring to 
system. The Roman lemons had just returned attain for himseU regal power, and on this charge 
to Rome, after a conquering campaign, when they he was tried, convicted, and put to death. Such 
received a oommana to prepare for a second misdeeds as this, committed by the holders of 
expedition. The legionary soldiers were all power, do not always give to tfiat power an ex- 
Plebeians, and at this serious crisis resolved tension of lease, and sometimes have the effect 
to act together for their common interests, of drawing public attention more suddenly and 
Reforms had for some time been promised them, sharply to the conditions of the lease itself. 
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THE PHYSICS OF FLUIDS 

Fluid Pressure. The Laws of Fluids. The Barometer. The 
Syphon. The Pump. The Hydraulic Press. Fluids in Motion 


By Dr. C. W. SALEEBY 

Fluid-Pressure. In the language of bnromeUT — that is to say. an instrument for 

physics, it must be remem l>ered that both measuring the pressure of the atmosphert*. 

liquids and gases, since they flow, art* included That, of course, is all that a baromettr diH*M ; it 

under the term of fluids. The most important tells us nothing about the weather directly, but 
instance of fluid-pressure — the most ira}K>rtant is of use in this connection merely In'cause the 

fact about fluids — is the atmospheric -pressure. state of the atmospheric pressuR* at any given 

Every one has heard the phrase, “ nature time is by far the most important factor in the 

abhors a vacuum,” but the phrase is far too determination of the weather, 
metaphorical to lead to the truth, and it was Torricelli's tul)<\ however, is a very incon- 
not until the time of Galileo that the explanation venient baronu'ter, and it is inort* convenient 
of the fact was discovered. The credit for it to have a U-shaped tuln*, constituting what is 

ind(x*d lies w'ith his famous pupil ToiTke’li. called a syphon barometer. Tliis, again, may 

It was found that water would rise about .‘10 ft. I>e easily modified so j s to give us what we call 

in a pump, but no pump could draw water from a w'eather-glass. If we place an iron ball so as 

a depth of fiO ft. Now, mercury is many times to float upon the mercury at th(‘ opim end of the 
heavier than water, and Torricelli ^ tulic, and attach a string to the ball, 

supposed that in all probability mercury 'N i nd a weight to thi‘ end of tlu^ string 

would rise in a similar way to watt‘r, ^ [[]/ by way of balancing the ball, w'c can 

but to a much less height in proportion ^ N convi'niently piuss the string over a 

to its greater weight ; and he was .* ( w1kh* 1, and to the wheel we can attach 

right. If we take a long glass tube ( ' a pf)inter ; this pointer can then bt 

closed at one end, fill it with mercury, I / madi^ to indicate such hgiaids as “ set 

and then turn it upside down in a ; fair” or “ changcabh* ” pinted on a 

v(^sc‘l containing mercury, we find that j I circular card, d'heprincipl of rorricclli 

all the mercury does not run out of the ; \ may la^ employed in a number of 

tulxi ; on the contrary, the mercury I j different forms, such as th(‘ Kew 

sinks in the tube only to such an extent j barometer, the marine barometiT, and 

that there remains in the tube a ; others which do not concern us here, 

column of mercury which is at a height / \ But we may also me isurc the fluid 

of about 30 in. above the level of the y/ pressure of the atmospherti by means 

morcury in the vessel. This is the / ^ ^ \ of another instrument which is much 

famous Torricellian experiment, which ' ^ \ less fragile, since it contains no mercury 

demonstrates the fact that the atmos- | / ] or glass. 

phere has a pressure ; for the only » I i »*/ Aneroid Barometer. The 

possible difference between the long \ A / J aneroid barometer — literally meaning 

column of mercury in the tulxj and the y a barometer that contains no liquid — 

mercury in the vessel is that the one \ |J|J simply consists of a round, flat metal 

is exposed to the atmosphere and the • |f/ j box emptiiid of air, and having a spring 

other is not. The column of mercury \ attached to it. The varying pressure 

in the tube is supported by the pressure ^ of the atmosphere causes the top and 

of the atmosphere on the mercury out- mercurial bottom of thi^ box to approximate 

side it. The space in the tube above barometer to one another in varying degrees, which 

the level of the mercury is as nearly are recorded by the spring, apd this 

a perfect vacuum as can be obtained — that is to spring moves a pointer by means of a lever, 

say, it contains scarcely any air at all. It is The aneroid is quite a conveniin little insti^ 

knowTi as a Torricellian vacuum. Only a few raent, but it has comparatively small prctensiomi 

years after the first experiment of Torricelli, to accuracy. 

the celebrated writer Blaise Pas^ml made the When a<;curacy is wanted it is necessary to 
experiment of carrying one of Torricelli’s tubes correct the readings of even the mercury 

to a great height, and found that at the top the barometer in various ways ; of these the most 

level of the mercury was considerably lower. important is the correction for tempHraturc, so 

He further found that as he came down the that a first-class barometer always has a ther- 

level of the mercury rose, and thus it was moraeter with it. It is hardly necessary to say 

plainly shown that the atmosphere possesses a that the mercury expands as the temperature 

pressure and that this pressure lessens as we rises, and unless this were allowed for, we should 

ascend in it. get the impression that the atmospheric pressure 

The Barometer (from the Greek baros^ was higher than was actually the case, 
weight, and metron, measure). The reader will The most important points in the construction 
have already seen that the Torricellian tube is a of a barometer are to make certain that the 
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mercury i* pure and abaolutely clean, and to 
boil it. By thin lawt precaution we expel all 
air and moi«ture which would otherwise tend 
to accuraulaUt in the Torricellian vacuum, and 
would thus make the reading unduly low. 

The atmospheric proasuit? is a direct rt^sult of 
the (arth’s gravitation, and is simply an ex- 
presaion of the fact that the air has weight, 
and thiiM exerris n a prmsiin* on anything that 
may be iramerHtMj in it. Tlje English “Standard 
Atm<aiphen^“ — the word atmosphere or some- 
timea ' atmo,” is now used in this fashion— is 
taken as injui valent to the weight of a ro’iimn of 
pure mercury m. high, or alsnit 14.7 Ih. to 
the square inch, lliis is taken at tin*enwieh, 
whilst the Kn*neh take their standard at Paris. 
Owing to the fa<*t that the earth is not a true 
spheri*, and thus the various pf>ints on the surface 
of the earth an* not all at the same distanee from 
fh(‘ eiirth’s eentrt*. it is neeesHary when <*xaetnesH 
IS required to state the latitude where the 
niading of the haronu’ter has lxH‘n taken. 

Effects of Atmospheric Preeeure. 
Kvery square inch of our bodies is thus con- 
stantly f'xpfWHl to a pn^Hsure of more than 
14J Ih., though we art* entirely unaware of it. 
and fool no discomfort. 'Hiis 
is essentially (fui* to the fivet 
that the prt'ssure is thesunK* 
in all dirt'etuins. It weighs 
down ujxiri our heads, hut it 
also supports us on all sides. 

This fact, that t/tf preAsurr 
of a flvid It the Mine in ail 
direc/ioHA, is not only of 
cardinal practical imtiortanre 
to all, but IS also of gn^at 
intert*st, as we shall stKiii HtH*!, 
to the siuth'nt of physics. 

A very simple exjK'rinient 
will demonstrate the fact of 
atmospheric prcMsure ujHin 
ourst'lves. There ih a simple 
little (qs'iiition known as “dry cupping. " whicli 
consists in n*moving part of the air fn>m a t4»st 
tiiU* or from a tumbler, as, for instaiiee. by 
burning something m it. and then suddenly 
clapping it down upon a jnirtion of the skin. 
In a vt*ry short time, as the hot air inside the 
vtHisel I'lKils and contracts, and thus eaust*s a 
lowering of the atmospheric nn'ssun* ufKin that 
an'a of skin as eompami with the nix'a that is 
not eoTenMi by the vi*ssel. the covenHl }>art liegms 
to Hwi'll and riw* up inU> the veas**! ; this is 
simjily due to the fac't that the tluids under the 
skin an» fortHM:l by the ndatively high prt*ssun' 
exerx'ised u[K>n all the other (larts of the laxly 
towartis the an»a which has lxH»n relieved of part 
of ita pH'SHure, 

Tlie atmix^pherie pressure is also of cardinal 
importance to us in that it is a nee^xisary con- 
dition of ability to breathe. Our lungs have no 
poii*er of delilH*ratelv helping themw'lvi's to the 
air that we netMl. The rtHjuisite air passes fnun 
the ntmosphert^ int<i Qur hlcxxl by purely 
mechanical action, due to the fact that the 
gaseous proasure in our hlo(xl— the atmospheric 
pressure, if >*ou like— is much lower than the 
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f aaeous or atmospheric pressure outside it. 

lut, as readers of the course of CHEMisrav 
have already learned, the atmosphere consists 
of a number of gases, and each of these exercises 
its own partial pressure in proportion to the 
quantity of it that is contained in the atmosphere. 
Thus, w'hile the partial pressure of the oxygen 
in the atmosphere is higher than that of the 
oxygen of our blood, and thus causes the 
oxygen in the air to pass into the blood, the 
partial pressure of the car lion ic acid in the 
atmosphere, on the other hand, is less than 
that of the carlxmic acid in the blood, and thus 
the carbonic acid passes from the blood out- 
wards to the atmosphere. 

Applications of Atmospheric Pres- 
sure. The W’ays in wliich the atmospheric 
pressure may be utilised arc very numerous, and 
the most imjiortant of them were* employed long 
Ix'fore they could lx* explaimxl. A familiar 
instance is tie* Ixiy's sucker, a bit of soft, moist 
leather, with a string attachefi to its middle 
jx»int. It is the atmospheric pressure that 
enabh*s tht* c*dge of the sueki r to adhere to a 
smooth stone or other ohjex t. which can thus lx* 
pickc*d up. Another familiar illustration of the 
lu'lion of atmosphiTic pr(*s- 
sim* is shown in the trick of 
turning Ufwide dowm a tum- 
bler full of water covered 
with a card without the 
wah'r running out. The 
explanation of this is plainly 
that the weight of the water 
u|x>n the inn(*r surface of 
the card is eount<‘rbalanc*ed 
by the weight or pr(‘ssuit* 
of the atmosphen* on its 
outer surface. 

The Syphon. If we 
take a I’^-shajxHi tulx* ahd 
fill it with wat<*r. and then 
immerHe one end of it in a 
vesHt'l of water, having the other end of it Ix'low 
the level of the water in the vessc*!, the water 
w«ll Ix' drawn fnmi the vessc*! and runs out of 
the lower end. This simple apparatus is calk'd 
(he siphon. The explanation of this action 
is very simple. The water in the second 
half of the tuU*. which is turned downwards, 
naturally t<*nds to nin out : hut if the water 
which is at the Ix'nd of the tulx* did not 
follow’ then* would lx* a va<‘iium fomicxl there, 
and so the atmospheric pn*asure forces Uie 
water in the veawl up flu* first part of the 
tube. If. however, the height of the bend were 
greater than the distance to which the atmo- 
spheric pressure can fon*e a column of water, the 
syphon would not work. That distanee. as we 
saw at the beginning of this section, is about 
30 ft. This can he proved if, instead of water, 
we employ raereurv in the s^qfihon. and then put 
it under an air pump. When the air is pumped 
out and the prt*«8ure thu.s reduced, the men'urv 
(MVises to flow’ through the syphon. 

The student of practical chemistry is familiar 
with a little glass tube, sometimes graduated, 
which is calM a pipette. The straw’ through 
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which one sucks lemonade is really a pipette. (3) Hie weight of the Huid Inking neglected. 
When by sucking one end of the tubi? we remove the fluid- pressure is the same at all points in a 
the atmospheric pressure upon that end, and fluid mass. 

allow it to act exclusively upon the lower end, it The First Law. The Hrst of thoKc laws 
forces the liquid up into the tube. If, then, we defK'nds really upon (»ur detiniliun of u jK’rfect 
put a finger upon the top of the tube or clo«<' fluid. Hv a jK*rftH‘t fluid we mean one which 

the top of the straw with the tongue, w'e are able is |)erft»ctly inohih* — tliat is to say, one which is 

to hold the liquid in the tube, just as the mercury incapable of exercising luiv oblique prc.s.surt* 

is held in a barometer. Tlie principle of the upon a surfac<*. Such ohliijuc pn^Ksurc would 

little s^Tinge with which one prepar€*s to fill a l>e due to the action of friction, and if the fluid 

fountain f)en, or of the sujwrior syringe which l)e jicrfectly mobile then* cun U* no friction to 

has a piston, is exactly the same. Remerabt'r act. 

that the atmospheric pressure has a limit, or. Another way of putting this is tliat a |K'rf»'ct 
as someone has remarkwl, by way of ridiculing fluid ofTers no n*sistance to shearing Htress. It 
the old-fashioned way of talking, ^ must he n*memlx*red, how(*ver, that 

"there is a limit to nature’s abhor- we cannot cx|)erimcnt witli jwrfcct 

n-nce of a vacuum.” You ('ould not wrmr ^ fluids in j)nu*tice. Tlie fluids wc know' 

draw up 4(» ft. of water in a syringe. llplM ^ are not |M*rfect in this sense; they 

The Pump. Tlie pump is really |i|| |;[|j ^ have a certain amount of viscosity -or 

a sj>ecial kind of syringe. As far as j^|;| |jj|l ^ “ oilincss,” to use a popular ex pressiun 

its principle is concerned, it is nothing % and thus otTt*r a c(>nsid(*rahlc rt'sist' 

mon* W <* require only soim* niwhani- ■! Mr i''! \ «*tcc to ohjrfts passing through them 

cal arrangement so that the water |i' 1 j!|jj || ] - a n^sistaiici* which is more than tin* 

which is raimnl by the atmos])hcric ylji | J n*8ult of fluid iircsHure as such, but 

pressure, when the piston ascends, partakt's of the nalun* of friction, 

shall Is* discharged at the point sYriiov j he resistance of the air luis already 

required when the jiiston dt'seends. been spokt'n of in dealing with Iht' 

For this purpow* we must have a couple of first law t>f motion ; such n*siHtanc<* is not the 
valves both o[M*ning upwards, one in the piston, result of fluid-jircssurc at all. hut of the fat't 
and the other at the botUuu of the cylinder that the air is not a })erf<*ct fluid in the sense 

which contains the water; and thus when the wc have defined. Still lt‘SH is water a |M*rfcct 

piston g(K‘s down, the water passi-s through the fluid, though the amount of resistance which it 

Milvc in the pisteii and csca|K*s by the spout. offers to the surfaces of a knife passed through 

The force pump approx irnate.s more clortcly to it edge foremost is certainly very slight ; hut if 

the Hvnngc, for in this case the plunger is H(»lid wi* arc to reach tht* true laws of fluids wt* must 

and the only difference betw'(*cn the twnisthat, exclude the action of friction, and so we must 

whereas the fluid (‘scajH*s from the syringe by conceive of a jicrfect fluid wbic'h ofh'rs no 

the same o[K*ning us that by which it cnt<*rcd, resistance to imy body, save the rcsistaiu’c 

the force pump has a valve at the bottom of which is exerted strictly at right angles to the 

the cylinder <»[M*ning upwards and an escajx* surfiu’c of that Ixnly, and which is a rt'sult, not 

pijH* at the same level. Aa instance of the of iU physical condition, but of fluid pressure, 

combination of the two methods is furnished The Second Law of Hydrostatics, 

by the hn*athing arrangement of the frog, @ The law of the equality of flu id -press lire in 

which consists of a combination of a suction ^ all directions was discovered by the Fn*neh 

pump and a fijree pump. Th<* first part of the ' philosopher Blaise Pascal, and is soinetimes 

act of breathing consists in sucking air into i known os Pasears principle. It may he 

the mouth, for which purpose the floor of the , reached in two ways a very conclusive 

mouth drops, as everyone who has ohservt*d a |l prcuif of its truth. It may Is* reached by 

frog must have noticed, and thereafter the w [lurely mathematical means whieli arc able 

fltH>r of the mouth is raist*d and the air is | to demonstrate that, given the definition of 

forced into the animars perfect fluid, the pressun* at any point 

The Laws of Fluids. In dis<‘ussing ^ within it must la* the same in all directions, 

the physics of fluids we first of all took u[> the But it can also U* demonstrat'd by means 

laws of fluid -pressure by way of an introdue- of exjKTiment. In the language of logic, 

tion to the subject, since they yield us many in- we say that the first mode of prcaif is a priori 

teresling facts of practical moment. But now w'c or deductive, whilst the second is a posteriori or 

must go more into the details of the laws which inductive. We can fat absolut-ly contmt with 

govern the behaviour of fluids, taking first of all our prcxif of any statement in natural wience 

the laws of fluids at rest. The technical name only w hen both thesi; metlnxls agree in demon - 

for this branch of physics is Hydrostatics; strating it. 

the first part of this word is derived from hudor. Perhaps the simplest of the many exfKTiments 
the Greek word for water. The following are which may be made in order to prove the truth 

the thrtje great laws of hydrostatics: of Pascars principle is that of corking an empty 

(1) Fluid -pressure is always exerted at right bottle and weighting it so that it sinks into 

angles to any surface which is exposed to it. deep water ; it will then be found that the 

(2) At any point in a motionless fluid the fluid- pressure forces the cork into the bottle 

fluid-pressure acts with the same intensity in and that this occurs in exactly the same way 

every direi'tion whether the bottle be upright or turned 
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umide down or at whatever angle it lie of the small piston of the force pump which the 

plaiH^. man is working. There would then indeed 

I’lainly* this Inw' implies that a fluid exerts be a creation of power, but this is not so. The 

an upward pressure as well ns a downward one, piston speed of the pump has to the piston spewed 

but it is as much a mistake to think that a of the press exactly the ratio that the area of 

fluid has a dt^finite tendency to fortic things the press has to the area of the pump. In other 

upwards as to foren? them downwards. Its words, suppose* the piston of the press to be 20 

pn^SHure is alstolutely impartial ; this is the times as large in area as the piston of the pump, 

cardinal difference lietwoen fluid pn'ssure and it w'ill then move at only one-twentieth of the 

the presMun* exert<KJ by one stilid bo<ly on an- speed. The mechanical advantage of the machine 

other. 'Huh last is cxerttKi in one definite is that sj>ec^ is not w'hat is w-anted in the press ; 

direction only. the speed which in the pump is the direct n^sult 

The Hydrostatic Paradox. Now, of the man’s work is translated into force in the 

it follow's from the above laws that a very press. 

wmall amount of fluid cai la* ina<le to ^ The Two Kinds of Fluids. So far 

aupport an indefinitely gntat weight in A A we have l)een able to s})eak of fluids in 

virtue of the fact that the pressure exerted | general without distinguishing l)ctwiH‘n 

by the small anunint of wa1<*r ean give j them, and wc have Ix'cn able to state laws 

ris<* to a great force if it be apjilied to a j which an* tm»* of all fluids. But the reader 

wide surface. The pressure exerted by a cy may have already l»ccn somewhat astonished 

small amount of water eommunicating at the in^'lusion under one term of two things 

with a reserv<»ir of water is transmitted / ho veiy* different as water and air. and it is 

through it, and is b'lt and is exerted at now' time to distinguish lx*twtH*n the properties 

every point on the surface of that reservfiir. (1 of two fluids so very different as water and 

This may la* bwhnicully phrased thus: if forte The two kinds of fluids are liipiids and 

We fill with fluid a closcxl vesst*! with plane prMP gases. So far as the laws of hydrostatics 

HurfiMMvs-' plane meaning flat, of course* — art* concerm*d. there is no distinction lx*tw'(H*n 

and then <*xert a small amount of force on a them. It is this fact that has led to the al)an- 

small surface of the litpiid -say, a stpiarc inch tionment of tin* old U‘rm pm*umati<?s which we 

an equal foret* is exerbul on every scpiare have not emjiloyt'd. It is really sufM*rfluoiis. 

inch of the flat siirfaees in <|uestion, and thus sinee the general conditions of fluid e(|utlibrium 

the fort?e is multiplitxl. Hence it is that the an*, as we have siH*n, identical whether the fluid 

foree exerted by a very small amount of water Is* liquid or gaseous. 

may Is* able to support a wt'ight indefinitely CompreMlblllty of Fluids. It usc*d 
great. Tin* term jxiradux has Is'en iq)pUt*d to to lx* stated that the essential difference 

this fa<’t iMvause it w»ems at tirst sight impemsi- Is'tw'een a liquid and a gas is that the first is 

hie that power can thus Is* multi])li(*d. llie ineompressihlc, whilst the second is eomprf‘S8ihlc. 

truth is that jiower is not multiplied. No A gas ean Is* scjueer.ed into a small compass, 

mechanical or othc*r arrangement <‘an multifily and wh(*n tlie [iressun* is relaxed it expands 

or dt*stroy pow«*r. What some arrangenit*nts again. It is n^adily c'(mipn*ssihle. But if wo 
ean and do eonstiuitly multiply ix not put some w ater into a syringe and attempt 

jjow'er or energy, hut forrr ~ a word whieh jJiB B to squeeze it into a smaller space we find 

IS teehnieally used in [diysies to mean one ^ j | B that it is apiiarently ineomf*re*iKihle 
thing and one unlv — namely, the ability “ Thert* is thus a ver\' gn*at di'stinetum. It 

to do work. 1’hus the hydriMstatie is now a long tiim* since the ineompr(‘SHi- 

paradox so eiUled is n*allv no more a hihty of liquids wa*' demonstrated. Bacon, 

parailox than the action of a lever or u ^ for instance, lillKl a h'adi'n sh<*ll with 

pulley, or anv other m(H*hanical arrongi*- water, and then hammeriHl and squ(*#?/;f*<i 

iiient for multiplying fortn*. it in the hop* that he would lx* able to 

The Hydraulic Frees. This is (•ompn*ss the water, hut instead it 

tiften c'all«*d the Bramah Pn'ss, after the rRiNCii’LE or thmugh the lead. Similar cx|K*riment8 
man who effeeU'd an important inij^rove- hvdro.st.itit wen* made long ago in Flon'nee, glolx's 
inent in it. It consists essentially of .a .m.athink of silver and of thickly gild(*d silver lieing 
stnmg piston working up and down in a emplov**d. hut always the water (x>ze<l 

strong cylinder. Into the eylinder then* leails through rather than suffer eoinpression. 

an inlet fn»m an onlinnry hux'e pump : the As to the disiini tion lH*tween liquids and 
piston of this fun'C pump is quite small and ean gases, it is necessary to state that liipiids are, 

easily Ik* worktHi by a man, hut the f<>re<* he after all. eompressihle, though almost inriniteh* 

exerts is gmitly multiplied in pnqKirtion to less so than gast»s. 'Fhe eompn*fw»!on of water 

th<* ratio lx‘!w«'t'n the sire of the piston which is only p*n'eptihle under exee€»dingly high 

be IS working and that of the la’-ge piston of the pre»siiTt*s. It is estimat<Hi that water is eom- 

Hramah Ihx'ss. The work done on the pump prf'ssible to the extent of about tKXKU of its 

by the man is priH'isely equal to the work done volume for every atmosphere of pressure, 

by the nn'as ; there is no multiplication of Boyle's Low. We now ctime to a very 
p»W’er. In ortler that there should U* a real celebrated law dealing with the pressure of a 

multtpliestion of j>ower--such as we haw said gas w'hieh was diswvered by the Hon. Robert 

is im|MKisible— the sjM?ed of the large piston of wyle in the seventeenth century', and is now 

the press wxiuld have to be the same as the speed knowm by his name. Boyle proved in his 

1142 



ravMOfi 


experimenti* touching the spring of the air/’ 
that the volume of a given mass of gas depends 
on its pressure. Boyle’s law may Ik? staU'd in 
several forms. Perhaps the following is the 
simplest : If the temperature l>e constant the 
volume of a gas varies inversely as its pressure. 
This fact may be expressed in another way. 
For a given quantity of gas the product of the 
pressure and the volume is constant. Tlie most 
|Kipular statement of the law would run some- 
thing like this : If we rivke a given quantity 
by weight of any gas we find that the greater 
the space it occupies the h^s is the pressure it 
exerts, and rtVc verad. 

Tins exceedingly simple law may l^e taken as 
true for all practical purposes, but it has recent Iv 
l)een found that it is not absolutely true in all 
oases ; especially it is found that at very high 
pressures the law is only apiiroximately, not 
al>solutely, observed. 

A cardinal difference Udw'een liquids and 
gases IS that the latter alone always till any space 
that may contain them. You cannot take a 
small quantity of air and put it in the bottom 
of a vc*sHt*l and expect it to remain there ; it 
will expand sf) as to completely fill the vessel, 
no matter what its size may Ih‘. This fact, of 
c(»urst\ is naturally associated with Boyle’s 
law. rjxm it depends the princijjle of the air 
pump. For if we connect an emptv vessel 
with a vessel containing air the air will at once 
fill Isith of them, and thus by a simple mechani- 
cal contrivance it is possibh* to rtniucc the 
amount of air in the vessel to an indefinite 
tl(*gi'ec. 

The Air Pump. Hence, we have the air 
pump, and the first |K»int we notice about it is 
that weean n<*v<‘r ho|K* by this means to extract 
all the air from a vessel. Every time the pump 
IS w (irked we can ext raid jiCrhaps half the 
/’’einaining air, but if we follow this out it will 
U* Mfen that such a process will never result in 
eoiiipletely emptying the vesst*!. If you owe 
a man a shilling, and prcK'eed to pay him first 
.sixpenct*, then thitK*fM*nee, then three-halffience, 
and HO on, halving the amount of your payment 
each time, the debt will not Im' paid even in 
infinite time ; and the ease of the air pump is 
similar. Hence a }K*rfeet vivcuum can never be 
thus obtaimKl ; but a va<*uum which is almost 
|K‘rfeet can Ik* obtained by the simplest |K)ssible 
means, and this is the Torricellian \’aeuuin. 
which was desenlKd when we were dealing with 
atmospheric pressure and the barometer. Tlu* 
Kfiaee left at the top of the elost^ glass tuln* 
then* deserilK*d contains nothing but a very 
small quantify of the vapour of mercury. 

In contradistinction to the behaviour of a 
gas, which always fills any space in which it is 
coiiUiined and which thus enables us to make 
air pumps, is the behaviour of a liquid, which 
always has a fret* surface. Such a surface is 
horizontal or level — at any rate, we descrilK it 
as such, and such it is for practical purposes ; 
but as a matter of fact the surface of a liquid, 
even water in a tumbler, is not horizontal or 
level, but is curved, haring a convexity which 
corresponds to, and is indeed part of, the 


general convexity of the earth. Evt'ry jmrt of 
the surfact* of a liquid is at tlie same distance 
from the earth’s centre, and thus the surfm'e 
cannot be alisolutely level, though it is practi- 
cally so. If wne plact* in a ve-sacl two mpitds 
which cannot mix, such as oil and water, we 
similarly find that the surface lKtW'et*n the two 
IS practically horizontiU. The same thing is true 
in the ease* of gas(*s. After an explosion in a 
coal-mine, the earlionic licid. ivs the miners well 
know, being heavier than air, scK'ks its own 
level, and fills the lower part of the workings. 

A lorgt' numlier of considerations in hydro- 
statics have alrt^y IxH'n dealt with, amongst 
thcKK* iKing the principle of Artihimedes. the 
equilibrium of floating l>odiw, and the whole 
question of sjKX'ifie gravity and hydnimeters. 

Physic* of Fluid* • in Motion. As 
the rt*ader w'ould expet't, this fiart of our subject 
is known as Hydrokineties ; it is one of the 
most rtH‘ondite fiarts of physics, and it is largely 
in order to simplify, os far os jxwsible. the study 
of it that physieists have invent4*d tlu' con- 
ception of a jKrftKt fluid, since, when friction 
and visc'osity are taken into account in tlu* 
study of fluid motion, the w'holc subject lKeomtH4 
practically t(K) difficult for prosiKution ; even 
the motion of iKThs-t fluids is to be investigat4xl 
only with very grt*at difficulty. IVrhajm the 
most inip<irtant pro|K>Hition m hydnikiru'tics is 
that arrival at by Torricelli, (laliltMi’s famous 
pupil. It deals with the s|kmh 1 at which water 
flows out of an ojxming in a vessc*!. The student 
will Ik prepartxl to iKlieve that the rate at 
which the fluid, say w'ater, flows out will diqMmd 
ujKiii its })rcsHun‘, and its pressure will plainly 
de|K‘nd ujxin its weight. We can measure 
the sfXHxl at which waU*r will fall frtKiy from a 
height, and TorruM'lli showed that tnc sjas'd 
with which the waUT will issue from the ojKning 
corntsjxinds to a fall from th(' height of the 
Hurface of the wat<*r above thc' opening through 
which it isHiH^s. But (Miiniila'ations arisi*. For 
instance, the actual Hpissl at which tin* water 
eniergts4 vanes very greatly with the shafK of 
the ofx*ning. 

'riic pressim* of moving liipiids is a subject 
t(H> complicated to be treated in t-iieli a course 
as this. But it is an cxcctdingly imi>ortant 
subject, and its imjiortanee has greatly inercasiri 
in late years. Tfsin the presMire of moving 
liquids deiKnds the turbine, and, as the reader 
IS awan*, this form of mobir is now rapidly 
sujKrseding all its predixrt^HsorH in naval 
engintxTing. 

Limit of Speed Through Water. 

"Ilie last jK>inl to w'hich we ntKxl rr*fer is 
to which allusion has already IxKn made ; it 
concerns the limits of attainable hjkxxI through 
waU*r. IIm* task which has to Ik jMTforimHi 
by the engim*H of a ship is to ovenrcirne the 
resistancMi of the water— more accurately, we 
should say, by the engines of an alrea/Jy moving 
ship. Once the ship is in motion, as we have 
scKD in our study of Newdon’s first law, it will 
continue to move for ever but for the exU-mal 
resistancM?, and it is that resistance that the 
cmgines have to overcome. Now, it might at 
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fint be thought that if enpnei of 1,000-hanie 
power can develop a epeed of, aay, 10 knota 
an hour, then in order to develop double that 
apeed it will be necewiary merely to double your 
home-power ; but thia ia very far from being 
the ca«e. In the fimt place, the reawtanee of 
the water to the v<jHiiei incrcaneH, not aw the 
speed increoaea, but as the iwjuart* of the sjieed — 
tnat is to aay, if you double the spetd, you 
ouadruple the resistance. Further, it is obvious 
ttiat the distance through which the rt^sistanr^ 
is overcome in a given time varies ac^cordmg to 
the speed. Hence, it follows that the h<jrsc*- 
fKiw(!r ne<?i«iiary for any v«isel must vary 
according to the rul*e of the s}»eixl dcssired. In 
other words, if you wish t-o double the sfMHHl 
of the vessel, you n^quire, not twice the hors<«- 
jK»wer that you had ' liefore, hut eight tim(*s tlie 
norsc-|>ower, eight bc^ing the culx* of two. 

THE PROPERTIES OF MATTER 
Molar and Molocular Forces. The 

reader wdll lx* rather aMtonished. |K*rha}»H. to 
olsM'rvf* tlie title of t)»e se<‘tion we now introduce. 
What have W'e Ix-en talking aixiut liitherto, he 
may Hiiy ? (Vrtainly we have talking 

alsjut matter, but wc have U»en concerned with 
matt4^r in general, and with the forc«*8 which 
an^ displayed in and by matter. Similarly, in 
discussing motion there has Ix^eti implu*d th<* 
idea of the matter which movt*s. Nt'vcrthclcss, 
there arc certain iin|s»rtant prof sorties of matb^r 
to wliich w«* Imve staireidy allud(*d Physicists 
often < mploy two very I’onvenient wonls in 
order to distinguish lH*twH*en the forces and 
pro)H*rties which arc to Is* discusHi'd in the 
prtisent section. Tiu'se words an* imilar and 
molrntlar. The first of thes.* words is derivi'd 
from the Latin wo/fvi, a m^uw. and the second 
word is the adjective deriv(*d from the word 
moh»culc. which literallv m ’ans a little mass. 
Now. in the courst* on cliemistry a very careful 
and imtHirlant distinction has U*cn drawni 
Iwtw'tHUi the word atom and the word molecule, 
but it was also fMiinU*d out that the use of the 
word moliMUilc had Ux'n altered in r(*ccnt vt'ars. 
It was noted that nowadays Ui<* word moWule 
is applitnl to a combination of atoms. w'hert*as 
only a few' years ago tlie two words w'en* 
synonymous. Now', when the ph,\sieistH s^M'nk of 
molecular forces they are using the w'ord as much 
in the old sonso as in tlie new*. The n*ader who 
comes to this st'ction, after having studk'd in Uio 
course on (^hcmistry the diffemncc Ixtwwn the 
meanings of atom and molecule, is cntitkMi to 
expt^ct that when W'c come to s[icak of molecular 
forctMi W'C mean the forces display i*d by mole- 
cules as distinct from atoms. Hut. in fioint of 
fa(*t. the farces of which we are to S}x»ak arc^ in 
some casc^ really molecular in Uie precise 
modern meaning of the term, but are not in- 
flt'quently atomic. Only too often the physicist 
is not prepared to say w'hother these forces, and 


these peculiar properties of varioos kinds of 
matter, are due to the character of the mole- 
cules, or to the character of the atoms that go to 
mike up these molecules. So much for one of 
the many explanations that arc necessary in 
cons:?qu .*nce of changes in the use of words. 

Chemical and Phyaical Differences. 

Now. we must have even another explanation. 
In the very first page of our course w'C dis- 
tinguished between physics and chemistiy 
by declaring that, whereas chemistry deafs 
W'ith particular kinds of matter, physics deals 
w'ith matter in general, and that distinction 
is j)erfe<*tly true, (hcmistiy* seeks to analys* 
the various kinds of matter and reduce them to 
what are called their elements, and then it pro- 
ceeds to take Ihes * elements one by one, and to 
discover all that may lx* knowTi a^>out each of 
them The forces and pro{K*rtieK with which 
chem stry lia-i to deal are thus said to depend on 
the chemical composition of whatever sulwtances 
it may U* studying. But, in addition to these 
<'lH*m’cal forces, there arc a niimlx'r of other 
kintls of fori'CH displayed in certain kinds of 
matb-r which do not at all d 'jxmd ufsin the 
chem cal eom}s>sitir)n of the matter in question, 
but iijKin its fthysiral ntatv. Familiar instances 
of the distinction we are seeking to recognise may 
Ik* furniHht‘d by water and earlmn. So far as 
the chemist is roncerned. water is still water, 
consisting of con.stant projxirtions of hydrogen 
and o.xygen, no matter whether it lx liquid 
water or solid water or gaH(*ous water. But 
the physicist is profoundly inb‘reHtod in the 
(MT.'rcnces In'tween these tliree kinds of water. 
Tiiere is no chemical difTerence, w'e oliserve, 
U*twe<*n ice and water vajMiiir ; the che mical 
eomjKisition of each is tlu* sam(‘, but the phy.^ical 
dUlerence Ixtwixn th<*m is profound. Or, again, 
lake t arbon ; tin* diamond and charcoal, and 
the black inabTial in a so-called lead jxncil, 
these all have the same chemical comiKisition — 
they simply eonsist of earl>on. But the physical 
diiien‘iUH*H U* tween them are very great inde<*d, 
and are deeply inten‘Hting to the jihjsioist. The* 
chemist says that the kind of matter in each of 
these three sjx'cimt^ns is one and the same ; 
and that, of course, is an exceedingly im|K)rtant 
fact. But here the phytiicist takes up the dis- 
cussion. and say's : “ 1 thank you for this extra- 
ordinary discovery' that diamond and charcoal 
and graphite all consist of the same kind of 
matter ; but now* I am going to intjuire yvhat it is 
that enables one and the same kind of matter 
to show itself in such profoundly different forms 
as diamond and charcoal, or as ice and steam. 
The kind of matter is the same, the atoms and 
the molecules are identical, liut plainly they 
must be ndated to one another — in one w'ay in 
diamoniL and in another way in charcoal. 
Tw differences are not ehemi<^, but 
physical.” 


CoHiinurd 
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History. The Ordnance survey is a tri- 
gonometrical survey of the Ignited Kingdom, 
and is performed by officers and men of the 
Royal Engineers. 

Apart from all s^Mcntific and other considera- 
tions. it must be admitted that this survey of 
the UniU?d Kingdom has, so far as the public 
is concerned, more than fuUilI(sJ the object it 
was intended to accomplish. It is. in fact, the 
only reliable survey of the country that is 
published and available for reference. 

Tile preparation by the Oovernment of n 
general map for any ixirtion of the country was 
first jiroposKl after the relx'llion of 1745. when 
the want of a n*liable map of the northern parts 
of Scotland was much felt by Army officers. 
I’his was the first State survey of any jiortion 
of the Killer's dominions that was ordered for 
military" jairjKisea, 'I'hia extensive w'ork was 
entrusted to Lioutenant fieneral Watson, the 
JVputy Quartermaster of (ireat Britain, w’ho, 
with the aid of Major-fieneral Roy, was engagcxl 
for 10 years in executing the work. The map 
was drawn to a scale of 1 in. to the mile, but 
it was never puhlishwl. n'wenty nine years 
cla[>sed Ix-fore any otlier jKirtion of the country 
was surveyed by the Stat<‘, and then tlie worh 
was undcrt.'iken for scicntilic, rather than for 
military, purposes It was with the olijeci of 
ealculating the ditTerence of longitude Ix-tweeii 
tht* observatories of jjondon and Pans that, 
in 17H4, (leneral Roy measured a ba.se-hn<‘ on 
Hounslow Heath, whuh started a senes of 
triangles extending to Dover. 

Origin of the Present Ordnance 
Map. A few years later the (iovemment 
d(H*idf*d ufKin having a general survey of the 
Ignited Kingdom prepared for military i»ur- 
IK)8t*8. This was the origin of the present 1-in. 
Onlnance map. and the triangulaf ion carried out 
hy (ieneral Roy in the south-eastern counties 
Ux'imie the basis of the general triangiilation. 
As the survey was extended wt‘8tward8 it was 
eonsid»*red advisable to measure another base- 
line. This was done on Salisbury Plain, and 
for puTfjoses of verification other lines were 
measured, at Misterton (’arr, in IHfil, and 
Rhuddlan Marsh, in Flintshii’c, in 1806. The 
first sheet of this survey was published in 1801. 
About this jjeriod the public utility of State 
charts for purposes other than those of a 
military character began to be recognised. The 
public demand for lietter maps than w^cre then 
available became so great that surveyors were 
engaged for the purpose of pressing forward the 
completion of the 1 in. survey that was then 
in hand. 

The principal triangulation in Scotland was 


commenetHi in 1809. But little progrt'.ss had 
Ikho made w'hcn the officials and survcvonj were 
withdrawn to enable them to carry forwanl the 
detail majw of England, (loing north again in 
1813, the work W'as pushtd sUradily forward for 
six or seven years. In the three billow ing years 
the Scottish survey, although not altogcthiT 
susjiendcd, made but little lioadway. 

The survey of Indand was n»i]uirixl for folitical 
and administrative jmrjKises, luul the (jovern* 
ment decided that the mat> should lie piejiartHl 
to the scale of (» in. to the mile, and the chief 
strength of the .surveying corps woh traiisferriHl 
to Irtdand for this purfiose. The map was com- 
pleted in 1K4.7. 

Tho value of this tbin. map having Is'cn 
proved, a survey for a similar map wu.s eoni' 
menccHl in the northern <*ountieM of England in 
lH4(b and in llu* following yc'ar sfeondar^ 
ojK'ratioriH for a map of Scotland, also on a 
larger scale, were In^gun, but in iSfil aeoiiimittec 
of the House of (’ommons na’ommendcd that 
the 6-in. maps lx? stojiped and tho 1-in. maps 
conipletcHl in detail. 

Triangulation of the United King- 
dom. The primary triangiilation of tho United 
Kingdom was finally completed in 1852. It 
('omprises in all 256 trigonometrical stations, 
and a map showing al! these linea, which is very 
seldom seen, presents the apiK'arame of a liuge 
Hfiider’s web, with its centre laid on Salisbury 
Plain. The average length of the sides of the 
triangles is 35 4 miles, and the longest measures 
111 miles. 33i(* mriiracy, or otherwise, with 
which the triangulation wa.s carried out was at 
one time tested, W'ith extrimiely satisfaciory 
results. The length of the base-line measunsl 
ill Ireland on thc^ border of Ixiugh Foyle was 
calculated through a series of triangles from the 
base on Salisbury Plain, and the length ho 
found ilitTerwl from the measurwl base by only 
a little more than 5 in. 'Du* distance apart 
of these two bosc's is aUmt 3(i6 miles, and 
their length alxait 41,614 ft. and 36,578 ft 
resjiec'tively. 

From the opinion of a large numlx^r of the 
most eminent scientific and practical men it w'lis 
found that the gnrat prejxindcranee of opinion 
was in favour of a scale of njAiofh, or nearly 
1 in. to the acre. This s(‘ale was theref(»re 
ordered in May, 1855. 

'Fhe charge of the Ordnance survey was 
transferred to the Board of Agriculture on its 
formation in 1896. 

Maps snd their Uses. I'he standard 
maps published by the Oninance Survey 
I>ef>artmentf and obtainable from E<Iwanl 
Stanford, of 12, 13, and 14, Long Acre, \V.(*., 
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the ffole Jx)ndon atceni, and from the Ordnance 
Survey Office, Southampton, are af» follows. 
General Map. A aenpral map ni the whole 
of Oreat Britain and Ireland on the ucale of 
I in. to 1 Htatute n:ile, and prepared on one 
uniform hvhUuh, On the coloured majis the 
county boundaries are shown by a aofUsncMl 
band of col{»ur. The larger (larlcM are ii?n»en, 
the principal roada brown, the rivi^ra and 
canals blue, and the railways red. 

'Fhore are two Aeries for England and VValea, 
known an tbe New Series and the Original Seri«*s. 
The New Series is publishc^l in sheets engraved 
in outline with contour lines. The si/^* of the 
work on the shecU is IH in. by 12 in., representing 
IH by 12 fnile*M. The Original Series is publish(>d 

( lartiy in sht'ets and partly in <piart<*r sht*ets, 
lills Iwing shown by vertical hae-hun*s. 

This map is of ust^ principally as a road map. 
It is too stimll for any gniat detail to Ik" shown. 
It is the cyclist’s favourite^ scale. SU-ps have 
bce»n taken to ensure that each sheet shall l)e 
revist'd e*very 15 years. The se^eond re\ision has 
already la*gun. 

County Maps, bounty Mapn, on the scale 
of <1 in. to one statute mile, engraved or 
drawn, and published in sheets and (for 
certain countune) epiarter sheecta. 

A full sht*et rennneents miles by 4 mile*s. 
and contains 15,3(10 acres. A quarter 
sheud reqire^sents 3 miltes by 2 miles. 1'he 
shtn*ts eif each county arc numlH^red Imrizon- 
tallv by Homan numerals. 

'I^he (jeiarter sheMds l>ear the luimerals of 
the full sheet, of which they form a |>art. 
with the addition of the initial lett<*rs 
N.VV., N.K., S.W., S.E., according to the 
position they occupy on the full slund. 
Tliese county* maps show' more detail than 
the general map, hut are not large enough that 
any accurate work may lie set out fnun them, 
hut very valuable for estate purfsises. 

Porioh Mops. Parifth Mapt^ on the scale 
t'r 2«5'344 in. l(» I mile, which is 
afiproximately equal to 1 acre for every 
squart* inch on tiu' map. A sheet n-presents 
1.J inilw by I mile, and oontain.s 0(10 acit's. 
Sixteen plans on this scale form one O-in. 
full sheet, and U^ar a double nderemn* 
mirnlM'r. 

1-liis is tbe lHn«t sire for general work, llie 
smaller scab's an* t(K> close, and the larger 
ones make very cumbrous ma()s. if. say. for an 
estate, two or IhrtH' are joined together. 

Town Mapo. Ttttvn on the scale of 

A^ftth, or 120*72 in. to 1 mile, or 41(1(1 ft. 
to 1 inch, which is adopU'd for all towns of 
mort' than 4.000 inhabitants. Each plan 
r«»pr<\Ht‘nts 24 chains by 16 chains, and con- 
tains 38* I ncrt'H, and shows the arrange- 
ment of the Ix'ds in the gardens. 

The sheets of these ma{)s liear a treble 
numla'r. Maps of certain towns have bt*en 
publishtKl on the scale of liifith, or 10 ft. to 1 
mile, and many on the scale of irfxftth, or 5 ft. 
to ] mile. A scale of 68 divisions to 1 in. is 
applicable to the latter map. 
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The map of the United Kingdom, on the 
scale of j expected to be published 

during the current year. It is claim^ that it 
should be useful as a wall map and for educa- 
tional purposes. 

Maps for Schools. A new departure has 
been made in the supplying of schools wnth 
sfx'cially printed Ordnance Survey maps at a 
very low' price. These maps are issued on a 
w'ritt/cn undertaking from the headmaster, or 
other responsible representative of the school, 
that they will not be placed on sale, and w'ill l>e 
ustid for educational purposifs only. Over 
46.()(K) of these maps were supplied in llK)3-(>4. 

Engineers and surveyors find the Ordnancs 
maps and area liooks alwolutely necessary for 
much of their work. The Oixlnance Survey 
reference Itooks give the area of every field 
and enclosure to the thousandth of an acre, in 
acr<^ and decimals. 

A iV'sume, g'iMng full particulars of all the 
Ordnance ancl gt^oiogical survey inafw, plans, 
etc., can l)c obtained from the agents for the 
sale of maps. 

Edward Stanford . . London. 

•J. Menzies A: (’o. .. Edinburgh. 

Hodges. Figgirt & Co. . . Dublin. 

Ordnance Datum. The l)ench marks of 
the Ordnance surveys are of this pattern TT 
and an* known as Ordnance lamch marks 
((). B.M ). 

'Phe liorizontal line rej»n*scnt« the spirit level, 
and the three strokes forming the arrow 
reprt'senl the legs of the stand of the level 
(teehnieully known as the tnp(Hl). On the 
sheets of the Ordnani'e Survey the levels of the 
several b<*nch marks are numU^n^d in f(H*t 
and decimals of a finit alxive mean high-water 
mark nt Liveri>ot)l. whieh is as.sumed to 1>© 
(1*6,50 of a f(»ot U*low’ the general nii'an level 
of the sen. These heights have been determined 
nt many points throughout the eountry ; each 
IS di*Mti:na(4Hi 1)V the mark referred to. Inking 
in a wall, or foolpntli. or milestone, at the spot 
indicated on the Ordnance map. 

L*and Measures. Originally land iiu*asure 
didenKl in various parts of England, and was 
governed by the custom of the particular 
loeiibty in which the land was situated, hence 
the term “ (.'ustomarv Measim .” 

Now’, however, land measure for the whole of 
England is governtd by Statutes 34 Henrv^ 
VI Dm 5 (leorge IV., cliap 74, and 5 and 6 
William IV., chap. 63 ; hence the term 
“ Statute Measun*. ' 

Consequent ly, in old diK'uments, one occa- 
sionally comes across plans, etc., giving the 
area of lands in customarv’ acres, rcxxls and 
perches, and it is. therefore, nect^saary to red ne’e 
custipnmrtf to siitnU, and sometimes statute to 
customary^ measure. 

The aame remark applies also, in some cases, 
when dealing with lana in Scotland or Ireland, 
or other parts of the w'orld, where the land 
measure differs from our statute measure. 

1. By the Act 5 (^eoigfe IV\, chap. 74 
(June ITth. 1824), it is enacted : That our 
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present yard nhall be denominated the * Iin- 
perial standard yard * ; and shall be the unit, 
or only standard measure of extension. vheit*by 
all other measures of extension whatsoever, 
whether the same be lineal, 8ui>erlieial, or 
solid, shall l>e derived and computed ; and that 
all measures of length shall lie taken in parts, 
or multiples, or certain proportions, of the said 
standard yard ; and that one third jmrt of 
the said standard yarci shall be a foot, and 
the twelfth part of such foot shall bf» an inch ; 
and that the rod, pole, or perch in length, 
shall contain five such yards and a half ; the 
furlong, ti^o hundred and twenty such yards ; 
and the mile one thousand seven hundred and 
sixty such yards 

*2. By the same statute it is enact^nl that 
all Hujicrficial measun^ shall 1 m‘ computed by 
the said standard yard, or by certain parts, 
multiples, or pniportions therwf ; and that 
the rood of land shall contain one thousand 
two hundred and ten scjuare yards ; and that 
the acre of land shall contain four thousand 
eight hundred and forty such square yartls, 
lieing one hundred and sixty scjuare rods, 
poles, or jKTclu^s. 

By the .\<‘t o and (1 William 1V^, chap. 
(Septeml>er 0th, IS.V)). all I'X'fil or cutd >mary 
weights and lueasures are alxilished, not only 
111 England and Wales, but also m Scotland and 
In' land. 

Multiples of the Yard. The yard laung 
the British standard length, it is muliiplied into 
i'hains, furlongs, and miles, and divided into 
f(H*t and inches, the chain of 22 yards In'ing 
divided into 1(K> parts, or links, each of which 
measures 7*02 inches. 

In the school table books 5^ yanJs is called 
1 rod. fMilc, or jicrch, and the square formed by 
fliis length, containing IlbJ sip yd., is called 
1 sq rial. pole, or |)erch. 

Surveyors f»bje(*t to this confusion of terms, 
and arc generally agn*ed that the t<*rm pole 
shall Ik* used for lineal measure, and perch for 
sfpiare measure, so that areas in land surveying 
are usually stat**d in acres, roods and f«*rehes, 
any fraction fiver bfdng stated us j, *, or J,to 
whichever of these it is nearest. 

The Ordnance surveyors use three places 
of df*eimuls for the fractional |>ereheH, giving an 
appearance of accuracy which the work itself 
will not warrant, as an allowable error is 1 perch 
JHT acre. 

Formerly, by custom, the fxTch vari<*d in 
different parts of England, and with it. eon 
Hcqucntly, the a<'re also varied in ])ro|K)rtion 
In Devonshire and part of Somersetshire, 1,5 ft., 
in ( omwall, 18 ft., in Lancashire, 21 ft., and in 
C’heshire and Staffordshire, 24 ft, w’erc seeount<*d 
a perch. In the common field -lands of Wilt- 
shire there was a customary measure of a 
different nature— riz.. of 120 instead of 
statute perches to an acre, so that 30 perches 
of statute measure made 1 rood of customary, 
or 3 statute roods made 1 custoipary acre, 
or 30 statute perches made 1 rood, and 4 such 
roods made 1 acre customary measure. 


It may be observed that 4,840 sq. yd. make 
1 statute acre— 3,830 made 1 Wiltahire acre, 
4,0(Xlmade 1 Devonshire or Somersetshire ai're. 
5,7ft0 made I (^omwall iu*rt% 7,840 made 1 
Lancashiri' acre, and 10,240 stp yd. made 1 
af're of the customary’ measure of (^leshire or 
Staffordshirt\ 

The Scotch acri» containini l,244J sij. yd., 
and the Irish acre 3,(K>0 sip yd. more than I hi' 
English statute acre ; while the Scotch mile 
was 210 J and the Irish mile 4vS0 yards mort' than 
the English mile. 

The standards of measuremimt in Isindon 
for testing chains, ruh's. and rf>ds are situatfxl 
in the Ciuildhall and on the north side of 
Trafalgar Square*, and may bt* used frt*e of 
charge. 

Reducing to Statute Measure. In 

many old surveys and plans the area is given 
in local and customary acres, rods, and jierches, 
consequently it is nceessary to give the method 
of reducing local or customary measures of land 
to statute measure and statute to customary 
mcasurt'. 

Method No. 1. When the number of fix*! in 
a customary fwTch is given, rcxlucc the custom- 
nry ipnintity to scpiarc feet, and divide by 
272*25, the number of scpiarc feet in a statute 
perch, and again divide the quotient by lOD, 
the square iM'rehes in an acre for aeres; and 
the remainner, multi pi ie<l suceeHsively by 4 
and 40, and divided succesHively by iOO, 
will give the roods and perches statute 
measure. 

Method No. 2. When tin* number of square 
yards in a customary lU’rc is given, reduce 
the area (ciistomary measure) to acres and 
decimals of an acre, multijily by the numlMT 
of square yards in a customary acre, and 
divide by 4840. the square yards in a statute 
acre, and reduce the decimals to roods and 
perches by multijilying successively by 4 
and 40. 


f^rohlevi No. I . Reduce* 1 7 a. 0 r. 0 p, cuslomary 
measure, when the customary jktcIi is 15 ft., to 
statute mi'UHiirc. 


Area, ciistomarv measure 

a r. p. 
17 0 0 


Roods in an jwtc. . 

4 


CusDjmarv roods 

08 


IVrches in a rcKid 

40 


(’ustomary perches 



,Sq. ft. in customary perch 

225 


Statute fc<*t in 272*25 

13045 

5458 

5458 

)0l4O25'fXK2: 

255 ' 

statute p<Tch 

r»44.50 

statute 


00525 

pt.Tcht^. 


.54450 

1.50750 

130125 

140250 

1.36125 

10125 
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Square perchee 1(K))2255< U 0 15 are a t tatute 
is 1 acre 100 meaeure. 

'655 

640 

15 

4 roodii 
]60)60{0 

40 

160)2400(15 perchee 
160 
8(K) 

K(K) 

/Vofc/cm No. 2. Rf^luce to statute measure 
:6 a. 1 r. 10 p., when the cestomary acre contains 
36»000»q. ft. 

a. r. p. 

Area, customary mea- 
sure 16 1 10 

16 and 50 

j 60 ac res 
16*3125 acres 

Yards in customary acn* 40(K» 

Y arde in statute acre 484 ‘0)(i525 000(K)( 1 3 *48 1 4 
484 
1685 
1452 
2330 
1936 
* 3940 
3872 
680 
484 
19(M) 

1936 

240 

13 4814 
4 

" 1 11256 

40 

37*0240 

Art'a, statute measure : 13 a. 1 r. 37 p. 

To rt'duce statute to customarv measure the 


process is, of course, precisely similar, only the 
multipliers and divisors are transposed. 

Foreign Milea.— The miles recognised as 
standard in foreign countries v^ry, and art* 
as follows. 


l>enDmrk 

7,233 English vards 

France (small degree) 

2,933 

.. (mean degree) 

3,666 

„ (large degree) 

4,400 

Germany 

6 , 866 . 

Ireland 

2,240 

Italy 

1,467 

Poland 

4,400 

Russia 

1,110 

Scotland . . 

l,976i 

Spain 

5,028 

Sweden . . 

7.233 


French Menaurea. llie French system 
(>f measuring is easy to comprehend, it 
Uung necessary to rernemlK*r only the are, 
m^tre, and st^re. Hie others are all redated 
in a tenfold proportion, the preceding part 
of the word making the distinction, the U*r- 
minations all ladna the same— de^camt^tre, hecto- 
metre. kilometre, etc., signifying 10, 100, 
etc., Uines the metre ; and decimetre, centi 
metre, minimetrc, signifying 10, 100, 1,000 jiarU 
of the metre. 

We append a table showing English standard 
t*quivalents of lineal, superficial, and cubic 
measurements in the metric system, and the 
metric equivalents of the English standards. 
It is a simple matter to reckon out these equiva- 
Umts from one system to the other with an 
accurate* table as a basis of calculation. For 
instance, hectares may be reduced to acres 
by multijilying by 2*4711, and acres may l>e 
exprt*88ed in hectares by dividing by 0*4(>467. 
In drawing out the equivalents of mixed quanti- 
ties, it facilitates the calculation to reduce tlu* 
exprt'Hsion to its lowest term. Tlius, to bring 
5 acres 3 roods 2 |K^rches to ares, exjirt'ssion 
should Ik* n'duced to jierclu^s and divided by 
25*29. The quotient will be square metres or 
hundriHiths of an art*. 


1 MUlimHrr 
1 

I IHcrimHiu 
1 M6tr« 

I TtkllM* 

1 MyriamMrr 
or 10 Kllom6tr<« I 
or UH> tIoctotuHre* l 
or mx) D^cam^trst } 


1 MlUUit) or tiiuarr dfoimMre 
1 I'vntlartf or aquarr niHra 
1 Arr or aquarv drcani^trv or 
KMl evntiarm 
I Hectare ot 100 area 


1 

1 Hi^rr or cubic in^trc 
or 10 Decintirta 
or 100 ('eatut^raa 
or 1000 Milliat^rM 
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*089870 

EngUah liuficrial iurlu'a. 

1 Inch 

25*399 millimetre. 

*893704 

,, 

1 Foot 

30*479 ccntiri0‘lrc. 
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ENGLISH DRAMA SINCE SHAKESPEARE 

LITERATURE 

A Concise Review of the Leading: Dramatic Poets and Play- 

8 

wrights in the Seventeenth, Eighteenth, and Nineteenth Centuries 

t'nuUliurtt (nmi 


By J. A. HAMMERTON 


Character of the Restoration Drama. 

So comparison is possible between the 
drama of the Elizabethans and that of their 
immediate succt'ssors. It is all contrast — the 
c'ontrast, one great critic has said, of Hyiierion 
and a Satyr. We shall not go so far as that. 
We have to remember Mr. George Meredith ‘s 
eulogy of Congreve. But all the brilliancy of 
the “ comic dramatists of the Restoration 
cannot blind us to the fact that when women 
made their first professional appearance on 
an English stage, the chief theme of the plays 
that were wTitten at that time was the ridicule 
of the marriage state, to the end that the 
rilmld laughter of a dissolute (\>urt might Im 
prrjvoked and the cheap cymicism of “ the 
man of the world” encouraged in its vacuity. 
It may Ix' mentioned, however, as interesting 
in this conn(X‘tion, that the first ro/e mofession- 
ally rendered by a woman in a public theatre 
in this country was that of Jh'sdemona in 
“Othello.” Mr. Nichol Smith has Inxm at 
some pains to show that the eight<vnth century 
nuidered tribute where tribute was due, but 
the playwrights of the latter half of the seven- 
Ux'iith century translated Shakesj^eare for stage 
purfK)S(*8 much as Bottom was “ translated.” 
Ey'en Dryden is not exempt from the mania 
for jiainting the lily in fancy hues. 

'Fne why and the wherefore of a study of the 
Restoration drama are so admirably set forth 
iit one of Macaulay’s “ Fasays ” — the n*view' of 
l^igh Hunt’s I'dition of the VVorks of Wycherley, 
( 'ongreve, V^inbrugh, and Farquhar — that w e 
can hardly do fx'tter than commend this essay 
to the reader at the outscd. 

Dryden and Hia Contemporaries. 
Again pas.sing over Thoma.s Ra.ndolph {b. lfK>5 ; 
d. 1(13.*)) as only of exotic interest, the first name 
that claims our attention is that of Sm William 
Daves ANT (b. IbfKl ; d. l(K18). Davenant’s 
work well reflects the spirit of reaction against 
Puritanism ; much of it was unworthy of the 
man’s fjetter parts. His “ heroic play ” of the 
“ Siege of Rhodes ” is the germ of English 
opera, and he introduced many a<*ct?ssories to 
the theatre, including the orchestra. Thomas 
Kiluorkw (b. 1612; d. 1683) is the author 
of a comedy, “ The Parson’s Wedding,” which, 
we are told by Pepys, was originally acted 
by a female cast. He built a playhouse in 
1663 on the site of the present Dniry Lane 
Theatre. 

John Dryden (b. 1631 ; d. 17(X)), at the 
instance of Davenant, wTote an absurd adapta- 
tion of “The Tempest,” and a capital blank 
verse tragedy. “ All for Love.” on the lines of 
“ Antony and Heopatra. ” He adapted the 
“ heroic couplet ” to the English drama, thus 


winning the approval of Charles II. and the 
ridicule of the Duke of Biu kingham in “ The 
Rehearsal.” His characters an*, in the main, 
abstractions ; he uses noble language to convey 
ideas full of extravagance. But his tragedies 
of “ I>>n Sebastian ” and “ C’homenes,” together 
w'ith the comedies of “ Marriage a la Mode ” 
and “ Tho Spanish Friar.” contain much that 
is eminently n^adable. Avow<*dly, he w'rote 
plan's not liecause the work was congi'nial, 
nor liecause he thought of posU'rity, but to 
make money. Considt'ring tlu^ variety of his 
literary output in other diroi'tions, it m remark- 
able that his position as a dramatist stands so 
high as it does. The student sliould not miss 
his “ Essay on Dramatii' Po(‘sy.” 

Sir Georoe Ethkrkcik (b. about 1633 ;d. 1691] 
w*as one of the first to employ rhyme in comedy. 
There was little harmony in his characUT. His 
plays are pictures of the high life of thi' jx^riod, 
and altogether unsuitable for general reiwling. 
His three comi*dieH, “The (’omical Revenge; 
or, Love in a Tub,” “ She Would if She Could,” 
and “ The Man of Mode; or, Sir Fooling Flutter,” 
may Ik* classed w ith the plays of Tom D'Crfky 
(b.‘l633 ; d. 1723), Thomas Ahadwell (b. 1642 ; 
d. 1692), and Mrs. ArmiA Rehn (b, 1640 ; d. 
1689). D’Urfey deserves s|>ecial mention IxK’ause 
of his songs and the friiuidship which both 
Addison and Steele extend(*d to him. 

William Wycherley (b. 1640; d. 1715). 
Wycherley was one of the two great lights of 
Restoration coraKly. Said Evelyn : 

“ As lorg as men are falsie and women vain. 

Whilst gold continu(*s to Is* virtue’s bane. 

In point<*d satin) Wycherley shall reign.” 

Like J>rydrn, Wycherley ma<l<* a rather fiM*b|e 
first effort at writing for (he stage. Also like 
Dryden, but with greaU^r success, he sought 
and found inspiration in Franci* and Spain. 
He may lie dm*rilK*d on the originator of our 
comcHly of manners. “ Ho w^as a ruffian, ' says 
Mr. Gosse, “ but a ruffian of genius.” “ The 
only thing original alx)ut Wycherley,” writes 
Mr. W. (^ nWd, “ the only thing which he could 
furnish from his own mind in inexhaustiblo 
abundance, w'os profligacy.” He was a faithful 
mirror of his own time. His chief comedies are 
“ The Plain Dealer ” and “ The (Country Wife.” 
Tho one is founded on Moli^^re’s “ Le Misan- 
thrope,” and is praiscxl by Hazlitt as “ a most 
severe and poignant moral satire” ; the other 
loses our respect and much of such admiration 
as its w'orkmanship claims when compared 
with its sources, Molidre’s “ L’Ecole des Maris ” 
and “ L’Ecole des Femmes.” Wycherley’s 
owm life provides the most effective satire on 
the social ideals of his period. 
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William Confrere. In the workii of 
WlLUAM CoNORKVE (b. 1670; d. 1720) the 
comedy of matinerM atiatmi ite apogee. “ The 
Old Bachelor/’ “ The I>>ublc Healer/’ “ Love 
for Love/’ “ 'rhe Mourning Bride/’ and ** Tlic 
Way of the World ” wctc all written before 
their author waa thirty year* okl. Tlien came 
itinw'unsa and literary aterility. C'ongreve woh. 
and remainn, a nianter of ref>arte<* and ax*eom- 
pliahed inHolence, He wrt)te U^tter than 
Mo|i^*rc ; but Moli^re’H fttage methml and 
dramatic ntyle pre«erve Him playH alive while 
thoM* of (’ongreve, if we (‘xeept “ L<»ve for 
Ixjve/’ which haa dc^crilMMj aa the finent 

prone c<*m<'Hy in the Englinh language, an* 
conMigniHl to the ntudy. “In every |K)int/’ 
wriU*!! Mr. (». (’. Kwald, “(’ongreve maintaine<l 
bin HUfM'riority to Wycherley. Wycherley ha^l 
wit ; hut the wit (»f (’ongn*ve far oiitahinen that 
of every comic writer, except Sheridan, who han 
ariaen within thi^ lant two centurit*H. Congreve 
had not in a large* measure the jMH'tical faculty ; 
hut, cnmpan*d with Wycherley, he might Ik* 
chIIihI a great |MK*t. Wycherley hod nonu* 
knowledge* of iKMikM, hut (V>ngn*ve waa a man 
<d i-eal learning. (Umgreve’n olTenc€‘H against 
dworum, though highly culjMible, w'ere not mo 
gnoiM HM IhoM** of Wycherley, nor did Congreve, 
like Wycherley, (•xhihit. to the world the deplor- 
able M|KM‘ta<*h* of a licentiouM dotj^e/’ Thack- 
eray declansl that “ the (’ongn*ve muw in d4^a<l. 
anJ her song choked in Time'a aahtw/' “ S^h*,” 
he exclaimiKl, “ there'n the cup Mhe drank from, 
the gold chain she won* on h<*r ntH*k, the vewa* 
w'hieh lu'ld the nmge for her chwkH, lu*r l(M>king- 
gloHM, and the hat*]) hIh* UMc*d bi dance to ! ] nstcad 
of a fi'aMt W'C' find a gravcMt^me, and in j>liw*<* of 
a iniMtn'MM a few' IxmeM.’’ Som<’ phraaeM from 
the (Vmgreve <*oin€MitaH long Mince fouawMl into 
the ctunmon hjkmh’Ii : “ Mumic hath chamiM to 
M(KJthf' the Hfivagt^ briMiat,’’ “ Heaven haa no 
ragt^ like love U» hatnxi turned, nor lu’ll a fury 
like a w'oman HcomiHi,’’ “ MarritHl in haate. 
we may rt"[Kmt at leiMvm* “ an* among them. 

Vmi&bruih and Others. What Sir John 
Vanbrioh (b. 1664 ; d. 1726) lacked in graco 
he had in eoanw» wit and facile invent ivem*MH. 
llie epitaph — 

“ Lie heavy on him, earth ! for he 
Laid many heavy loadH on thtM*/’ 

alludeH to his achievements as the archit<H't of 
Blenheim and Castle Howard, not U) hi» author* 
«hip of “ The Relapse,” “ The I*nivoked Wife,” 
ana “ 'Die Confederacy.” With Vanbnigh may 
U* eom}>an*d (Ikorok FARgriiAR (b. 1678*; 
d. 1767), who, in some directions as a dramatist, 
improved on his predeot'ssors in cogency of 
eonstruetion, and whost* incidental verse mdi- 
caUw a |M>wer that — jKKvsibly for reasons eon- 
luvted w ith a hand to -mouth sort of existem'e— 
was never fully cultivated. The famous line 
from his “ Twin Rivals ” — 

“ Necessity, the mother of invention ” 

— is singularly imposite to its author. Horace 
Walpole said of Farquhar's plays that they talk 
the language of a marching regiment in country 
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quarters. He wrote liest what tie wrote last, 
** The Recruiting Officer ” and “ The Beaux’ 
Ktratagem.” He marks the transition from 
Restoration liocnee towards the purer, if more 
('onventional, stage methods Udonging to the 
n*i|^ of Queen Anne and the Early Hanoverians. 

Thomaa Otway. In Thomas Otway 
(h. 1651 ; d. 1685), it has been well olwerved. 
“ there is no relief, no pause from the W’ar and 
clamour of [lasHion.” He lived tragically, 
wrote tragt'dy, and dic'd young. (Jlooray os are 
his plays and devoid of lyri<'al lK*auty, they 
reach tlie heart by shiK'r force and knowledge 
of human nature. “ Mon* tears,’* said Sir 
Walter Seott, “have lieen shed pnihably for 
the sorrows of B«*lvidera [in “ Vt‘nice Pn*- 
wrved ”] and Moniima |in “The Orphan '] 
than for tlusK* of Juliet and l)t*sdem()na.” OI 
“Venice Prewrved,” which awakeiuKl the 
praiw of Drvden, Hazhtt. and Tame, versions 
liave lK*en madt* in Kn*iich, (Jemmn, Dutch. 
Russian, and Italian. Otway is a strayed 
irageilian, U'lrmgtng hy genius, if not hy time, to 
tlu* EiizalK'tlrms. 

The Leeeer Dramatiste. Other names 
that can only Ik* given hare mention as those 
of dramatists of some, hut h’swr. note arc: 
Nathaniel Lkk (h. IboJ ; tl. 1662). who eolla- 
iHirutwl with Diy’denm “ (Kdipiis,’’ and who is 
lH*st repn*s<‘jit4*<l hy ” The Rival Que<*nH ” ; John 
CroW'NK (cl. 1765), author of “ Thy(*stes ” and 
“Sir (’oiirtly Nice ' ; Nahi'M Tatk (h. 16,V2 ; d. 
1715), whosi* version of “King L‘ar,” in which 
Cordelia survives and marries Edgar, held the 
stage till the middle of the nineU*enth century ; 
(’oLLKV CiBBKR (h. 1671 ; d. 1757), who up|K*ars 
to have lKH*n U*tt4*r as a comedian than a.s a 
playwright, though his version of Shakes|K‘are’s 
“ Richanl 111.” has lM*en frequently jK*rfornu*d 
in the provint‘i*tt c‘ven of rt*eent y<*ars ; Nicholas 
Rowk (h. L674 ; d. 1718). whose “ Jane Shore,” 
is still act4*d, and who in “ The Fair Penitent ” 
(adHpt(‘d from Massinger’H “The Fatal Dowry ”) 
fln*w' the prototyjH* of Richardson's Lovelace ; 
TmiMAM Soi'THBRNK (b. 1666 ; d. 1746), whose 
“ The Fatal Mamage ” oiul “ Oroonoko,” 
founded on novels by Mrs. Aphra Bt*hn, 
eiijoyixl a (H*ntury’s jiopulnrity ; Elk.vnah 
Settle (b. ltU8; d. 1724), author of a “heroic ’’ 
piiH5e of bombast called “ 'Hie Empress of 
Morocco”; John (^av (b. 1688; d. 1732', 
author *of “Tlio B<*ggar’s Opera ” and the 
lihrc'tto for Handel's “ Acis luid Galatea”; 
and Richard Savage (d. 1743), who wrote 
a comedy, “ Love in a Veil,” a tragedy, 
“Sir Thomas Overbury.” and inspired Johnson 
to the wTiting of one of the bi*at, if by no means 
the moat acc'urate, of short biograjihies. Here 
brief mention must also l^ made ^ of Joseph 
Addison (b. 1672 ; d. 1719) as the author of 
“Cato,” a tragedy which has enpyed in literature 
a European reputation ; Sir Richard Steele 
(b, 1672; d. 1729), “the fatiier of sentimental 
comedy ” ; Samuel Johnson (b. 1709 ; d. 
1784), as the author of “ Irene,” a tragedy 
which all Garrick's zeal could not make 
suc*ce«8fuU and conceming which Biwwell has 
some entertaining pages ; Samuel Foote 
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(b. 1720 ; d. 1777), a aocial satiriat in 
Jonson’s vein ; David Garrick (b. 1717 ; 
d. 1779), whose adaptations, together with hi« 
prolognea and epilogues, are of merit ; GEomiR 
CoLMAN the elder (b. 1732; d. 1794), who collabo- 
rated with Garrick in “ The Clan- 
deattne Marriage," and wrote " The ^ 

Jealous Wife " ; George Colman 
the younger (b. 1762 ; d. 1636), ^ 

author of “ The Heir-at-Law. ’ 
a comedy of sterling qualities; 

,IoM\ Home (b. 1722; d. 18(»H), ^ 

author of ** Douglas *' ; and 1 

Kit HARD (Vmbkrland (b. 1732 ; * 

d. ISII), author of "The Wcht 
Indian." To the cometiies of ^ 

Henry Fiei.dino (b. 1797 : d. 
n.Vt). written after the mann er 
of ('ongrt've, may Ik* applunl 
the description given by Jonson • ’ 
of Cardinal de PerTon's transla- 
tion of Vergil— namely, " That 
they wen* naught." 

Goldsmith and Sheridan. 


the first and second are the bt'st known. Here 
is what his contemjK^mrj' ('n*evey says : '* ' llie 
Rivals ' upon its lirst |K*rformiuu*e was tiamiuHl. 
When Sheridan gt>l Xo Slt>ugli (his home], and 
told his wife of it, she sui I, * My dear Diek, 

I am delighted. 1 always knew’ 
y il wivH imjKiHsibh' you could make 

anything by writing plays ; so now 
then* is nothing for it but my 
lK*ginning to sing publicly again. 

^ and we sliall liavt* as nnieh 

money ns wt* like.' ‘ No,' said 
Sht»ridan, ‘ that shall never 1 m*. 
1 see wlu'n* the fault wits ; th(*play 
W'as tiK) long and the parts wa'n* 
bmlly east." So he altered aiui 
\ curtailed the play and had addrt*sH 

' or int<*n'st enough to gi't the parts 

newly east. At tlu* expiration of 
SIX WHs*ks it wiis aetetl again, and 
with iinlHuindtHl npplaiist*." Of 
Slieridan’s eomie muse lla/ditt says : 
" She d<M*s not go prying ‘^aUuit 
into tdiHcun' corii(*rH or colleid- 


Omver (Joi.d- 
SMITH (b. 172S; 
d. 1774) wa.s 
unlucky in 
the c I re urn- 
htaiiees attend- 
ing the pniduc- 
tion of the first 
of h I M two 
com •dies, The 
(iood - NatuDKl 
Man." It was 
iKHirly acted ; 
init genius pre- 
va 1 1 e d. Th c 
lovable quali- 
ties found in all 
he w nite distin- 


V 




ing idle eiiriosi- 
ties, hut shows 
her laughing 
hire and }M)inU 
to her rich tn^a- 
sure, the folliea 
of mankind. She 
isgarlandniand 
crowniHl witli 
roses and vine- 
leaves : hiTeyes 
Hparkh^ w it h de- 
light, and her 
heart nins over 
with g 00(1 - 
natunKl mali<’e ; 
her Ht/(‘p is light, 
and her orria- 


gui.sh(*d both 
“The Good- 
Naturefl Man " 


WILUAM CX)NaBEV£ 


and "She Stoops to Conquer." 
l'bt*«e two coraediea, the proet^eds 
of which made their author 


for the time lieing a man of 
fortune, have been referrt*<i to 


as the grec*n(?8t spots in the 
dramatic history of the period to 
which they belong, and as con- 
taining " wit without lieentiouH- 
ness ; humour without extrava- 


gance, brilliant and eh^gont dia- 
logue, and forcible but natural 
delineation of character. " Rich A rd 
Brinsley Sheridan (b. 1751 ; d. 


m(*ntH an^ con- 

RICHARD BRINSLEY SHERIDAN i* ^ ’ 

Lord Byron 
wrote on learning of Sheridan's 
death : 

" l>ong Mhall w'l* seek his likenr^HH 
— long in vain, 

^ And turn to all of him which 

may remain. 

Sighing that Nature formt^d but 
one such man. 

And broke the die— in moukl- 
ing Sheridan." 

The Drama of the Nine- 
teenth Century. When the 
nineteenth century open«j, Shake- 
H|K^are sharwl w'ith (Goldsmith and 



IK 16), whose personality and roman- 
tic love-story have been made 
clearer for us by Sir Herbert Max- ^^^As 

w'cU's study of " The Creevey 
Papers," is as popular on the stage as Shake- 
speare ; to the graoeful humour of Goldsmith he 
added the wit, without the grossneiis, of Congreve. 
Of his four comedies, "The Rivals,’’ "The 5&hool 
for Scaodal," " The Critic," and “The Duenna," 


Sheridan all the distinctive honours. 
^ The other dramatists, in th<* stagi* 
oT^ sensf.* of the Djrm, were hard to 

seek. 

" Monk " (Matthew Gkegory) Lewis (h. 
1775 ; d. 1818), of " Tlie Castle SfMK tre " ; 
Thomas Hoix-boft (h. 1745; d. 1809), author 
of "The Road to Ruin"; James Sheridan 
Knowles (b. 1784 ; d. 1862), who wrote “'Phe 
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“ Hunchback ” and The Love Chaee ; 
Bbvan Wallkb Pboctbb (b. 1787 ; d. 1874). 
whoee triu^y of “ Mirandola ” i» amongst 
the least of his litorary achievements ; Joanna 
Baillie (b. 1702; a. 1851) and Eueabeth 
Inchbald (b. 1753 ; d. 1821) are among the 
boat of the playwriten of the time. Samuel 
Tayi/)B CV)LEBI DU E (b. 1772 ; cL 1834) translated 
Scihiller’a “ Wallenstein,** and wrote a five-a^^t 
tragedv, “ Remormn” which, says Mr. Swinburne 
(paraphrasing Jonson), contains “little worth 
praise or worth memory, ex(M?pt such casual 
fragments of noble verse us may readily U' 
detached from the loose and pliable stuff in 
which they lay eral>edd«d.“ It ran for twenty 
nights at Drury Ijine, in 1813. Another half- 
forgottem tragedy of the pc?riod is that of 
“ iHirlrara,'* by the H<*v. (.*i{AKLEfl Robert 
MAT i"BiN(b. 1782 ; d. 1824), whi<*h was product 
by Kean, at Drury l^ne, in 1810, on the recom- 
mendation of Lord Byron (b. 1788 ; d. 1824), 
w'hose ow'n contributions to literary drama — 
“ Manfred,” “ Marino Faliero,” “ Sardanapalus,’* 

Tbe Two Foscuri,” “f’ain,” “Heaven and 
Karth,” “ Werner,” and “ The Deformed Trans- 
formed ” — will U* dealt with in connection with 
his ))oetry, as will “ The Bride's Tragedy ” of 
Thomas I/>vkll Beddoes (b. 1803 ; d. 1849) ; 
and “The (’enci,” by Pkr<’Y Bysshe Shelley 
(b. 1792 ; d. 1822). BjTon's plays found their 
way to the stage for other reasons than their 
intrinsic value for acting purjicw^s. “ Ion,” a 
(3rtH>k trag«Hly by Sir Thomas Noon Taij^oukd 
(b. 1795 ; d. i854), and “ Philip van Artevelde,'* 
by Sir Henry Tayuir {b. 18<K» ; d. 1889), arc 
l>oth works for the rt^ader rather than for the 
pluygw’r, “ Philip van Artevelde ” is a romance 
that has receivfd faf too little attention. One of 
the most popular of the dramatists of the nine- 
twnth century was Kdwakii Bri.wKR, 1/)RT> 
Lytton (b. 1893 ; d. 1873), whose plays, “The 
l^y of Lyons,” “Money,” and “ Richelieu,” 
for all their art i tic iali ties of sv*ntiment, still 
n'taiii a strong hold u|)on the public. This is 
also the case with such pla\^ as “S(»ciety.” 
“ (*Aste,” and “ Ours,” by Thoma.h William 
Robertson (b. 1829; d. 1871); “ Masks and 
FacHN! ” and “ It is Never tmi I.,ate to Mend,” by 
Charles Reade (b. 1814 ; d. 1884); “Still 
Waters Run IhM'p.” by Tom Tayu)R (b, 1817 ; 
d. 188(1) ; “ Block- Eyixl Susan,” by Di>t (jlas 
Jkrrold (b. 1803 ; d. 1857) ; “ London 

Assuranee ” and ” Folleon Bawm,” by Dion 
BonrrrAfTLT (b. 1822; d. 1890); and “The 
TwoRiwa'S. ’ by James ALBKRY(b. 1838 ; d, 1889). 
C’omtHiy Ughtemxi into burlesque and extrava- 
gaiiEa on the one hand, the work of Planch^, 
the brothers Broitom, Henry James Byron, 
and others : and on the other, into sparkling 
operas, of which those composed by Sir Arthur 
Suluvan (h. 1842 ; d. 1900) and William 
ScHWENCK Gilbert (h. 183H) are incomparably 
the liest. 

While com'xly was degenerating, the purely 
literary drama was recauving som^ noteworthy 
additions in “ Strafford,” “ A Blot or. the 


’Scutcheom” “ The Return of the Druses,** and 
“Luria,” by Robert Browning (b. l8]2;d. 1889); 
the “ Queen Mary.’" “ Harold,” “ Becket,” and 
“ The Foresters of Alfred Tennyson (b. 1809; 
d. 1892) ; and “ The Queen Mother.” “ Rosa- 
mond,** “ Atalanta in Calydon,” “ fliastelard,** 
“ Hothwell,” “ Mary Stuart,” “ Erechtheus,’* 
“ Marino Faliero,” “ The Sisters,*’ “ The Tale 
of Balen,” and “ Rosamund, Queen of the 
Lombards ” of AixiER.voN (’harles Swin- 
burne (b. 1837); the ” Dcmeter ” and other 
plays of Robert Bridgfj4 (b. 1844) ; the “Scara- 
mouch in Naxos ” and a notable version of 
Cop|M*e’8 “Pour la (ouronne” of Mr. John 
Davidson (b. 1857) ; and the “Cosmo de’ Medici ” 
and “The Death of Marlowe” of Rkiiard 
Henry Horne (b. 1H(13 ; d, 1884). At the present 
time, where the English drama is not a reHeotion 
of ('ontinental authorship, it is indehUxl to two 
working playwrights in particular, Mr. Arthur 
Wing Pineiw> (b. 1855), author of plays as dis- 
similar as “ Swwt vender ” and “ I>*tty ” ; 
and Henry Arthur Jonf.s (b. 1851), author of 
“ 'Hie Silver King ” and “ Tlie Liars.” 'fhe 
plays of these two dramatists do not indicate a 
ver\' high (one in the society which they depict. 
With the drama of Mr. (^korce Beknakd Shaw 
(h. 1859) the young student mn'd not be greatly 
concerned. Quite distinct is tiu' work of Mr. 
Stkuhkn PuiLLirs, whow» “ HeriKl” marked the 
clow* of the (’t*ntury with a note w hich awakened 
aspirations after lK*tt<*r things. 
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by Henry Arthur Jones. The Wt>rks of Bintm, 
Shelley, Browning, and Tennyson. Mr. Robert 
Rridffes’ Playg are pubitshetl iiie|*arately ; so are 
Mr. UineroV. 


Ctmiinutd 


1152 



PRIZES IN SCIENCE & COMMERCE 

Commercitl Aspect of Research and Heroism. The Cultivation of Rubber, Tea and 
Tobacco. Future of Pasture-farming:. Science in the Bakehouse and Machine-shop 


Group 17 

IDEAS 

8 


Iroiu 
(MHt* WC 


By ERNEST A. BRYANT 


I F we could have a tabulated list of the callings 
* from which men and women have realist 
w'calth, the result would be surprising. We 
should miss the names of some of the greatest 
men in the history of science ; the names of many 
who have addtxl new territories to the map of 
civilisation ; of men whose discoveries in medicine 
and surgeiy and in philosophical research are 
inscribed in imperishable characters in the sU»r> 
of human progress. • 

The Roll-call of the Wealthy. The man 

who conquers plague and pestilence may not Ik* 
nf the company ; but the man who devises an 
instrument for the w’holesalo destruction of life 
will lie then*. We may look in vain for the nam(*H 
of Milton and Bunyan, Defes* and fJoldsmith. 
Johnson and Lamb, for Haydon and LawTtmci* 
and Watts, but wa shall tind the names of men 
who hav'e contributed to the commonplac^es of 
life. It is sadly inevitable that among our 
grandest figures who have put forth great, heroi< 
effort for the good and betterment of humanity . 
there must Ik* those who, poor and sad, have onl\ 
at the last to U'g that they may lie, as Brownin;!' 
makes Paracelsus plead to lie, 

“ Within some narrow grave. 

Not by itself — for that would 1 k» too proud — 

But where such graves are thickest. " 

Happily, in our list we should have also our 
her(H*s who had won reward, as the world views 
regard — reward in material gain. That man 
who hy his discoveries and inventions iniTeases 
the common store of wealth and happiness is as 
much a hero os the man who succettsfully com- 
mands an array and comes to Parliament to 
ennobled and endowed w^ith wealth. Still more 
a hero is he w'ho rises early and takes rtist laU* 
to devote his life to problems whose solution shall 
render his fellows more and more immune from 
the ills to which flesh is heir. The history of the 
laboratory thrills with the stories of health 
sacrificed — aye, of lives innumerable given by 
tht ‘80 s«‘lf-denying sons of science. It is good 
and encouraging to find even thetw^ uns«*lfish ones 
represented by a few in the catalogue of the 
fortunate. I>r. Roux is awarded the Osiris prize 
of £5,0(10 for his scientific labours in bacteriology, 
more particularly in regard to his successful work 
with the anti-toxin for diphtheria. A new' 
explosive, or a new* quick-firing gun would have 
brought him twenty times as much ; but there 
is encouragement in the prize. Harvey was not 
one penny the richer for making the greatest 
discovery in the history of physiology — the dis- 
covery of the circulation of the blood. 

Facilltiesfor Scientific Research. The 
modem tendency is to assist w’ith liberal band 
the man engaged in work of such importance to 
the world. Wealthy corporations, established 
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for quite dillert*nt purpost*s, now make {K*cuniarv 
grants, and funds and associations exist sol(*ly 
for the encouragement of scientific research, ft 
is not unreasonable to hop** that thi* day hos 
finally passed for the scientist to l«* cum|M‘lled 
to sp(*nd his laborious days in |K'nur\. 

A War for Humanity's Sake. There is 
HO much for him still to do. Every outbrt^alc of 
influenza means the sacrifice of mon* lives than 
would result from cholera, plague, or war. We 
track the malaria - carrying mosquito to hh 
breeding ground in the* sw'amps and marshes, 
the puddles and mud-holes of ill-paved towns. 
Having tracked him, we are able to exterminate 
liim. Science traces the birth of in(iu(*nza to a 
not disHimilar origin — to wsUt stagnating w'ithin 
the eracks in the earth's surface caused by 
long pn‘ceding drought. Within the rifts thus 
')|K*ned is some mysterious poison which is 
libc'ratiid when the sun dries up the water by 
which it has In'on absorlM*d. So far science hoc 
taken us ; but it has ntit Is^'n able to step in at 
the fountain h(*ad of the mischief and say, once 
and for all, that then and there the mereilesd 
alHiciion shall cease. No ; influenza once startf*d 
on its fell career swcTps the w'hule world — north, 
M)uth, east, and west. Within the memory of 
almost the youngest who n‘ad this paper it has 
roblx'd two thrones of their heirs — the thrones 
reH|H*c lively of (ireat Britain and Ikdgium. We 
know how to deal with the efTeets, though the 
terrible death-roll from an influenza epidemic 
shows that we cannot he (uTtuin of suceoss in any 
single case. We certainly do not know how to 
deal with the eausi*. Wealth and the gratitude 
of the w'hole world aw'ait the man who can give 
us immunity from this ri(*adly enemy of the race. 

What Science Has to Find, ('onsider 
next a smalh'r subject, but one of great im|M)rt 
ance to England. In spite of all that our great 
chemists have bwn af>le to jK^rform in synthetie 
chemistry, they have btKjn utterly baffled, so far. 
in their attempts to find a sulwtituUi for lead 
in the glazing of |K)tU*ry. This, pc^rhaps, may 
nut s(K*m to poMHCKH any sfiecial significance for 
the man or woman w'ho buys the goods. But the 
question is one of life and death to thtiso engaged 
in producing the ware. Lead-poisoning is the 
great enemy of those who glaze the pottery of 
commerce. A Royal Commission inquired into 
the subject a year or two ago, and presented 
a carefully consid<T(*d rcfiort. Tf»e result was 
discouraging. No one can, as yet, d«*vise a sub- 
stitute for the load comi>ounds necessary to the 
process of manufacture. Either the use of the 
lead must continue, or the industry must be 
ruined. If English potters do not manufacture 
this class of ware with lead as a constituent, 
foreign firms will. Here, then, is a field for the 
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chemist of to-morrow. Manufacturers would 
welcome and richly reward the man who could 
give them the requisite formula to take the place 
of the hcalth'df^troying lead^ and the many 
toilers who now jeopardise their lives by the 
present methods would heap blessings upon the 
nead of their saviour. 

Improwing on Nature. Having resolvixl 
into its original elements the jiartieular 
material^ upon which his attention is fixed, the 
synthetfe chemist can, as a rule, build up in his 
own laboratory an excellent imitation of the 
original. Bv a slight re-groujiing of the elements 
be can largely change the character of the result. 
Between what he can do in the matter of a sub- 
stitute for this lead-glaxe and the exact com- 
pound he irctually wants there may 1 h* but a 
little link missing. So long, however, as that 
one link is lacking, so long is the 'u hole incom- 
plete. A similar result is found in other fields. 
One of the greatest of new industries is to In* the 
Hcientifir cultivation of ruhlxT. lentil compara- 
tively reeently, we left the jirovision of this 
suhstanoe entirely t<» Nature. It was very dear ; 
the supply was not of dependable imth^rm 
quality ; but nuTchants had to In-ar with it os 
it was, th<iugh d('claring tlu'mselves ready and 
willing to pay fifUnm per cent, more all round 
if they ct»uld hut r<*ly ufKin ruhlKT of level 
excellence. 

Hert% then, ohvi<»UMly, was the«opport unity of 
the synthetist. He makes indigo and a t housand 
other things for which hitherto we have had to 
goto Nature ; why not ruhU'r 1 There was a 
curious diftieulty. As every schoolhoy knows, 
the ruhlsT is drawn in fluid form from the tree. 
It might s«M*m that if w'e can bring jw'aches 
and grapes from the other side of the world with- 
out so much as disturbing their bUnmi, it ought 
not to Ik' imiHisHihle safely and swurely to 
transport this sticky moss. But again and again 
the atUnnpt to get it over b) Eurojx'' was hafticd. 
The comjKMiition changes w hen the latex has Unm 
drawn from the tree, and upon arrival here is 
quite different from the fluid which the native 
artificially coagulated in the dejiths of the 
African forest. As the ruhlaT would not 
come to us, we have had to send rntm to the 
rublK'r to investigate it where it grows. 
This has Unm done, and operations to this 
end are still Ix'ing carried out with exemplary 
thoroughness. 

A Too Cootly Succom. Can we now 

produce rublier artificially ? The answer is in 
the affirmative, but with a qualification. (Wl 
Otto Welier, whose recent death is a great loss 
to the rubber industry, on which he was the 
foremtwt authority, did Uke it to pieces, as 
it were, and build up an artificial rubber. 
Possibly it was as good as the average original, 
but no purpose was served : the copy was more 
costly than the natural product. What the 
young chemist has to do is to follow up the 
investigations of Welier and perfect a system 
for a chea]p supply of the artificial article 

Meanwhile, those who fecJ that their future 
lies alwoad may with j^fit study Uie question of 
rubber cultivation. The demand for rubber is so 
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enormous that it can no longer be left to hap- 
hazard supply. In South America and other 
pla<«s, particularly in Ceylon, the cultivation 
of the niblsT-troe is liecoming a fine art. Tea 
supplanted coffee in Ceylon ; now rubber is 
challenging tea. Here it grows to perfection, 
and careful husbandry yields handsome profits 
to the grow'cr. Whereas a few* years ago the 
quantity required for England w'as measured 
by hundn^weights, now the figures run into 
many thousands of tons each year. Thousands 
of patents exist for nrtick« made or fitted with 
rublx*r. T6 the physician and surgeon it is 
indispensable ; it is the only sulmtance in the 
w'orla which makes a permanently silent road- 
way ; it is the only thing which makes riding 
pt^ible by bicycle, motor, f>r cab ; and, to go 
still further, it is the one substance upon 
which depends a firm from whom are due 
a million and a quarter tobacco pouches every 
year. Yet, in spite of all the trade in this 
rublier, extensive scientific culture is still 
rt'latively a new* thing. 'Fhe man who finds a 
new* trat't of rublxT-triH's in lioliv'ia claims it 
like a gold-mine. This is an industry w*ell 
worth the study of the man who listens to the 
call of distant lands. 

Supplying the World** Teapot. Tea- 
planting is another such indui^try*. Men who 
visiUMi India and Ceylon years ago. and reme'm- 
lier the methcxls of dry’ing by hand and the 
clumsy manipulation of the whole firwess of 
old days, an* amazed now* u|K)n revisiting the 
country to witness the improv(‘nu*nts ami econo- 
mi(*H efTecti*d by tlui introduction of machinery. 
They ste, moreover, that finality of improvement 
has not by any means Inxm rt'achc*d. Tea-growing 
IS a subjtei in which Britons, of all m(‘n, should 
Ik* interested. The United Kingdom eonsumw 
ea< h year more tea than all the rest of Euroix^ 
and the United States combined, the total reach- 
ing no It^ vast an amount than 256.(KKhOCK) lb. 
for a single year, n‘pres<‘nting over (i Ih. of lea 
jH*r head of jK)piilation. With so huge a quantity 
consumed, we ought consisWntly to follow* out the 
argument that then* is no waste in chemistry, 
and U* able to show that the sjxnt leaves of the 
tea are tumtxi to some at'count. That may. 
perha|.»s, bt* of the future. It is more easy to 
distribute U*a than to collect the leaves. 

ITie same principle applies to tolmcco. The 
finest manure for this plant is tobacco ash, 
which simply n«t<»rt*« to the earth the mineral 
properties of which it has l>een exhausted by 
pnxlucing the tolmeoo. .\cute cultivators have 
noted an interesting little sum in recipnx^ity 
in this conmH'tion. Four ixmnds of tobacco 
yield one }X)und of ash ; one pound of ash, 
placed as manure ujxm the land, aerves for 
four more pounds of tobacco. Two million 
acres of the earth's surface arc under tobacco 
cultivation, and that area is capable of infinite 
exten.Hion, for tobaci*© will grow in any climate, 
though, of course, the tropics are most favour- 
able to the best crt>ps, as is the case with 
rubber. From both plants the seeds are care- 
fully collected, which, in the latter case, is 
a modem departure 
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The Future of the Posture. Tlib 
leads to another consideration, bringing us homo 
to the pastures of the homeland. It would b© 
hard to-day to convince the farmer that motor 
traffic will ever seriously comj>ete with the horse 
which he so well loves. It was not less difficult 
to persuade our fathers that the locomotive 
engine would drive the great luml>ering coaches 
off the roads. Trains might run. they agreed, 
but they would never be dra^n al>out the country 
by engines ; they would be “ wound ” along 
the lines by pulleys and ropes from point to 
point, after the fashion which men still living 
reraeml)er to have scH*n on Lomlon railways. 
But the locomotive did come, and did conquer; 
and the motor has come, and in turn is conquer- 
ing. Tlien*fon\ horses, while they will never 
disapp(*ar from all classes of work, must in 
course of time greatly diminish m nuinlM'rs. 
Tliat is serious for the horse Ijmsler. It is still 
more threatening to a larger industry — to 
agriculture. 

Who shall find a market for hay and strau 
when the motor replaces the horse ? Ev(‘n now. 
with many horses to f€*ed, there is. in the case of 
a favourable summer, an excess of clover hay 
in the country. What is to linp|M‘n when f<‘W(‘r 
horHC‘8 require fodder ? The last man whom 
the average farmer would think of consulting 
is he to whom he will have eventually to turn 
the chemist. 

Not everything is jKwsilde to the ehtunist. 
Pertain economic* diffic'ulties remain iiLsujM*rabl<* 
even to the scientist The conversion of the 
balanc'e of hay and straw into comruerc'ial com- 
mcKlities would not l)f‘ eheiuieally im|)<esibh‘. 
ITie difficulty wliich den's Imflle him, howev<*r. 
IS that of c'ost. No mattc'r how ingenious his 
methrxis, the chc'mist cannot command succm'hm 
for uncommercial enterprises. Straw and hay 
may l>e of the best quality, and c*nmprehensiv<* 
of virtue's innumerable, but the price charged 
for transporting it from the fann to tlie town, 
and of storing it there, is so excessive as to 
make' nianiifacturers' ventures with thc'se pro- 
ducts as constituents highly unlikc'ly. Other 
means must, then, l>e sought. 

The Chemist to the Rescue. He 
w ill have to discover new' methcKls of eombinirtg 
the surplus hay with other suljstiinc’C'S ns a fotxJ 
for fattening stork. Instead of growing c lover 
for horsi*s, farmers w ill grow’ it for cutth*. What- 
ever he may do with ourselves, the eliemist 
will never fcH'd sheep and bullcx-ks on a tabloid 
diet. There must be bulk as w'ell as nutriment 
for stock. Hence the cattle must have tbeir 
goexi. weighty foclder, and the farmer will have* 
to grow it for them. The disappearance of Ihc' 
horse, then, viewed from this standfKiint, will 
not I)e of serious moment. The net result will 
be to benefit the agriculturist. With new 
means devised for feeding cattle, with British 
c'rops as an essential basis, money will lie kept 
in the country which now goes abre^ for f€*c*djng- 
stuffs — for which we pay yearly an enormous 
sum. The outcome will be to place more stock 
upon our pastures, and out of threatened evil 
good will come. 


With foodstuffs in mind, it is not inopportune 
to refer to an article of a different character. At 
thc» prest'nt monumt England stands pre-eminent 
for nor biscniits. No other country can even 
distantly approach her. nor, with ho^ie of suc'c'C'ss. 
enter her markets. She supplies the biscuits of 
practically tlie whole world, and lias done so ever 
since bisc'uits first w’cre. But here is a trade 
which has found it necessary, in spit^' of its 
strong position, to kcH'p abn'ast of the timers. 
For every variety of hiseuit whic'h the c'onfc'c- 
tioner sold a doy.c'ii years ago. theie arc' now a 
score. One of the most popular of the innova- 
tions is the flavourtHi hiseuit. 'Hus is thc^ line 
along which the dovelojimcnt of the future has 
to come. Excellent ns have Is'cn tlu' n*sults 
already attiiincHl, Ixdtt'r are U*ing souglit, and 
then' is still room for improvi'inent. 

Science in the Bakehouee. Accord- 
ing to a vi'ry eminent authority the biscuit- 
making trade taken not, of course, with 
refereni'c to any one branch, but ns a whoh' 
does not so t borough ly appreciuti' the value of 
essences niul flavourings as it luiglit do. With 
the makers of essences and superior son|) tlu* 
study of essences, witli all llieir hlciulmgs and 
other poKsibibt u'S, is a tine art. 'I'lie hiseuit -maker 
needs a laboratory and a elK'iuisl . Berbajm some 
faefories are already ('quip|s*d in this manner; 
if so, they ni'i'd not fear an extension of tbi' 
principle. For tlwre is rivalry to come. See- 
ing that England has so long led m the manu- 
facture of hiHcuits, naturally her machinery is 
the Ix'st at present miid(\ Slu' is not iongiT to 
H'tain unehallengi'd the ]m*hs<'hhioii of sia'h 
advant4ig(‘s. At the present, tune, in .\nieriea 
and elsewhere, manidaet iirers an* setting up 
British mnx’hin<*ry for the piirpow (»f eoiiijM-tiug 
with tho Old Country. 'I'liis maehinery has 
to pay a duty of to jx'r cent, on entering the 
('nit<*<l Stat<*s. whereas, rd eoiirs<*, miiehiiu'ry 
huilt there by American firms pays nothing. 
In spite of tliat. however, the English ninkers 
are kept busily enifiloyed in laying down plants 
for our future rivals. 

EnglUh Experts for America. As they 
get tho machinery, the Amerifans ask for men. 
** Send us exfHTts to ojK'rate Ihew plants. " 
they are saying. When* are tla* exfH*rts ? 
England has not one to spare ; she ne^nls 
more for her own works. 'Khe man who 
is qualified from thii eheniieal standpoint and 
from — for Im-k of a Is-tt^T term - the (*(M>king 
standiKiint, is an exi’eption. V'ery projsrrly, 
British firms kix-p their tnule s^HTets. and no 
man is at lilsTty to dispom* of them, d’he trade, 
however, will have to Ik* studii-d from a different 
Htand|>oint. England cannot compare at present 
with the (Vmtinent in the matU*r of exjMTt 
knowledge of essences and flavourings, sfi that 
w'hile she has the Ix*st of prax’tical bisc'uit- 
makers, she has to fear the exfK*rt theorist who 
will impart his know ledge , to the pro^'tieal 
baker. 

Every student of industries must have ofi- 
served to what a remarkable extent tradijs 
nationalise or hK-alise themis'lves. A hundroti 
different trades have tut many diutiiiet an;as 

1155 



lOCAt 

tn Ixmdon. In the province* you find cotton 
in l^ncA«tiirc. wool in Vorkubire, boot* m 
MorthifcmptonHhire, lace in ^Jottin^liamahire. 
BtnW’ plaiting in /icdfordHhire, hcmiery in Ltcicen- 
tcnihire, ana ho on. The constant effort of 
nations, as of local authorities^ is to introduce 
md foster new mdn>tries. Japan, during the 
last forty years, has made herself a great in* 
dustrial, as well as warlike, power solely by 
this means. Every modem art she possesses 
she has acqui^(^d by copying from the West — 
by sending students abroad, by getting English- 
men and Germans, and American and French- 
men there. We in this country profiUid by 
unsought advantages of a like kind long ago. 

Our Beneficent Invaeione. Si. 
Bartholomew’s Eve help<?d almost incnxlibly 
to make us the lirst commercial nation of the 
world. I'he Huguenot ndugees, fienung to 
England for asylum and refuge from the bloody 
tyrant by whom their (heaths had Iswn decretni, 
brought with them the peaceful arts of which 
they were masUTs. And that W’hich they knew 
they taught in England. They brought with 
them anti (mtahlislu'd here the woollen, worsUid, 
and naj>ery industries, silk-w^eaving, tapestry, 
dyeing, glass-making, pottery, and paper-making; 
they gave us men of light and leading for the 
(Church, statecraft, and the I^aw'. gallant men 
and skilled for the Army snd Navy, artists, 
pot^ts, men of lett^Ts. 'Pfie pea<H'ful inviisions 
to which now' and again W'e are subjected 
assume a differcnl form. 

We, like «)a|mn, have again and again to 
Wtnitemims 'I ne Amera'ans eaust' us to re- 
model our inethtMls of making l>ootH and matches 
We have to Im' eontent with ty|>i*wTiters of 
their make, with their calculating machines, 
their elw^trical inventions, their dictionaries, 
and, very larpdy. their furniture. We an' 
alKuit to moch'I our building mcthcHls upon 
Uieirs. If w'e do not, they will do the building 
for us, as indiHHl they have done in more than 
one instanc*^' already —notably at ManohesUT, 
and in the eU'Ctriticalion of the London District 
Railway. If only another Yerkes w'ould come 
to take in hand the Port of London, the ractro- 
pt>hs might hoiH'. The spiriUKl manner in which 
ihiwii^ industrial invasions are met and countertHl 
— for Englishmen of dash and genius carry the 
war into the heart of the enemy's camp at 
timtw-— shows that Britons have not lost their 
old adaptability, their jxiwer easily and rapidly 
to conform to new demands and new con- 
ditions. Tlie old Uieory that once a nation is 
mistri'ss of a c<*rtain "industry she shall for 
ever rt'main mistrAis of that industry' is break- 
ing down. IncreaM^d competition by rivals, 
who hut the other day were mconsiderahle, 
has taught England a lesson by which she has 
not Inn'll slow to profit. 

The Ne v Spirit. The need for this 
modernising of method was expressed by King 
Edward, a*« Priiun' of Wales, in a notable speech 
deli^'crt'd in Ixmdon some jn^ars ago : •‘Hitherto 
English tisM'hing has ndied chiefly on training 
the intellet'tua! faculties, as to adapt men to 
apply their intellig.mw in any inrupation of life 
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to which they may be called, 
diwipUne of the mind has, on the whole, been 
found Kuffieient until recent times; but during 
tho jMt thirty years the competition Ot other 
nations, even in manufactures which were once 
exclusively carried on in this kingdom, has been 
veiy' severe. The great progress that has been 
made in the means of locomotion, as well as in 
the appUcatioD of steam for the pui7X)e^ of life, 
has distributed the raw materials of industry 
all over the world, and has economised fime 
and laV)Our in their conversion to objects of 
utility. Other nations which did not possess in 
such abundance as Great Britain coal — the 
source of power — and iron — the essence of 
strength — compensated for the want of raw 
msterial by the technical education of their 
classes, and this country has, therefore, seen 
manufactures springing up everywhere, guided 
by the trained intelligence thus created. Both 
in Eurofie and America tf*chnical colleges for 
teaching, not the practice, hut the principles of 
science and art involved m particular industries 
have l>een organiM^d in all the leading centres 
of industry. England is now thoroughly aware 
of the mx'essity for supnlementing her c'duca- 
tional institutions by colleges of a like nature. 
Most of our great manufacturing towns have 
either started or havt* already enH'ted their 
colleges of science and art. In only a few 
instanees. however, have they become developt*d 
into HchiKils for sysUmiatic instruction.” 

National effort has to lie regardtxl as 
(wsential. Hitherto pi^rsonal initiative has lieen 
mainly tho factor. The success of personal 
effort makt's us hopeful for the ii sue of scheme's 
foundt'd upon a broader base. The result of 
the work of men of modem ideas in spt'cifie 
industries may bt* traced in many directions. 

Revolutions In Industry. What basinesa 
man could afford to dispense nowadays 
with a roller- top desk ? That is, supposing 
he has ever list'd one. All thost' desks 
came originally from America. The idea 
was not new. In the homes of many of 
us there are old-fashioned bureaux with the 
flexible lattice top. It was the application of 
the idea which was new. Tliat was American. 

It required sj^ial machinery ; that, too, was 
American. For some time the Americans 
completely dominated our market for these 
desks and similar fumitura for the office and 


the library and study. English cabinet-makers 
havi' taken the li'ason to heart, and to-day, 
by the aid of new’ and excellent machinery, are 
sw'eeping the American manufacturer out of 
the market. New machinery has been laid 
down in many of our great boot manufactories, 
and the result again is the extinction of American 
goods. The English manufacturer has only 
to give his mind to the accomplishment of 
reform ; the result is assured. The best 
English work is still incomparable. We shall 
later on, trace other important industries in 
which similar revolutions are in progress, and 
}K>int finally to directions yet open to men 
with initiative and industry. 

Ctmiinufd 



CARBON & ALLIED ELEMENTS 

Group 5 

CHEMISTRY 

Its Forms and Simpler Compounds. The Allies of Carbon : Silicon, Tin, Lead. 

8 

Nitrogfen and its Related Elements : Phosphorus, Arsenic, Antimony, Bismuth 

( <»|tl W>Mryl fn>m 


I**!*! 


By Dr. C W. SALEEBY 


Diamond. The diamond is almost abso* 
lutely pure carbon. Its nature was proved by 
the celebrated Frtuich chemist Lavoisier, who 
succtH‘ded in burning diamonds, and proving 
that the sole product of their combustion was 
carbonic acid (CO^.). We know now also that 
if the diamond Ik? raised to a white lu'at m the 
absence of oxygen, it swells up. and is trans- 
formed into a black mass, which is practically a 
shaj>ele88 lump of charcoal. Diamonds M-hich 
are not |>erfectly white owe their colour io the 
presence of oxidt»8 of various metals, sucli as 
iron. Diamond is the hardwt sulistance known. 
It occurs in many crystalline forms, but th(‘v 
are all derivi'd from the culie. The j)ro|H*rty 
which gives it its fx'culiar Iwaiity is its very 
high power of refracting light — that is to say, 
bending rays of light, and, incidentally, breaking 
them up. [See Optics, in the course of Pirvsu s.J 
Diamonds are most abundantly found at the 
t'afK* and in Braz.il, but formerly they wen* 
only known in the D(‘ccan in India. "J’lus hard- 
n<*ss of the diamond gives it a practical use as 
an instrument for cutting glass and for drilling 
rocks. 'Hie value of diamonds is variously 
stated to increase as the square or as tlie cuIm? 
of their weight. 

Graphite. (iraphiU* isthes<‘cond allotropie 
form of carbon which we have to consider. 
It (K'curs in (‘ornwall and (’uml>erland, in tin* 
l^nit<*d States, and elsewiiere. The carlxm 
which st»parRtes out from cast iron when it is 
slowly cooled is graphite. It crystallises in the 
form of six-sided plaU*s. Apparently in order 
to confuse the student, graphite is knowTi by 
two names which attempt to fiersuade him that 
it consists of lead. These are blarklead and 
plumltago. liesides its use in making pencils 
and blacking grates, graphite is also employed 
for the making of moulds for iron casting, and 
is also mixed with fireclay for the making of 
crucibles. 

Charcoal. Charcoal is an amorphous 
form of carlxm, and is obtained from tw<» 
distinct sources. Animal cJkarcoal is obtained 
from Iiones by heating them in the absence of 
air, and is thus also known as bone-black or 
bone-charcoal. It, however, is an exceedingly 
impure form of carbon, a very largo part of it 
consisting of phosphate of lime. It has a 
peculiar affinity for colouring matters, and is 
used in the process of refining sugar so as to 
remove colouring matter from it. It is also an 
izigredient of blacking, and is employed as a 
pigment. I^ampblack is another impure form 
of carbon, which is obtained by the imperfect 
combustion of oil, and is also us^ tui a pigment. 


Wood Charcoal. This is made by charring 
wckkI. It is far from pun*, hut contuiiisa niucli 
larger projMirtion of carbon than does animal 
charcoal. The time-honoured way of preparing 
it is by piling the wikmI in a heap, covering it 
over with turf, and then setting it on fire. The 
result i.s a niimlier of lumps of wood charcoal 
which ndain the original sliape of the pieces of 
wood. It is an ingredient of old-fashioned 
gunpow'der. mixed with sulphur and nitn* or 
salt|H*tre. the nitrate of jM>tassium. niis form 
of carbon has a }M*culiar ph^'sical prom^rty ; it 
IS <‘xtn*mcly porous, and thus will hold a larg<i 
quantity of gas ; but mort' than that, it has a 
power, hitherto unexptaiiUMi. of condensing giisiw 
on its Kurfaia* and in its substanci*. .\ given 
quantity of wood charcoal will absorb or is’cliide 
an amount of gas which would otherwisti occupy 
hundreds of tim»‘s its own volume. WotaJ 
charcoal is thus a deodorant, having tlic power 
of removing liad smells ; but it is also in somo 
measure a disinfectant, for it accumulates 
oxygen in its ]>ores in a highly condensed and 
therefore very active form, by which ini'ans it is 
enahl(*d, so to speak, to Inirn up inicrolK's and 
bring their life to an end. 

Gaa Carbon. .Another variety is gas 
carl)on — porous, greyish black, and excei*dingly 
hard — wdiich is di-positcd in gas retorts during 
the procc*ss of making gas from coal. The coal 
gas consists largely of compounds of hydrogen 
and carlion. and it is from tbes<* tliat gas 
carbon is ol>taincd. It also is ami^rphous. 

Coal, (’oal is one of the most important 
forms of carl)ori, of whicfi it C(jnlains from about 
70 )MT cent, in tlie poorest forms of coal up to 
97 JST cent, in anthracite, Anthracit4^ coal is 
a din*ct product of the activity of chlorophyll, 
the substance wliich we mentioned in the 
last s«*ction. It consists of the carlsin 
remains of certain forms of giant ferns which 
flourishwl upon large [Kirtions of the earth’s 
surface many geological ages ago. Coal is the 
charactcristio constituent of the geological 
stratum which is known /is the carUmif/'rous. 
[See Cbouxiy.] There is gwHl scientific ground 
for the pcK^tical d<*scription of coal as “ buried 
sunshine ” ; for the activity of the chlorophyll, 
to which it ow<« its formati/m, dt^nds entirely 
Ufion the action of sunlight. When coal is 
heated in the absence of air, os for instance in 
the manufacture of coal gas, we obtain not only 
the gas car lain which is deposited on the upjKjr 
surfaces of the gas retorts, hut also the jiroduct 
which we call coke. This by no means consists 
of pure carbon, but it is very much purer than 
coal. 
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The briefest reference may fie made to aome 
very intcrt^linK exjR*riment« fiy Sir Jamea 
Dewar iifion the Udiaviour of the varioua forma 
of carbon at extremely low' fa* rat urea, 

i5apeoially in relation to their power, already 
referr<*d to, of (deluding j?aa<*8. He tinda that 
when charcoal, for inatance, ia immci-aed in 
liquid air, ita jKiwer of aliaorption ia 

extraordinarily inor<‘aat*d. We have yet to 
n*a<di the explanation of theac, and <‘fnintl<*a8 
other facta, which tadong to th<- new acii'ncc of 
phyaical chemiatry. 

Oxides of Carbon. Carlxm forma two 
comjHmnda with oxygen, hotli of which are of 
great imiMirtance. The aim pleat ia know n aa 
mrhftn momiridf', or mrhnnir oxidr^ and haa the 
formula CO. It ia an odourleaa, taatelcNH, 
eolourlcHH gaa, and ia pnaluced in nature when 
carlMin ia burnt with an aniount of oxygen 
which do(*a not auffice for ita comjilete oxidation. 
For. w'hen carlKui ia completely oxidiaed, there 
ia produced the auhatance known iw carbon 
dioxidi', or carUinic acid, which haa the formula 
(’O... (^arbonic oxide may alao lx* formed by 
rmluction of <*arhon dioxide by meana of rod- 
hot carbon, accorrling to the equation 
('(), ^ C l>CO. 

Tliia pnK’caa may 1 m* obaerved in a hot fire, 
and ia of irnfiortanee, iK^cauae it o<*curH in coke 
MpivcH. In an ordinary fire, the coal which la 
near the front, and thua reccivca abundanct* of 
oxygen, tindcrgiu^a complete* combuation, and 
yielda carbon dioxuh* ; but aa thia g»ia paaaeK 
^lackwarda over the n*d-hot coal at the back of 
tin* tire it ia n'duced, according b) the above 
e(|uation, and yielda carbon monoxide; but aa 
thia ariaea it met*ta with a lH‘tt<'r aupply of 
oxj'gen, and ia itaelf burnt to form <‘arbon 
dioxide again. It burna with a hliK* Hamc, 
which may U* conatnntly a<H*n in a very hot 
tire or a charcoal atiivc. 'rhe fiirmation of 
carlMUi monoxide in this fashion is a very 
friMjUcnt caiiHi' of death abroad, when* charcoal 
ia frequently burnt in rooms insuflicieiitly 
ventilateil. 

Now. wby is Ibis gas |H)isonons ? We are 
able to answ'er tlu' ((uestion v<tv pr<*eisely. 
('arlM)nie oxide is poisonous in a H|M*eial wnst*, 
as t'arlHiii dioxide is not. iHM’ause it is capable 
<»f combining with the haunoglohin of the hloiKl. 
which was mtuitionc'd in our discussion of iron, 
(^arlsmic oxide forms a very tirm union with 
hamioglohin, yielding a comjHmnd which has a 
very bright rtnl colour, and gives a characteristic 
tint, which has Ikhui descrilied as cherry rtHl, 
to the bhKxi of )H'rsons jioisoned by this gas. 
This comjHmnd is a very tinn one. and it 
prt'venls the hiemoglohiii of the blood thus 
tieeupitHl from jH^rforming its pro|H'r function 
of carrying the oxygen of Uie air from the lungs 
to the tissues. Thus the fiatient dit^s of a kind 
of suffocation, 'llie espi'eial danger of this 
gas is that its aeoumulation in a room offers 
no w'aming to the senses of smell or taste. 

Carbonic Acid. We may as well at 
once admit that this is not really an accurate 
name for what should more properly be called 
carbon dioxide (CO«). A more accurate name, 
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often employed, but unfortunately calculated 
further to p^uzzle the student, is carbonic 
anhydride. The meaning of this last word 
must be explained. An anhydride (w'hich 
really means not water) is an acid from which 
have lieen removed the elements which corre* 
spend to the constitution of water — that is, in 
the projKirtion of two atoq^ of hydrogen to one 
of oxygen. The name carbonic acid should 
prop«*rly lie confined to the union of carbon 
dioxide and water. If wc combine the two 
formulas, H ,() and C’O., and write the product 
w ith the hydrogen first — as we usually write the 
name of an acid — we get the formula H 
and it is this substance to which the name 
of carbonic acid should projierly lie confined. 
This su Instance is not a mere chemical fiction ; 
it has a real existence, though it is very unstable. 
If earlnm dioxide be dissolved in water, we find 
that (his substance is present. In the first 
plax*e, such water has a very faintly acid taste — 
the tiuite of soda-water ; in the second place, 
it is like an acid in its action on litmu.s pa|ier. 

L»itmua. Litmus is a vegetable substance 
which is prepared from certain lichens, and 
acts as an extremely d(‘licate test for the jirt^cncc 
of acids and alkalies. A solution of it in water, 
carefully prcpart‘d so that not a trace of fm* 
alkali or frtn* acid is present, has a violet colouf, 
and hl()tting-}>aper may lie iraprt‘gnated with it. 
If. now, such litmus pajMr, as it is called, lie 
expoH(‘d to the faintest trace of frci* acid, it 
immtKiiatcly turns red, but if to the faintest 
trace of free alkali, it immediately turns blue. 

Carbon Dioxide. We are entitled to 
conclude, then, that the solution of carlion 
dioxide in water is more than a mere solution, 
and includi*s a true acid H^(’0 to which, if wc 
were to Ik* strict, wc should have to confim* 
the name of carbonic acid ; but as sinm as 
the water is heated the aeul is broken up and 
earlwin dioxide, or carbonic anhydride — we 
now see the reason for the name— is given ofT. 

This most important substance is a eolourU*8s 
giis, all but fnn* from smell and taste, and is 
normally produced by the comf)let<* oxidation 
of carlsm. This is true, whether the carlion 
Ik* coal in the firephicc. or earlKin comhintMt 
in living tissues. Every living thing, from 
microbes up to man, incessantly t>rcKiuces carlnm 
dioxide as the consequence of its life. The gas 
is also produced as the rt‘sult of the dt'composi- 
tion of dead organic matter. It is found in coal- 
mint^ also, and as it will not support life con- 
stitutes a source of great danger to the miner, 
who calls it choke-damp. It is also produced in 
minea as the result of expkviions of another gaa 
called fire-damp^ and then the coal-miner calls 
it after-damp. This is resixinsihle for the loss 
of many livH^. The gas is heavier than air, and 
thus accumulates in the lowest parts of coal- 
mines, old w'elU, and the like. Tlie most con- 
venient teat for ascertaining whether it is safe 
to descend a well, for instance, consists in 
lowering a lighted candle and seeing whether 
it will continue to bum. It will, of course, be at 
once extinguished if plunged into an atmosphere 
of carbon dioxide. Upon the wreight of carbon 



dioxide depends the singularly brutal form of 
BOientihe experiment which is performed^ or used 
to be performed, at the Grotto del C’ane, in 
Italy, where a layer of carbonic acid lies upon 
the door of the cave. Thus, human l>eings can 
walk in with impunity, but dogs which art' 
completely immersed in the carbonic acid 
promptly succumb. Hence the name of the 
place. 

Carbon dioxide is produced when we heat or 
otherwise decomt>08t» a carbonate. This w'as 
the famous exptTiment of Jo 8 e{)h Black, whom 
we mentioned in our initial chapter. He heated 
chalk, which we now know to consist of calcium 
carbonate, or carlwnate of lime (CaCO.J. and 
showed that it was converted into quicklime 
w hilst losing an “ air ” w hich had formerly been 
“ fixed " in it. This he therefore called “fixed 
air.” We now know* that it is carbon dioxide, 
and we are able to write the simple equation 
which represents the decom{K> 8 ition : 

Ca(' 0 .; CaO + (X), 

Precisely the same thing hap|H'ns when a car- 
l>onate, such as carbonate of soda, is trt'uted 
with a strong acid. The acid takes to itself the 
base of the carbonate, which in this case is 
sodium, and turns out carbonic at'id, which 
immediately shows itself in the form of bubbles 
of ga.s. 

Carbonic Acid and the Air. Car- 
bonic acid occurs as a constant constituent of 
the atmosphere, to the extent of al>out 
H‘r cent. This latter quantity is regarded by 
lygicnists as alsiut the limit which should Ikj 
st‘t to the amount of this gas fK'rmittcd to iK*cur 
in inhubit<Mj air ; at any rale, the “ physiological 
amount," as it may Ik* calltKl, should barely 
ex(‘#K*d '(M) fK!r cent. The i>rewnee of grt*en 
I)lants IS imfwrtant in mcKlifvmg the }K*reentage 
of earUm dioxide in air. Flowers and filants 
lye iKTietieial in a rfM>m in daylight, for they 
reduce the amount ot carbonic acid in tin* air 
by means of the jiroccss which was bricHy 
mentioned when we were discussing iron and 
chlorophyll ; hut at night they are fKiwerless. 
Day and night, like every other living thing, 
plants breathe, taking in oxygen, giving out 
carbonic acid, and thus tending X<> vitiate the 
air. Cnder the inHuence of sunlight this familiar 
priK-css is more than neutralised, so far os we 
are concerned, by the converse pna'css, but at 
night the plant continui*® to breathe and consume 
the air, whereas its salutary function (?east*d at 
BundowTi, Therefore remove all plants and 
Howc^rs from a bed-room at night. The simul- 
taneous |K*rformance of two exactly opposite 
functions in the daytime is perhaps rather con- 
fusing. At any rate, our case is simple enough. 
Day and night w'e simply add to the earlx>nic 
acid in the air, nor can we regain the valuable 
carbon squandered thereto, except through the 
mediation of the plant. 

Supposed Accumulation of Car* 
bonic Acid. Now, if we picture the entire 
surface of the earth, on which man is so rapidly 
increasing, and if we consider that every living 
thing 18 inceasantlv producing carbonic acid 
Muring its life, whilst the same gas is evolved 
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from its remains after its death, it may seem 
probable that at length all the oxygen of the 
air will be used up and rt'ploced by carbonic 
acid. The reverse action jierfurmtHl by the 
griH'n plant in daylight could delay this accu- 
mulation, hut could not arrest it. Thus the 
imagination has pietunni the last survivor of 
the human race as gasping for air some when* 
on the side of Mount Kvcn*st ; while his fellow 
beings, In^th animal and vegetable, lay drowned 
lameath him in the rising sea of carbonic acid. 
But then* has now Ikhui discovcrtHl a coiiijs'ii- 
satory priWcss. VV’c have rciuson to Ih'Iu^vi* that 
the jicrcentage of carbonic acid in tin* air is 
practically constant everyw here, and at all times. 
Phis is a very fi>rtunate circumstance, for our 
breathing entirely dc{H*nds for its succ(‘hs u|K)n 
the presence of a projMT jM'rcentagc of oxygen 
and a small eiiuiigli jicrccntagc of carlKuiic acitl 
in the respired air. 

The Sea to the Reacue. There is 
every reastm to lu'licvc that it is the sea which 
controls and kH'ps coriMtant thi* amount of 
earlumie acid in (lie air. Sca-watcr contains a 
varying proportion of the carbonate and the 
biearbonatc of magnmium, the latter salt con- 
taining twice as much carbonic acid as the 
former. Now, the projiortioii of carbonate to 
biarbonatc varies with the percentage of car- 
bonic acid in the air above' the sea. When 
that |K*rcentage tends to rise*, what is called the 
fxtrtial pre/iMurt'* of the carbonic acid in the air 
also tends to rise, and the result of raising this 
prt»ssure is to drive the* <‘XC('hk of (*arbonic acid 
into the carbonate of magnesium in the s<»a- 
watcr, turning it into bi<‘arhonaU‘. If, on the 
contrary, there Ik*, let us say, a large forest near 
the H(*a, which tends to reduce* the amount of 
carbonic acid in the air and so to lower its partial 
pressure, some of the bir arbonaU* of magmsiium 
in the Hca-walcr is (h*compoHi*d into (‘arlKUiate 
and carbonic aeutl, which latter is given bii<*k to 
the air, the Im lance iKuiig thus rcstoriHl. 'rhus, 
in accordance with the laws of what modern 
pliysical chemistry calls (liHwtciatutn, there is an 
auUunatic arrangement for regulating and ktM*}»- 
itig constant the amount of atmospheric e-arhonic 
acid. The fact tliat the fK-numtage (»f (;arbonic 
acid is H() (’onstant in diff<*n*nt places is easily 
explained by the incessant moveim*ntH of the 
atmosphere, dlic ptircontagc of this gas in the 
air of a great town certainly riws during the 
day. but when the fin's go out the wind is soon 
able to restore the original stale of things. Iliis 
is one of the reasons why night air, despite the 
popular prejudice against it, is healthier than 
day air. 

Solid Carbonic Acid. We have heard 
much lately about liquid air and even liquid 
hydrogen. We also know that Sir Jam(*s IVwor 
ha* succeeded in even solidifying both air and 
hydrogen. The first ga* to Ik? solidififKl by the 
chemist was carbonic acid ; by the application of 
sufficient cold and pressure, it may be re^adily 
obtained as a sulsitance w’hich ha* all the 
appearances of snow. It is not too cold to be 
held for a short time in the hand. 

* iiee “Atiiiospheric Pressure ” in Physics. 
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EUmente Allied to Carbon. The list gince there is a?tu^y reason to snppoae, as has 
of elements which have certain rcaemblancea been briefly mentioned, that it represents the 
to carlKMi includes aiYicon, U*n, Zeod, all of con- last stage of the atomic evolution, an earlier 

siderablc importance, and three rare elements, stage of which is represented by radium. The 

titanium, zirctmium, and thetrium, only the last most important ore of lead is sulphide, the 

of which jB of any practical importance. Itiathe common name of which is galena. Commercial 


oBf^ential constituent of gas-mantles for incan- 
descent lighting. Silicon, as we have already 
seen, is exceedingly abundant, but it is never 
found in the free state in Nature. It may be 
extracted from its double fluoride with potassium 
by means of metallic sodium, and then is obtained 
os a brown powder. But it may also be obtained 
in black six-sided platens, and therefore presents 
us with another illustration of allotropy. It is 
obtained in its crystalline form by dissolving 
the amorphous powder in molt<?n zinc, and then 
allowing the solution to cool. Mention has 
aln^ady IxM^n made of the rescmblancc-s between 
this substance and carbon, the former the most 
im (Kirtant element in the organic, and the latb*r 
the most imfK»rtant element in the inorganic 
world. One atom of silicon combines with tw(» 
of oxygen to form the very abundant compound 
Bilim, which has the formula SiO.. Like earlsm, 
silicon combines w'ith hydrogen to form a gam'ous 
eomiMiund, and many of the carl>on corntMiunds 
can be parallelc^d by similar compounds, which 
differ only in containing carbon instead of 
silicon. Just as we have earlionaU's, the 
foundation of hich is (X)... so there are silicates, 
the basis of which is SiO... Glass c(msists 
entirely of silirates, the nature of the base vary- 
ing in different kinds of gloss. Flint glass, for 
instance, consists of alkaline and lead silicates, 
while other bases, such as sodium, potassium and 
calcium, enter into the composition of other kinds 
of glass. The silioat4« of scKlium, w hich lias the 
formula Na^.SiO,^ — compare the carlKinate of 
sodium Na_.(X);j — goes by the name of water- 
glasH, and is uwmJ in solution for the purpt»s<* of 
making wood and other sulwtances tiri'proof. 
For a full discussion of the im|K>rtant substance 
glass the reader is nfferred to the s|H'cial section 
dealing with that subject. 

Tin. Tin ixcurs in Nature in the form of its 
oxide, which is called t%nMone and has the 
formula SnO.^,. It occurs in Cornwall, as the 
ancients seem to have knowm, and also in 
Australia and Mexico. |Sw MKrALLraciY.] Tin 
forms two series of salta, the stannous and the 
stannic, the ratMining of which terminations was 
explained in our eonsideration of iron. The stan- 
nous chloride has the formula SnCL.. and is 
known as salts of tin. It is used in dyeing and 
other tradiw. Stannic chloride has the formula 
SnOl^. and is also used in dyeing. 

One of the most useful properties of tin is its 
power of forming alloys W’lth other metals. Tin 
and lead form pewter and various other suh- 
at^eos. such as solder and Britannia metal. 
Tin combined with copper also yields bronze, 
and w^hat is called speculum metal, w*hich is 
capable of taking a high polish, that renders it 
valuable in optical instruments. The chief use 
of tin is in the making of tin plates. 

Land. Lead is an important metal to which 
lately new theoretical interoat has been attached, 
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lead almost always contains a small proportion 
of silver, which is now extracted. When pure, 
the metal is very soft, yielding even to the 
finger-nail. It melts at the relatively low 
temperature of 334° C., and its alloys with tin 
are melted with similar ease. L^d is not 
attacked at all by dry air, but it is soon dulled 
by moist air, owdng to the formation of an oxide. 
Lead, of course, is very largely used for the 
making of pipes and cisterns, and it is a matter 
of importance to know the conditions under 
which 'such lead will remain untouched, and the 
conditions under which portions of it will be 
dissolved and carried away in water which may 
subsequently l>e drunk. (Vimparatively large 
doses of the salts of this metal may lx? taken w ith 
entire impunity. Thus. af‘uU* lead poisoning is 
one of the rarc^st of fKreurrenet^s, but the minuU'st 
quantities contained in water which is drunk 
for a long period, may give rise to chronic 
poisoning, which is unfortunately still exeec*d- 
ingly common, and very oft<*n fatal, (’hronic 
I(‘ad poisoning also ansi'S from oarelimsness on 
the part of workers in lead. The most important 
jirecaution which these workers can take is that 
of scrupulously washing the hands U-foro 
eating. For obvious reasons, chronic lead poison- 
ing is frequently referrt^l to as “ painter's 
colic.’* The carlsmaU* of lead (PbCX) ,, white 
lead), is one of the commonest of pigments. 

The Action of Water on Lead. 
Ix»t us now carefully inquire into the con- 
ditions which determine the action of water on 
lead pifies and cisterns. Hard water, as it is 
ealled, will never cause lead (Kiisoniug, lH‘cauae 
it is incapable of dissolving any lead from the 
Hurfaot^ with w'hich it comes in contact. Hard 
water always contains fret* calcium carbonate or 
calcium sulphate, as we saw' m a previous 
chapter. It is only in the cose of soft water that 
any danger of chronic lead jxiisoning through 
the water supply is to lie anticipated. Such 
w'ator usually contains certain organic acids 
which are derived from the soil, and which may 
lx* conveniently included under the general 
term of humic acid— from the Latin humus, the 
soil. Tht'se acids are capable of dissolving lead 
from pipes or cisterns, and thus giving rise to 
lead poisoning. iStjft water is thus a source of 
constant danger if used for drinking. A useful 
little precaution is to allow the tap to run for 
a few seconds Ix^fore water is drawTi for drinking 
purposes. 

The chief oxide of lead is known as litharge, 
which has the formula PbO. Another oxide, 
Pb^.j 04 , is known as red lead, and is a scarlet 
powder, which may be obt^ed by heating 
lithar|re. It is used as a pigm^t, and in making 
flint ^ass. When acetic acid acts upon litharge 
we obti^ a white powder, which is the aceUte, 
and which, owing to its sweet taste, is known as 
sugar of lead. It has some small uses in medicine. * 
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The Nitrogen Group of Elements. 

We must now pass to an important mup 
of five elements — ^namely, nitrogen^ phmjiorus, 
arsenic, antimonp, and bismuth. Not only do 
these form a distinct group from the chemical 
point of view, utterly diverse though they are 
*m physical characters, but they also form a 
recognisable group in the resemblance between 
their respective actions upon the human liody. 
Much of the most important of these elements 
is nitrogen, which constitutes about four-fifths 
of the air, and which must he dealt with in detail. 

Nitrogen. Sitrogen is a colourless, odour- 
less gas. We inhale it with every breath. It 
may be obtained in a relatively purt' state by 
several means. For instance, if we pass a current 
of air through a glass tube filled with red-hot 
copf>er, the copper kwfjs the oxyg<‘n while the 
nitrogen passes on ; or we may turn out nitrogim 
from one of its most familiar comiKmnds, 
ammonia, by means of chlorine. Ammonia has 
the formula NH.j, and if we pass a current of 
chlorine through a strong solution of ammonia, 
the hydrogen combines with the chlorine ti) 
form hydrochloric acid, HCl ; wiiilst the nitrogen 
c^scapt^s, and may easily be collected. Other pro- 
ccwH*8 also pt'rmit of the collection of this element 
in a pure state from the conifKiunfls known as 
nitrates, which occur abunduntly in many parts 
of the earth. Nitrogen may also Ik* obtain(*d 
from th(* coraplicaUd organic iKKlitKi called 
proteids. This element is a c(mstituent of proto- 
plasm — the physical basis of life —and therefore 
occurs in every living thing, whether animal or 
vegetable, high or low’. In marked contrast to its 
partner oxygen, nitrogen is a very inert sub- 
stance, having little tendency to combine with 
other elements. It is scarcely nec(*asary' to say 
that it dcH*s not support life or combustion. Its 
most useful role in tne atmosphere, according to 
oiir present knowledge, is that of diluting the 
oxygen. Nitrogen is peculiarly insoluble in 
water. Under suitable conditions it can bf» burnt 
or combined with oxygen. Such union occurs 
as the result of passing an electric spark through 
the air, and thus — owing to the electrical con- 
ditions of the atmosphere, the passage of 
lightning, and so forth — small proport ions of these* 
compounds are found in the atmosphere. The 
oxides of nitrogen are no less than five in 
numlx?r — as w’e said in a previous chapU*r — but 
of these only one need be further discussed here, 
and that is known as nitrous oxide, having the 
formula N .^X). Popularly, it is called laughing-gas, 
and it is of historic interest as the first su Instance 
used for the production of general ana»Hthesia for 
surgical operations. Its property depends upon 
its behaviour in relation to the haemoglobin of 
the blood, with which it forms a loose com- 
pound. It is probable that no single case of 
death directly attributable to its use can In* 
recorded. It baa a faint odour, with which 
the reader is very likely familiar. Very different 
is the odour of some of the higher oxides of 
nitrogen, which cause extreme discomfort and 
choking. 

PhMphoruft. This element and the succeed- 
ing two in this group, arsenic and antimony. 


are often knowm as mdaUoids, since they have 
at least some of the properties which wt usually 
associate with metals, Inhere is no friM' phos- 
phorus in Nature, but the element is found in 
many rocks and minerals, Ix^sides In'ing the 
necessaiy' ingndient of all but the very K>wlit«t 
forms of protoplasm or living matter. The ele- 
ment is usually obtained by distilling phosphoric 
acid(w'hich has the formula H ,P() J with enrUm. 
When this mixture is heaUd to w'hit«*n«M»s the 
phosphorus distils over, and is collected in warm 
w’ater. The manufactun* is not eusv, for the 
element is very ready to unite with oxygen, 
and biirnH, forming offi'iisive and dangcTous 
white fumes ; thus the element has to Ik* pre- 
servtd under w’at(*r. If any moisture Ik* pn^ent, 
phosphorus is phfisphoresceiit. or luminous, in 
the dark, the cauw* of this phenonuuion U'ing 
the slow’ oxidation which occurs on its surface. 
This ordinary, or ytilow jihosphorus occurs in 
eight-Hid(d crystals; hut we have here another 
case of allotropy, for if ordinary phoHjihorus l»c 
hcatc<l Im'voiicI a certain temperature in a closed 
or h(* heated in a tiiU* with a small 
(piantity of iodine, it is eon verted into another 
form called red phosphorus, usually called 
amorphous j)hos}>horuH. since it is usually non- 
crystalline. Ked phosphorus is not luminous in 
the dark, since it is not oxidised at ordinary 
t<*raperatun's ; it d(M*K not catch fire at low* 
temperatures, it is exceedingly insoluble, and in 
conHt»(|uenc(‘ it is (piiti* non-fioisonous, wh('n*nii 
ordinary phosphorus is a very dang<*rouK poison, 
the limit of safety for a iiHslieinal dose Is'ing 
<*stimated at about one t wentief h of a grain. The 
most imp<»rtant eimimereial usi* of phosphorus 
is in the manufacture of niatclu*s. the chief value 
the element in this conn<*ction lying in the 
fact that it catches fire at low tiunperatun’s. 'Hie 
ordinary niatcdi has phosphorus on its tip ; in 
the case of thf‘ safety-match phospluirus is 
ydaced on the box. Recent intjuiries seem to 
show' that phoKphoniM may Ik* ohtiiincd in a 
non-fK>isonouH form which is (]uite efficient for 
all the pur[)oseH of matches. As very sulmtantial 
danger is attach<*<l the maniiffwturc of matrhtsi 
in which ordinary ))hoMphorus is employed, it is 
to Ik* ho|KHl that the manufacture of such 
raatchf*s. being HujK*rfiuouH, will shortly cease. 

The Oxide* of Fhoaphoru*. J^lKisphorus 
ff»rmH two oxides, which have the resfsTtive 
formulas IVX) j and Idkc CO^, each of 

these is an anhydride* of an ncifl. We need 
not here go into details of the various fieids 
eomyiounded of hydrogen, yihosphorus, and 
oxygen. HyfKijihosphorouji arid most people 
have heard of by implication, since its salts — the 
hy{>oph(jHphit(jH — have a probably illusory repu- 
tation as tonics. The most important acid is 
known as phosphoric acid, and has the formula 
already stated. Its anhydride is which 

has a great affinity for water, and is used in 
chemistry for the purpose of removing the last 
traces of water from sul*stane^ which arc 
required to he absolutely dry. The reader may 
be puzzled as to how it is that the anhydride of 
the acid contains more atoms of oxygen than the 
acid itself, which certainly looks absurd. In 
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i»rder to solve thin difficulty, we must double the 
formula of phoaphoric acid, ho that it reads 
If from this wc take thitn? molcculea 
of whUt, wc find that wc have Pj(K, 
according t^i the equation 

The m<jat imfxiriant Malt of pho«phoric a^’id i« 
one of the calcium HaltH. Thin phoaphatc of lime 
is an 4auk*ntial Tionatituent of plants, and it is 
abHolutcly ntKH»imary to add it to the soil by one 
mcanH or ant»thcr if it is (‘xjhk'UkI to have a 
continuance of good crojw. 

Arsenic. mi in eleim'nt in occaMionally 
found in the uncombinwl Mtatc, but more uHuaily 
in the form of a Hulphide, often in ctimbination 
with Hulpliidc of iron. It is niont commonly 
pnqianvl from the mineral knoH7i oh misjnrkd^ 
M'hieh is a <‘oml)inution of tbeMe two NulphidtM. 
When til is ore ih hettl^Ml in earthen vi^MMelH, the 
arMeiiie eoni<*M over in a gaaeouH atate, and can Ik's 
ronderiHed. Arneme dewn not (H'cur in the li(|iiid 
Mtate. but pasKtjM directly from the g/iMcouH to the 
»()lid Htate. It in a KteeliMli grey Holid, and is 
another example of allotropy. If formed by 
hIom' eondenHution, it has a tmdallie luMtre. and 
iH rr^talline. If rapidly eondenMcMl on a cold 
Murfiu’c, it (weurK aw a black amorphoun Mub- 
Mlance. 'Phe rciiMon v^hv arwenic d(H*H not 
liqut'fy is that, under ordinary conditioiiH, itn 
Innlirig |M»int ia at a lower Icmpt'rature than ita 
melting iMiint. Hut if the atmoaphcric preaaurc 
1 k’ raiaiMl, tin* boiling point ia raiwd aliovc the 
tiM'Uing jMiint. and then the element may Iki 
liquctitnl. Araenie ia uaed in the manufacture of 
allot, as it makea tin* h'ad hattlcr. and alao raakea 
it more n^adily aaaiinK* a aphericnl Hha|H‘ aa it 
dro|)a through the air, which ia tlu^ proccaa by 
which ahid ia mad('. Araenie la very largely uaed 
in nnHlic’im' in very minute doatw, and there are 
certain eonditiona of the akin and other organa m 
which it ia extremely valuable. The grt'ai atudent 
of ilruga, Hinz. of Bonn, in (lonnany, haa nug- 
geated tliat it owea ita virtm^ to the projMTty of 
carrying oxygrm from the blcMKl tt) the tiaauea. 
'I'he drug aecumulat^vi in the Ikk 1\% however, 
and nuiat not U' given continuoualy. In large 
doa(‘M. and in chronic poiaoning, araenie eauaea 
a HericM of toxn’ aymptoniH, which rt'semhle 
thoae eaiiaiHl by phoaphorus, its pnxleei*aaor in 
Ihia group, and by antimony, ita auecM['aa<»r. 

Antimony. Thia element ia, (x^rbapa, more 
cloikdy allied to the mt^ttUa than ita predeet*aaora. 
Jt oeeura in nature m the form of the aulphide, 
which haa the fonuula Sb-.S.j. Ihire antimony 
ran rt*adily 1 h' obtained from the aulphide by 
luxating this ore with acrandron, which combines 
w ith the aulphur, wdiilat tne antimony melta and 
may collected from the bottom of the veaael in 
which the ofM^ration ia oonduclod. Thia element 
ia brittle, hluiah white, and cryatalline, and molU 
at the com fwra lively low temjierature of aliout 
450' C\ It ia only acted upon by air when 
heated, and then ^o^u^» the trioxide which haa 
the fonuula Sh..O^, corri'sponding to that of the 
aulphide. AUoyed with lead, antimony goes to 
form Alloyed with lead and tin, it 

forma Britannia metal. The introduction of thia 
drug into medicine is usually attributech as we 


remarked in our first lesson, to Paracelsus, and 
the story goes — but we give it only for w'hat it is 
w*orth — that the derivation of the name depends 
upon a certain occasion when he took the 
opportunity of experimenting with this drug on 
a community of monks, who were very much 
disturlx(d by its unpleasant jiroperties. Hence 
the name anli, against, and moine, the French 
for monk. This element is verj" much k^s 
frequently used in medicine nowadays than 
formerly. It has a direct antagonism to living 
matter, and is thus ranked, together with some 
other substances, such as prussic acid, as a 
proUfj^asmic ptnwm. Its most charactcriatic 
action ujion the human IksJv is as an emetic, and 
ita moat familiar salt is the compound w'ith 
tartaric acid, which is known as tartar-emetic. 

Bismuth. Hiamuth is the last metal of this 
group with which wc ha\e to deal. Reference to 
the table already given w ill shf)W’ the reader that 
W'o have Uh^ii dealing with tht‘se substances in 
the order of their atomic weight. Bismuth is 
exceedingly heavy, its atomic weight In'ing no 
k*ss than 2B8. It is prcparKl from its Huljdiido 
in a similar fashion to antimony. This salt 
CK’Curs in Cornwall, whilst the metal is found 
native in Saxony. It is of aomc use m the forma- 
tion of alloys, for when niixc*d with lead and tin, 
and HometimcR with cadmium, it forms an alloy 
which melts considerably 1m‘1ow tin* temperature 
of boiling wat<T. and which expands when it 
8olidih<*H. This IS known as fumhle metal. Bia- 
muth forms a couple of oxides BiO.j and BiO-. 
and from these then^ may 1><‘ forimnl salts w hich 
arc of no particular imjKirtancc. Tw'^i salts of 
hismuth, however, of no particular inter(‘st to 
the chemist, are largely uhihI in mcHiicin<‘. These 
are the carbonate and the suhnitrate, of which 
the latter is much the most imjKirtant. In the 
tn*atnient of certain atTections of the nliraemtary 
canal, the suhnitrate has lU) e(|ual. It ow(*s .its 
meilicinal projMTties partly to its weight and its 
consistence, but ehielly to thf‘ faet that it givt*s 
off minute quantities of nitric acid just where 
they an‘ wanted, and is thus indirtH tly a safe, but 
jMiwerful antiseptic. Commercial bismuth iisixl 
to contain arm»nic and may also contain traces 
of the ran* metals etelenitim and tellurium, the 
latter of w hich aomelimt'S im{airts an unpleasant 
odour to the bn*ath. Most pharmacopoias 
contain a large numlxT of i>n*j>arntions of bis- 
muth, including a numlx'r of liquid preparations, 
w hich arc supposed to act more quickly ; but as a 
mat U*r of fact, these liquid preparations undergo 
change immediately after they are swalloweti, 
inaolublc salts of bismuth lx*ing at once thrown 
down, or precipitated, as chemists say. There is 
thus no reason whatever for prt'ferring them. 

We appear to have gone very* far indeed from 
nitrogen, which was the first member of this 
group ; nevertheless, the further wc study the 
chemical and physical and ph>*aiological proper- 
ties of these five elements, the more we are 
convinced that there must be a relation between 
tliem, the nature of which can be guessed in 
some measure by those who have studied the 
previous chapters of this course. 

Continued 
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which dintiU off between the temperature* of 
329® and 374® Fahr. When pure, it ie oolour- 
Je 00 and cryataUiBed into ne^Jea, which have 
a burning tante and emelJ, Aoroewhat Jike 
creosote. If taken in large doses it is a poison, 
but, in small doses, it may be taken internally 
as a healing agent. Its chief use is as a dis- 
infectant in surceiy and as an external applica- 
tion to exposed tissues to exclude or destroy 
germs. It is the basis of many of the disinfecting 
compounds of commerce. 

Asphalte. Asphatte^ AsphaUum^ or mineral 

e h, HO called from the Laems Asphaltites, or 
id Sea, where it was found in ancient times, 
is a product of the decomiiOMition of vegetable 
and animal substances. It is usually found of 
a black or brownish -black colour, externally 
not unlike coal, but it varie.s in consistency 
from a bright pitchy condition, with a sharp 
conchoidal fracturi* to thick viscid massf^s of 
mineral tar. Asphaltic dejKisitH exist widely 
diffuseHl throughout the world, more especially 
in tropical and sub-tropical regions. It is 
found in a statti of great jiurity in the interstices 
of the older roc'ks, but its (M*currence is not 
chanM'teristic of any particular formation or 
pc^riml. Tlie most remarkable deposit exists 
in Trinidad. wh<‘re it forms a lake 09 aer<*H 
in extent, and of unknown depth, intersected 
with rivulets of wat<*r. In addition to the 
lake de{H>sit. asphalte (K*curs in the surrounding 
country in detached iwitehes, or in slu’cts of 
considerable si/e, ana puH'es of asphalte an* 
frequently east up on thi* neighbouring shores 
by the wia. A eonsiderable quantity of a fine 
asphalte is also derivcsl from ('ulw. under the 
name Chapapittr, or Mexican asj}haUf ; and 
from Feni a very pun* variety of high lustre is 
export'd. It (s’ciirs in many localities through- 
out KurojH*, but not to any eonsiderable extent. 

Of great4*r importance industrially than 
simple asjihalte is asphalte stone— a lini<*stone 
impregnaUsl with bituminous matter, which 
ooemrs in large ()uantiti(*s in several fmrts of 
Kun)iK\ The most valuable dejxisits are in the 
Val ae Travers canton of Neufchatel ; in the 
neighlKiurluHKl of Seyssel. in France ; at 
B<H*lielbninn. in Alsac'e ; at Limmer. near the 
city of Hanover; and at Hdlle, in Ditmarsehin, 
eU*. Asjihalte is now uwni to an enormous 
exUmt in the construction of paving, of which 
Uiere are two princijHil methods — first, the 
mastic jiroc^ess ; and st'condly, by the hot com- 
pnMisi*d proc*ess. 

An lu-tificial asphalte is prt»|mred by Ixiiling 
up the pitch of gas tar with chalk and sand; 
but such a sulaititute, though much cheaper, 
has not the durability of the natural compound. 

Petroleum, "or Petrol. The word 
petroleum is used to desi^ate the forms of 
bitumen that are of on oilv consistence. It 
passes, by insensible gradations, into the 
volatile and etliereal naphthas on the one hand 
and the semi-fluid maUhas or mineral tars on the 
other. It is of great economical importance, 
osp^ially as a source of light, occurring naturally 
ooiung from crevices in rooks, or floating on the 
surface of water ; and also obtained in veiy 
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large quantities in various parts of the world by 
boring into the rock, whence it is termed roA 
oil. ^By far the largest quantity of oil is obtained 
from the oil-fields of America. The only other 
oil-producing region in the world at all com- 
paring with those of the United States is at 
and near Baku, on the Caspian, where the 
existence of oil has been known from time 
immemorial, but where its commercial import- 
ance has only recently been realised. It may 
be said that petroleum has obtained universal 
diffusion as a lighting agent ; it is fast displacing 
animal and vegetable oils as a lubricator on all 
classes of bearings, and also where other oils 
are liable to spontaneous combustion. It is 
very largely used as fuel for stoves, both for 
heating and cooking ; and it is very successfully 
used for motor driving pur{>o8e8. It has also 
lx?come a useful su bstanoe to the apothecary as 
j>etroleum jelly or va8<*line. 

Gasolene. Gasolene, or Gasoline, is pro- 
duc(*d by the distillation of p(*trolcum, and is 
the lightest volatile liquid obtainable. It is 
usixl for saturating gas or air in carburetters, 
and also in va{X)ur-stoveH. 

Keroaene. Kerosene is a product of the 
distillation of |x*troleum. coal, bitumtm, etc.,and 
consists of n mixtun* of liquid hydrocarlsms. 
It is practically the same as English paraffin oil, 
and often gcK's under the name of mineral oil, or 
American jwiraffin oil. It is extensively used 
m all parts of the world as an illuminating fluid. 

Naphtha. Tlie naphta known to the 
ancients was a fluid variety of bitumen, but the 
more modem naphtha is a colourless, artificial 
liquid obtained by the distillation of crude 
jM*troleum. Ow ing to its cheapness, it is largely 
uwhI as a solvent in place* of lx»nzol and turjx^n- 
tine, for which purjK>se it forms a substitute 
often suwrior to the oil it displaces. It is 
also uw*a extensively in the manufacture of 
}>aints. varnishes, nihlsT gixxls, etc., ns well 
us by dyers and cleaners. Naphtha lamps are 
also ust^ for temporary stret^ lighting ; and 
in vapour-stoves the variety of naphtha known 
as st< me -gasoline is uwxi for rooking purjx>se8. 

Shale Oil is the name applied in the trade 
to a certain quality of naphtha. 

benzine. Benzine, or Benzin, is a colour- 
less liquid consisting of a mixture of volatile 
hvdrocarbons. and obtained by the distillation 

petroleum. It is used chiefly os a solvent 
for fats, resins, etc., and for cleaning fabrics. 

Benxol. Benzol, or Benzene, which is con- 
founded w'ith benzine, is essentially different 
from the latter, Ix^ing a single hydiwarbon of 
constant composition, while Iwnzine is a mixture 
of hydrocarbons. To confuse the two further, 
the colours are the same, and they are both 
used as solvents. 

Fmrmffln. Paraffin is a tasteless, in- 
odorous, fatty matter, obtained by the dry 
distillation of wrood. peat, bituminous coal, etc. 

It gets its name from the Latin parnm affinis 
(little akin) because of its indifference to all re- 
agents. It is largely used for making candles and 
also as a waterproofing material for fabrics and 
paper. Other usee are — insulating for electrical 
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work, polishii^ in laundiy work, coating the 
aurlaoe of fruits and vegetables as a preserva- 
tive, etc. One of the main sources of the parafiin 
supply is crude petroleum, which yields large 
quantities in its preparation for commercial ustv 

OsoRerite, Ozokerite, or mineral wax, is a 
mixture of natural paraffins found in the sand- 
stones of the coal-measures. It is brownish- 
yellow, and in consistency not unlike resinous 
wax. In some parts it occurs in sufficient 
quantities to be used for various purposes, 
and also for making into candies. 

LEATHER AND FIBROUS 
MATERIALS 

Leather. Leather consists of the hides 
and skins of certain animals, prepared by 
cliemical and 
mechanical 
means in such 
a manner os 
to resist in- 
fluences to 
which in their 
natural con- 
dition they 
are subject, 
and also to 
give them cer- 
tain entirely 
new propiT- 
tK*sand quali- 
ties. Skins m 
an u n p r e - 
pared, moist 
condition are 
readily disin- 
U'grated and 
destniyed by 
putrebict ion, 
and if they 
are dried raw 
they become 
hard, homy 
and intract- 
able. The aim 
of the leather 

manufacturer is directea 
prmci pally to overcoming 
the tendency to putrefaction, 
to securing HUpplenesH in the 
material, rendering it imper- 
vious to and unalterable by 
water, and increasing the 
strength of the skin and its power to resist 
wear. I>*ather is made by three processes, 
or with tbn*e classes of substances. Thus 
we have (1) tanned leather, in which the 
hides and skins are combined with tannin or 
tannic acid ; (2) tawed leather, m which skins 
are prepared with mineral salts ; (il) eharmnf 
leather, consisting of skins treaUni with oils 
or fatty substances. 

TanDed Leather. The skins of all 
mammalians may he made into leatlier, hut 
in practice it is only' from a few of the larger 
animals, readily obtainable insufficient nuraUfrs 
and reared and slaughtered for other objects, 
that commercial supplies are obtained. Of all 


hides and skins used by the tanner by far the 
most important and valuable are those obtained 
from oxen, but of late j'ears horse hidtHu and the 
skins of the ass, tebra, etc., have l>ecome im- 
}M>rtant raw materials of leatlier. while shwp 
and goat skins art' also very extensively useni. 

* Leather is very largely used in the manu- 
facture of iKiots and shot's. iKirtmanteaus and 
hand-ba^, machine- belting, harness, hytlraulie 
cup leathers and fin>-ho8t'. The whole skin of 
the ox is dividtHl out into parts according to its 
thickness and quality, the thickest In'ing used 
for shoe soles and heavy bt'lting. 

Tanning. The actual prtx^ess of tanning is 
as follows. The hides, after la'ing prt'partHl, 
art' exptmt'd m a series of pits contain- 
ing fxcfs. .As 
t h y are 
movi^ from 
pit t o p i t 
nf iht' Ht'ries 
t )i 0 liquid 
t h r o u g h 
which they 
pass con- 
tains an ever- 
i n (' r t' a s i n g 
strength of 
tannm until 
the lost pit 
is re lie bed, 
when the 
actual j in H*i»HS 
of colouring 
or dyeing is 
e o m pi e t ed. 
The hub's am 
next spread 
out horizon- 
tally in piliMi 
in the hand- 
ling nits and 
h ana led, or 
lifted with a 
tanner’s hook 
at intervals, 
the one taken out from 
tlie iKittom of a pile U'ing 
returneil on the top, and 
HO on, this ojMTation lasting 
ahmit six weeks. The hidijs 
are then taken to the lay- 
awayn and then' exposed to 
the strongest tannm for a eonsiderahb* iniriod ; 
then the j>its are cleared out, the liquid (trained 
off. and fn'sh liquid brought in, the ojsTation 
iK'ing reja-ated ilirt^* or four times, until the 
tanning is completed, and the hides are con- 
vert('d into leather. 

Tanning Materials. Tannin, or tannic 
acid, is abundantly found in almost all sp('cies 
of the v(*getable world, but oak bark and 
mimosa bark are the chief sources of its pro- 
duction. 

Oak Hark was formerly almost the only 
tanning material used by Hritish tanners, and 
even now the best quality of heavy goods are 
prepar(*d by this method. Sob^ leather prepared 
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by the bark of the English oak is very firm and 
solid, whOe other variettes of leather are soft, 
as for instance, some kinds of French leather 
prapared from the bark of the evergreen oak. 
The cork oak (Quereus tuber), found in the 
South of Europe, posaesses, in addition to its 
cork, an inner Wk, very rich in tannin. 

Mkmm hath is obtained from Australasia, 
Innbii a kige number of trees of acacia 
aipeeiea* Lam quantities of this bark are im- 
< ported into SSnipaiid, sad soma of it is 
rick in tannin* 

Other varieties of bark, produciim tannin, are 
hemlock baric, Scotch fir, and larch barks, willow 
harics, etc,, but these are not extensively used 
by Bhiglish tanners. 

Tnwed Lenther. Tawing is the term 
applied to the preparation of leather by the 
action of mineral sulistances, such as alum or 
aluminous salts, on hides and skins. In former 
times, tawing was used for preparing heavy 
leather, os machine* Iwlts, heavy gloves, etc,, but 
the system is now almost solely applied to thin 
and fight skins, as sheep, kids, and goats. A 
large numls^r of w’hite tawed sheepskins are 
used hy perfumers as covers for the tops of 
Isittles, hut the most, important use to which 
this system is anpliwl are kid boots, shoes, 
and gloves, and all kinds of glao^* leather. 

Shamoy Leather. This method of pre- 
paring leather is perhaps the oldest system of 
all. It consists of impr<*gnating hides and skins 
with fish oil. for which rtmson it is sometimes 
eallMl oil leather ; w'hile, owing to the extensive 
uw^ of deer skin in this system, the prodoc^ Ik 
often knt>wn as buck or doe leather, The 
original name - shamoy — W'eins to have byen 
derivefl from the use of chamois skins, while yet 
another name hv which it is knowm in domestic 
use* is wash-leatlier, due to the fa<'t that it may 
Ih» eosilv washed like a cloth. 

Artificial Leather. Inder the name of 
.Americjui cloth, large quantities of artificial 
leather an> iniportetl into this country. The most 
(‘omnion varictit^s consist of a calico material, 
first vovortHi with a thick paste to fill up the 
norcs, unci aftcruanls coated witJi a mixture of 
lioiled iinsecd <iil. dryers, and lampblack or 
other colouring matter. The surface is then 
8nKK)thed and compressetl on the calico by 
imssing Udwin'ii metal rollers, and finally coated 
with copal varnish to prtxluce the glossy finish. 

It is extensively ustni for covering chairs, lining 
tojw of w riting tabh^ and desks, and many other 
upliolstery purjK>ses. 

Oil > cloth. ()il~rb4h, or oi7 floor ’Cbtth, 
consists of a thick canvas backing that was 
originally painted and ornamented wdth the 
brush, but now' the dt'aigns are applied by means 
of hand -blinks, or rollers. The thick material 
has largely given place to linoleum, but a thinner 
kind is still umkI for boniering to floor carjx'ta 
and rugs, and for covering stair-carjxds. 

Kamptulicon, Kami^uliron is a variety 
of Hoor-eloth inanufacturea from a preparation 
of indiarubbt^r thoroughly mixed with ground 
^ik, the mixture being effected by passing the 
ingredients repeatedly oetwreen grooved rmlers. 
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The preparation is next rolled out into sheets, 
generally over a backing of canvas, hy posing 
through 8team*heated rollers. Although india- 
rubber and cork ore the best substances for its 
manufacture, they are expensive, and cheaper 
things, a« sawdust, gutta-percha, ground leather, 
aapbalte, tar, cludk, etc., have beim used. 
Kamptniioon baa practically been displaced by 
linoleum. 

LIttolnum* Linoleum is a variety of floor- 
covering nuide of a preparation of mtimatoly 
mixedlmaeed oil and ground ooric, spread in a 
layer over a sheet of canvas. The luiued oil is 
first boiled with litharge, as in making ordinary 
boiled oil, and next exposed to the influence of 
the air in thin films, so as to be thoroughly 
oxidised. This is done as follows. Sheets of 
calico are hung up over large open troughs, and 
the oil is allowed to flow evenly over the surfaces 
of these sheets, any drippings falling into the 
troughs. For several days this operation is 
carried on, until the film of oxidised oil is about 
half an inch thick, when the sheets are tom to 
pieces and passed through crushing rollers, 
which reduce the substance to a plastic mass. 
This is next placed in a close l»oi1er heated by 
sU)am, together with the colouring pigment, and 
after Ixdng thoroughly mixed w'ith “stirrers” 
it is nin off and allowcxl to solidify into largo 
slalw, which are then cut into blocks about as 
large as bricks. The cork used is first broken 
to pieces, then passed through a mill, which 
grinds it to a powder. The actual operation of 
monufaeturc then commences. The blocks of 
oxidised oil, together with the required amount 
,^,.groiind cork, are put into a kind of pug-piill, 
W^roughly mixed, and next cut into slices by a 
revolving knife. These thin sheets are next 
pasBixi through a series of rollers heated by steam, 
to the last of which the mixture sticks, and has to 
be scraped off in the form of a fine powder. This 
is next spread evenly over the canvas and passed 
l)etwoen more rollers, which consolidates the 
whole mass. The only rcunaining operation is a 
coat of paint on the back of the canvas to 
pnwrve it. 

The liest linoleum is inlaid. The pattern runs 
through the whole thickn(‘s.s instead of lading 
printed on the surface, so that the pattern cfinnot 
wear off. It is dry and warm to the feet, and may 
now’ In^ had in carpet patterns. AlLthcse varieties 
of floor coverings, however, exclude the air from 
(he floor l>oards, and mak(* them more suscep- 
tible to drj'-rot. There is. however, little danger, 
unless moist stagnant air reaches the boards 
from their under side. 

Cork. Cork is the outer bark of the ever- 
green specH^ of oak err as euber) which 
flourishes in the South of Europe and North of 
Africa, more especially in Spain and Portugal. 
Year after year additional layers are added to 
the inside of the outer bark until it becomes a 
thick, s^ift mass, jjosst'ssing peculiar elastic 
properties which give to cork its value. The 
trees are fir*t stripped when they are about 
20 vears old, this first yield being c-alled virgin 
cork. It is rough, has a woody texture, and is 
not of much use except for forming nistic work 



in conservatories and a« a tanning substance. 
After the first stripping the bark is removed 
every eight or ten years^ the quality improving 
with each stripping. Cork is used for many 
porposea, as bupgs and stoppers for bottles, 
hat linings, artificial limbs, etc., while, owing 
to its light specific gravity and durability, it is 
almost universally used for making various 
life^ving appliances, as belts, jackets, buoys, 
fuid parts of lifeboats. In a granulated form 
It is taigely used as a non«condaoUng filling lor 
oold*storage. 

ChsMMl. Ohareoal is the more or lees 
impure variety of carbon obtained from animal 
and vegetable materials by heating to redness 
in a vessel which is nearly closed, the volatile 
matters being thus driven off. 

^ntmof charcoal^ also called Bone-black^ is 
made by igniting bones, which have been boiled 
to remove fat, in closed vessels of earthenware 
or iron. It is used as a d(‘colouriging and 
filtering agent, and may \ye rc-purifiod after use 
by treating with acids. Animal charcoal is used 
as a pigment, in the form of ivory black, and 
also os a manure for sour vegetable soils. Wood 
charcoal is a hard, brittle substance, with a 
clear ringing sound when struck, made from a 
large varietj’’ of trees, as oak, ash, birch, Scotch 
fir, elm, iK^ech, chestnut, etc. It is used as a 
fuel, particularly in France, osart'ducing agent 
in metallurgy, in the manufacture of filters, 
and in mc'dieinnl work. The use of charcoal 
tilters for drinking wat<‘r is now universally 
condemned, but there are other (‘ases where 
it furnislu'S a suitable filtering medium. 

Torgament. Tonjnmcnl is the name 
gi\en to a pasty mnteriiJ, composed of asla^stos 
and other silicates, whi^ h is used as a [HTmancint 
floor or uall covering. It sets into a hard, 
jointless surface, proof against dry rot and 
dafhage hy fire or wat<T. If can he easily 
washed fir cleansed, is very durable, does not 
crack, d(K*s not harbour dust, vermin, orbactiTia, 
is impervious to rodents, and, from its hygienic 
advantages, is coming into us»‘ for hospitals 
and infirmaries. It may la* waxed and polished, 
or left with a non-slijiping surface, without 
Rlh*ring its character. The colour may bo 
varied as df‘sin*d. 

Stonmxid floorinj, and the /(/{hHmm mnilarif 
flo*trin(f, made by .Messrs. Smith Jlrothers, are 
very similar to torgament. 

PAPER 

Paper consists of a thin, compart web of 
vegetable fibrf*8 artificially prepared and most 
largely use*d for writing and printing. The 
name is derivwi from the Papyrus plant of 
Egypt, whose leaves wen* used for wTiting upon 
before the invention of paper. 

Writing and Printing Papers. Writing 
and printing papers of the best quality an* made 
from rags, which are first cut into pieces about 
the size of the hand, then separate into linen 
and cotton of different qualities, and each lot 
placed in a separate receptacle, after f>eing 
subjected to the willow and dueier to kmck out 
tbe dost. The rags are next placed in what 
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is knowm as a rag boiler, which is then half filled 
with water, and a quantity of caustic stsia, 
varying with the nature of the rags, is atidtHi. 
After filing for 10 or 12 hours they are washed* 
with cold water and afterwards picked over to 
separate any impurities. The ri^ are next 
passed to the breaking enyine^ w'hich outs them 
mto framents, and a solution of chloride of 
lime is added for bleaching purposes, after which 
the pulp is run into large stone chests, where it 
is Allowed to remain until quite white. It is 
then pressed to remove as much as possible of 
the bleaching solution. The bleached pulp is 
next passed to the heating engine, where it is 
washed to free it from any remaining solution, 
and then subjected to the beating operation, 
during w'hich tbe loading material, such as 
pearl white or china clay, is added, except in 
the ease of hand -made pafHT, when nothing is 
added. This addit ion of mineral mat ter weakens 
the paper to a certain extent, hut it closes up 
the port's, so that it will takt* a U'lter finish. 
The next ojM*ra(ion is the sizing, consisting of 
a mixture of rt'sin soap tn'attd with alum, 
which forms a comparativ(»ly waterproof 
covering. If the pap<*r is to bo tinted, it is 
generally accompbshtd by the list' t)f aniline 
ooltuirs, anti all eolour«*(l )uipers an' protiuct'd 
by the use of various pigiiieiitK. 

Hand-made Paper. 11 and -made fKifter, 
so far as the manufacture of the jmlp is con- 
cerned, is tlone in the same way writing and 
printing paper just destTilK'd. Tlu' wtd pulp 
is then spread evenly ovt'r a mould of fine 
W'irecloth, through which the moisture drains, 
leaving the dry pulf). This is tht*n turned over 
on to a sht*et t)f felt, and the operation reoeattal 
until th(‘ rt'fjuired numU*r of layers of pulp 
l)etw'een felt slu'ets an* obtained. They an* then 
placed in a pile and taken (t» a press, which 
presses tail the* gn‘at4*r part of the remaining 
wafer, leaving the paper sufTieienfly dry to Is* 
handled. The sheets are then part<*d and each 
Reparat4*ly n* jires.sed, aft4*r which they are 
hung up in spurs of three or (iv<* sheelH to dry. 
The H|>urs are next jaissed through a trough 
containing the* sizing inat4*rial, which is a strong 
solution of ge latin, and sent la-tween rollers on 
an endless hand of fe*lt to take otf tlie super- 
fiiious size, and the* sln'e*t« are* the*n (wircfnlly 
imrted, te» preve*nt sfie king. anej again ejne-ef, 
The*y are* the-n packeel and glazed ls*twe‘e*n 
plaU-h. ariel aft^-rwards seirte'el ariej tinishe*el in 
the* same way as othe*r paj>er, emiy with me»re 
care* 

Blotting Paper. Ul< tUng paper is a 
coarse*, unsizetl jiajier of a sjKingy ehanu leT, 
usefi for alworbing the KUfs*rrtuous ink fomi 
freshly wTitten j>ajs*r Lithe»graph anel multi- 
plex copying papf'rs and many printing pa|>ers 
are meire or h*ss of the same* e*hnraete*r, as the-y 
then take; printing ink ls*tU*r. whie-h is ne»t 
liable to run as writing ink would do. 

Esparto Paper. Aitheiogh all the* Is-tte-r 

3 ualitie« of pafK*r arc; ma<le from rags, the- 
emand for material is so large,; that eUheir 
sources of supply have to la* Uipjs*d for the 
cheaper qualities of pafier, and perhafis the? 
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fiimt among ihene in esparto. The graw 'u 
first sorUsd and then boiled in the same way 
as rags, but with a more liberal propf^rtion of 
, caustic soda. The rest of the operation of 
manufacture differs vc^ry little from that of 
rags, more bleaching solution being required, 
and the resulting paper is of a more bulky 
nature, admirably suited for printing purposes. 

Straw Paper. A large quantity of straw 
is used in England and America for paper- 
making, but it is usually mixed with either 
rags or esparto, as it is too brittle to use 
alone. It is first dusted, then in many cases 
cut into chaff, and boiled under high pressure 
with caustic soda, after which it is washed and 
Ueached in the usual manner. 

Wood Paper. Wood is another material 
that is largely used in the manufacture of 
paper. The wood selected is generally poplar 
or white pine. This is cut into slabs, which, 
hy one prooess, are pressed against a mill* 
rnone itmning at high speed, the fibres as 
they are separated beinff taken away, sorted 
aooording to fineness, ana pressed into pulp or 
half stuff, which is sometimes made into pKpet 
akme, hut it is mote often used as an admixture 
for making inferior paper. There are also other 
ways of mparing tne wood in a chemical 
manner. The wood is also prepared by being 
fed against revolving steel cutters, which reduce 
it to small chips ready for maceration into 




Irown Papar. Broum paper is the general 
name applied to wrapping papers of all qualities 
and materials that are of a brown colo’^r. The 
coarser varieties are made from old rope or 
unblea<h(Hl manila and used for all kinds of 
wrapping purposes. When painted over w'ith 
boiled li nseed oil it makes a useful packing 
paper for machinery. 

wallpaper. Wallpaper is the mural 
decoration most goneraify used at the present 
time, and takes the place of the more costly 
textile hangings of earlier times. Wallpaper 
dates back to the sixUM^nth century, but it did 
not come into general use until the eighteenth 
century, while of late years well-known de- 
signers have devoted their sole attention to the 
subjcH^t, with the result that many splendid 
varieties are now produced. 

The liest wallpapers or© printed by hand 
from wooden bUxks upon which the pattern is 
out, the outlines being formed of brass or copper 
strijw set edgeways in the wood, n^quiring a 
separate block for each colour. 

The cheaper kinds of wallpaper are produced 
by machinery, the pattern being printed from 
rollers. Tlie machine-made pa|)er8 will scarcely 
hart* coiufiarison with hand -made papers, either 
for quality of tint or finish. 

Stencilling. Steptclllin^ is another, and, 
if not too elaborate, still cheaper method of 
decorating the plastered surfaces of walls and 
ceilings. The pattern is rut out of thin sheets of 
rinc or Bristol board, and so arranged that all 
the parts are held in position by small piect^ 
oailed ties,’’ which are left in for the purpose. 
In the stencil the parts which are to appear in 

lit8 


colour on the prepared surface are holes, while 
the parts to be left untouched on the surface 
are filled in solid on the stencil plate. 

FIBRES IN GENERAL USE 

For a full description of these materials 
Inference must be made to the section on 
Textiles. 

Hemp. Hemp, as known to commerce, 
is a tough, strong fibre obtained from the rind 
or skin of the hemp plant — by rotting the stalks 
under moisture — and afterwards prepared in 
various ways for use in manufacture It is 
extensively used for weaving into coarse fabrics 
such as sailcloth, and also for twisting into 
cables and ropes. The plant is a native of 
Central and Western Asia, and is laigely culti- 
vated in India, but it has also been introduced 
into parts of Africa and Brazil, and is extensively 
cultivated in many other countries. 

Jute. Jute is the product of various pluits 
of the CoreAonts family; but the jute fibre of 
oommeroe is only produced by the two species, 
C. oapsuhris and C. olitarius, both of which 
axe natives of Bengal The fibre of the plant, 
which is glossy and capable of such fine division 
as to mix with silk, is obtained by maceration 
from the inner bark. It is largely med in Bengal 
for the manufacture of gunny bags, and is akK> 
used for making inferior ropes, but as it will not 
stand the moisture, jute ropes are not of much 
use. The refuse of jute may be made into a 
good quality paper. 

Coconut Fibre. Coco-nut fibre, or coir, 
is the name given to the substance of the fibrous 
husk, or rina, surrounding the hard shells which 
enclose the coco-nuts, or fruit of the coco -nut 
palm. The coir or fibre is manufactured 
into matting, b^, brushes, etc. The refuse 
is used by horticulturists to cover the soil in 
carpet biding, to protect bulbs from slugs, 
to pack between pots of cuttings, and for other 
purposes. 

Ropn. Hope is technically the name given 
to a cord over 1 inch in circumference, but the 
name is commonly applied to any thick cord. 
Smaller ropes are call^ lines. J^pes may be 
divided into two kinds : (1) Those made of hemp, 
manila, flax, cotton, and other flbre; and (2) 
those of iron, steel or other wire. Ordinary 
ropes are usually of hemp., and are composed of 
a number of threads or yams, first spun into 
strands which ore afterw’ards twisted or laid 
right-handed together to form the finished 
rope. Each rope has a different name, according 
to the number of strands it contains. 

FI AX. Flax, or lint, is the name employed 
to denote both tlie so-called fibre and the piant 
from which it is produced. The flax is really 
the remaining fibres of the stems of the plant 
after the superfluous matter has been removed 
by either one of the methods known as toaler- 
retting or rotting, and dew-retting, of which the 
former is the more widely used. The fibres, 
w'hen produced, are used in the manufacture of 
linen cloth and thread, cambric, laoe, etc. 

CanvAA. Cantos is a heavy woven cloth 
of hemp or flax flbrea, used for any purpose 



where great strength is required — such, for 
instance, as sailcloth ; and so extensively has 
it been used for this purpose that the term 
canvas in now often employed in speaking of 
the sails of ships. Originally, canvas was 
made from henip, and the name is a corruption 
of Cannahis^ liich is the scientific name for the 
hemp plant ; hut the canvas made from linen 
or other fabrics is now generally preferred. 
Other purposes to which it is put are grounds 
for oil paintings, backing for linoleum, etc. 

Cotton. ( ,'oWon is a white fibrous substance, 
the product of the cotton plants, Gemypinm 
harhadense, or sea-island cotton, yielding fine, 
long staple or pile ; the G. herbaceum, yielding 
the short staple or upland cotton of America ; 
beside many other varieties. But of them all, 
Uie first mentioned is by far the most important 
in commerce, owing to the length of its fibres. 

Cotton is used as the most widely adopted 
clotibing material for the human race, in the 
manufacture of thread, and in surgery as a 
dressing for bums, etc. ; while, when cotton is 
acted upon nitric acid, it yields the powerful 
explosive known as guncotton. 

CoUm-^wool is a raw cotton or cotton 
fibre either on the boll or prepared for use. 
It is the well-known fluffy material used for 
many purposes. For surgical use, it is treated 
with an antiseptic and known as medicated 
wool. 

W<K>I. Wool is a soft, curly hair which 
forms the coat of sheep and some other animals, 
as the Alpaca and Angora goat. The wool or 
fleece of sneep forms by far the most important 
clothing material in all cool climates, and it may 
be taken as the finest variety of the substance, 
as the coats of some animals run by almost 
im}K*rc<‘ptible degreees from w(K) 1 to hair. 
Wlijen shorn, wool is divided into two classes — 
long, or amdting wool, and ehort, or carding wool — 
which latter seldom excet^ds '1 in. or 4 in. 
long and produces the finer varieties, while 
the long staple makes the coarser kinds. 
The wools, carding and combing, obtain their 
names from the manner in which they are 
worked — the former being worked on a carding 
machine, while the latter is prepared for spinning 
by combing. 

Cloth. Cloth is a fabric formed by weaving 
threads of cotton, hemp, flax, or other vegetable 
fibre, or a texture of hair or wool. It is uw^d 
for making clothing, and coverings of all kinds, 
as well as for many purposes too numc?rous to 
mention here. 

Felt. FtU is an unwoven fabric of short 
hair, wool, or fur, the fibres lx*ing matUnl 
together bv a kind of mutual adhesion. The 
hairs which contain the best felting properties 
are mohair, alpaca, camel hair, b^ver hair, 
and rabbit hair, the last mentioned esp^ialJy 
supplying the finer felts used for hat- making. 

Lining fdt as used in building, U a 
coarse felt placed between two layers of boards 
or on the inner surface of walls as a non- 
conductor of heat and also to deaden sound. 
A similar fabric, made of asbestos end hair, 
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sometimes mixed with a lime cement, is used 
as a non-conducting covering for Ixiilers and 
steam pipes, and there art' many other varieties 
of coverings for the purjioHe t>ased upon the 
same general principle's. 

Roonng Felt. feU is a some- 

what similar material to lining felt, used for 
covering nwfs. It is not a true felt, but a 
mixturt' of hair or other animal librt> com- 
pounded with a tar pn'paration. and rollt'd into 
sheets, which an* naiti\d in the requinnl position, 
and, if not otherwise eovertnl, they art* thtm 
coated with tar and sandinj to hold the tar 
when exposed to tin* sun's rays. 

Ruheroid is a rcKifing felt, saturated and 
coated with a patent compound which is said to 
be non-oxidising, water-, acid-, alkali-, and 
weather-proof. Its foundation is wool felt, 
and although it looks like millboard covered 
with rubber, having a smooth or slightly ribbed 
surface, the makers state that no paper is used 
in the manufacture, and that it contains no 
tar, pitch, rubber, asphalts, or other short* 
lived ingredients. It is used as a sarking felt* 
an external roof covering, and as a damp-proof 
course in walls. 

ImpregDAted Foundation Felt. This is 
another wool felt material, prepared in various 
thicknesses, for insertion under machinery 
foundations to prevent vibration and deaden 
sound, and may \)o used under fioors as a non- 
conductor. It is durable, resilient, weather- 
proof, and fire-rcHisting. 

SUNDRY MATERIALS 

Doxtrino. Dextrine, also called starch 
gum, and gommeline, is a white gummy sub- 
stance of the same composition as starch. It 
is largely us(*d in the arts and rm^dicinal work 
as a substitute for gum arabic. 

Alabaater. AUilMder is a mineral, not 
unlike marble, of a colour varying through shades 
of red. yellow and grey ; but the most valuable 
varieties are pure white, os, for example, that 
found in Italy, near Florenc'c. There are two 
distinct kinds of alabaster — ( 1 ) the gypsi^ous or 
granular variety, or sulphate of lime ; and (2) 
the calcareous variety, or carlionate of calcium, 
which was the alalmster us4*d in ancient times. 
Alal)aster, Ix'ing soft, can bo tum<*d with a 
lathe or carvwi with a knife, and is largely 
used for making vases, statiietUts, and other 
small works of art. 

Blue-^ohn. This is the local name given in 
Derbyshire to a blue variety of fluorspar. 
The name w^as first applied by the miners who 
discovered it, in order to distinguish it from 
the ore of zinc, known as lilack Jack. 

Blue-Billy Tnis is the name applied to the 
residuum of pyrites afu*r the manufacture of 
sulphuric acid or sulphur has lieen carried out. 
It is largely usc«d for refmiring puddling furnaces 
in some parts of the country. This name is also 
givf*n to the quicklime removed from g«s 
purifiers. 

Continued 
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SCAFFOLDING, STAGING AND GANTRIES 

The Variotui Syitemi Employed for Different Purposes. External 
and Internal Platforms. Piling^ and Stnittiog. Derrick Stag;ing:s 


By Professor R. ELSEY SMITH and W. HORNER 


SCAFFOLDING 

Before any building ha» l)e©n raised far above 
the ground level, the work will Ije out of reach 
of a man ntanding on the ground, w'ho cannot 
do satuifactory work at a level of more than 
5 ft. at tire outaide above the ground ufwn 
which he stands. Platforms roust l>e cnK^U^d 
at successive heights as the building grows, 
that work may Is* carried on and roaUTial for 
irorot'diate use may l»e stored. The t<‘rm 
scaffold is applied to such platforms and the 
framework arrang(Hl to carry them, 

A BrlcKlayera* Scaffold. A bricklayers' 
sra/Told 1621 consists in this country of a 
temporary framework of circular Hr poles of 
various sizes and lengths, which are lashed 
together with cords of hemp or of galvanised 
inm wire. Tiiis lashing is termed tiding. The 
average size of a pole may Ik* takim to lie alsmt 
fi in. in diameter, with a length of 30 ft. 
The franc* of the scaffold is formed with 
a seritis of vertical posts. t<'rmid titandardn. 
These are plactd about H ft. apart, and at a 
distance of 4 to 5 ft. frtm the face of the 
W'all. Tin* fool of each standard is, if circum- 
stances permit, imlndded for about 2 ft. in 
the ground ; but if it is to stand on a pavement, 
as in a strwt, it may Ik* plactd in a large tub 
filled with earth, or, when in jiosition, may Ik* 
surrounded with a mtwss of concrete, the object 
in either case Uung to k«H*p the foot from 
shifting. 

For scaffolds of m d ^rate height each standard 
consists of H single pole, and may In* extended 
upwards by hishiiig another |H)le to it. Where 
a lofty scaffold is to Ik* erecUd, the standards 
may W formed throughout of two poles of 
unequal length loshtd side by side, so that, 
w’hen extendid upwards, tlie jkiK's will U* 
jointed at different levels, thus breaking the 
petition of the joints and rendering the work 
stiffer. The lashing of two such poles together 
is tel mid tnarrtfing. 

Similar fir jKdes are placid horizontally 
against the standards and are securely lashed 
to them. Tiiese are termed ledgers. They are 
placed at intervals of /i ft. — which distance 
It term.d a scaffold height — right up to tbe 
highest level netvnwary for the building. To 
stiffen the structure thus formed. 08piH*iaUv in 
exposid sites, j>oles are placed diagonally from 
the base of the scaffold to the top, and are 
laahed to iKith standards and ledgers to prevent 
any racking of the scaffold. 

Kmcting the Scaffold* In this wray a 
light* strong frame is constructed i>aralle! 
writh the face of the wall to be built. It is not 
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completed l)efore the w'ork starts, but grows 
with it, the height of standards being increased 
and additional ledgers added as required. 

The lashing of the framework is carriid out 
liy mi*^ns of scaffold cords (which are 8 ft. 
lengths of manilla ropi* whipped at both ends) 
twisted several times round the two poles to lx? 
united, whether they are at right angles or side 
by side. The scaffolder's principal tool consists 
of a special hammer with a spur projecting from 
it. In tying, the cord may lie twisted round 
the handle, the head plactd against the pole as 
a fulcrum, so as to draw' the cord tight. Tiu* 
cords are fau^ten^d off by threading the ends 
under tw*o or tliree turns. Tlie liammT is also 
us(d for forcing the cord into position. When 
the lashing is completed. poinUd wedges 
having one sid<* flat and the other round are 
inserUd Isdw'een the pole and the cord, and 
driven in to tighten up the joint further and 
left in i)o8ition. Such curds are liahle to 
shrink in W'et weather and to stretch again in 
)iot, dr>' W'catlier, and iind(‘r such conditions 
the scaffold must Ik* examinxl and the wndges 
tightemd up. 

The wire cords are not liable to Ik* affected 
hy weather in this way, and can. in most coses, 
Iw ti(d sufticienlly tightly witliout employing 

W'tdgeH. 

Platforms. The platforms are formed as 
follows : The brickw'ork having l>cen carxied 
up to the level of the top of the fresh ledger, 
small K(|uare timljers. termtd putlogs, usually 
split out of bireh, about 3 in. square and 5 ft. 
long, are laid about 4 ft. apart, one end resting 
for al out 4 in. on the brick wall and the other 
end im the hdger, and some of them, at least, 
are s cund to the hdger. 

On these tirolK*r8 scaffold hoards ore laid side 
by side ; these are usually about 12 ft. long, 

in. wide, and 1 J in. thick. The square comers 
are splayed, and the ends are protected with a 
strip of hoop-iron nailed to the l)oard, which 
prevents them from splitting. To form working 
platforms these are laid side by side across the 
putlogs and the full width from the wall to 
the ledger, and the ends are butted one against 
the other. At such joints two putlogs are 
placed close together, each supporting the ends 
of one set of boards. Boards sometimes have 
tfie ends lapped. but this is not so good a method, 
and in no case should the end of any board be 
left without a support under it, or U may tip 
up if stepped upon and cause an accident. 
Along tbe outer edge vertical guard hoards, to 
prevent materials ffuling off. are fixed, and at a 
height of 3 ft. 6 in. a ndl is fixed for the pro- 
tection of the workmen. 
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Run*. Run8 may alao be formwl from one 
part of a scaffold to another, and should not l»e 
less than 18 in. wide. These are formt^d of two 
boards (or more) laid side by side, and they 
should be joined together by strijw of wood 
nailed at intervals on the underside. 

The lowest platform of all is left permiuiently 
in position, and, if next a street, must have a 
double layer of Iwarding to prevent dust and 
rubbish from falling through. The other stages 
are removed sucet'ssively as the work procetHls. 
and are re-ereoted at a higher level. 

The foreman must sw that the scatTolder 
prepares each stage in advance of the brick- 


layers' requirements, so that there may be no 
delay. As the wall is built up from any stage, 
a half- brick is omittiHi.whert* the putlog rests on 
the wall. This is known as a putlog hnlf^ and is 
filled in later as the scatToUl is taken do\^*n. 
If the '}X}inting [see Biuoki,.\yek 1 of the wall is 
left to the finish, the stagt'^ must Ixi tempomrily 
ixunstated to execute this work, and the putlog 
holes are HIKhI at tlu' same time. 

Internal Scaffold. The frame diwrilKd 
is nssiunetl to bo placiMl on the outer sidi* 
of the wall, but a similar frame and ])lat forms 
must in many cases l»o eret'ttd on the inner side, 
otherwise the bricklayers would have t<i wtirk 
on the inner fiu'e ovrrham{—i\m\ 


Jid. 


* m * 


■ 0 1^, O' 


o— : to ; - d 

'O--^ 0--“---0 - o- 


i ^ Ih 

!>:?• 

i i| U'i 

I -H 

'ill |i I 

'5.-— i 


A EJ- L Ji . iL 

f>LilO wiTfl CAP'M ■ ^ 

62 . DOKKiMDo smm ^ ()Vm xmu 


QIWTIOn 


;fCTion 


; mxhi' 1 '50W)W 

^ I 

I 

6 f.pPorcavKi r«t 


‘-yiiwoww 

'I I mi/ 

■ nooo ■ // 


PWCTW 

jimcDuoic 


65 .)tCTK )/1 or A )(AffOLO 
CJ^CniDAOOaT AlOWCfi 


is, by leaning over the wall to 
set the inner bricks, and such 
work is not capable of a finish 
equal to that execute<l in the 
ordinary manner. 'Phe inside 
seatTold is often slighter and h^ss 
comjileli*. and advantage may l»e 
taken of cross walls to supjMirt the 
liMlgt'rs. 

Cross Bracing. In addition 
to the bracing alrea<ly descrilaxl 
in the plane of the framework, it 
is desirable wherever inner and 
outer frames are employinl to tie 
them together. 

'Iliis may bo done where door 
and W’imlow' ojsaiings o<>eur, and 
contribub's to tlie rigidity of the 
sealTold, and jiartieularly »n ex- 
poswl Rituntions helps to n'sist 
the action of tli«' w ind, which often 
b‘nds to force the whole sealTold 
out of the jKTjM*ndieular. OnojK'n 
Hites poles may be en'cbal in the 
form of raking struts to sternly 
tlie outer seafTold when it cannot 
1 h» ti(sl to the inner one. 

A Masons’ Scaffold [63] 
A masons* seafTf^ld rcHcnibles a 
brieklayerH* sealTold, but when a 
wall is built of large stones, 
there are no longer the faeilities 
alTordfsi by briekw'ork, of fijrrning 
putlog holes to take the inner 
ends of the puthigs. and two 
frames are required, one usually 
alsMit r» ft. from the wall and 
the inner one al>out fi in. only 
from it. 

The materials b) Is' dealt w'ith 
are often much heavier than in 
the ease of brickwork, and the 
standards may Isi nlaccsl nearcT 
together and la'a^tHi more rigidly 
to provide wJequatc support, 
and they must l»e secund so that 
there is no risk that they will 
lean away from . thc’ face of the* 
wall. 

The illustration (62) shows a 
senffold suitable for the erection 
of a small building of considerable 
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height, Buch as a detached sanitary tower of a 
ho^iUl 

iSadders* Access to vanous parts of the 
scaffold is provided 1^ ladders. They are made 
of various lengths, and arc describe by the 
nuralxT of rungs they possess. Very long ladders 

are often 

used for 
repair- 
ing and 
painting 
work, but 
in connet'!- 
tion with 
scaffold - 

ing, ladders of riiorlerate !<*fn;th arc used. Where 
a gr(?at height has be re.aeh<»d, several ladders 
are employt*d. luid a platform is jirovided on 
which bihind fromeiuh Wore climbing the next. 
Thef(S)t and head of each ladder must lx* firmly 
lashixl or otherwiw^ W'cured, 
and a strut is jirovidcxl from 
the H<*afTold alsiut the eentre 
of the ladd('r to pr<!vent 
oscillation. 

Hoiatifif Material. 

Materials art^ often earri<*d 
up hy lalKiun^rs in hexis or 
baskf'ts. For larger build- 
ings. the height of whieh is 
not great, a kind of well- 
hole or run is provi«led at 
sonu' eonvi'nient sixit, and 
lituxl with seatTola boards 
ploixx! vertically to enclose 
it on two (»r three sides. 

Materials an* lausted in 
barrows or baskets by mt'ans of a |mlU‘y and 
windliiss worktxl by band or by a small engint*. 
For large works one or more uerriek (Tanes are 
used, and by their means maU'rials cim Ih' 
hoisted from eartsand dejxwited diri'ctly at any 
d(*sired s|X)t. Small materials such os 
bricks, arejNiekixi in eraU^s andhoisttxl 
in bulk. Large st<»nes, timbers, inm- 
work, t'tc., are dt'alt with separately, 
and great cart' must Ix^ taken to see that 
they are pro|x*rly seourtHl lx*fore they 
art* lifted. 

In exceuting repairs, a st^afTidd may 
Bometim(« Ik» erecttxl round the upper 
part of a building without bt^ing built 
up from the ground. In the case of a 
ttiwer. for example [ 66 ], strong beams 
may Ix^ passed through any suitable 
o(Mming. extending from side to side of 
the tower so tliat the load on the two 
tmds will counterbalance and form 
a base on which a scaffold ma}’^ bt* 
constructed. The outer ends of these 
timbers may often be strutted from a 
projecting string course at a low’cr level. \Miere 
the Fxmuu cannot or is not required to pass 
right through the building, the inner end must 
be secured against any tendency to tilt up by 
being stmtted a^inst an upper* floor. 

P^tecting F ann. Where such work has 
to be executed adjoining a public thoroughfare, 
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and where old buildings are bemg pulled 
down, wooden fans are aften formed for the 
protection of the public f64]. They are con- 
structed in the manner just indicated ; hirers 
are passed through the available window 
openings but are not placed horizontally as for 

a scaffold, 
but in- 
clined up- 
wards, 
and the 
inner ends 
are se- 
curely 
fixed. The 

outer ends are covered with boards or cross 
dx^arors, and are placed, if required, to receive 
the close boarding. Various forms of patent 
standards for scaffolding and extending scaffolds 
are to lx* hired or purchased, and are useful 
for special forms of work, 
but the ordinary scaffold as 
alK)ve descrit>ed remains in 
general u.se. 

Sling Scaffolds. Sling 
scaffolds, or boats, are iis(»d 
esyxx'ially for jjainters’ work. 
They require a strong pro- 
jecting beam fixc*d ulK)ve 
the level at which work is 
U) lx* exet'ubxl. From this 
a small stage or platform, 
protected by rails and large 
enough for one or two 
workmen, is Kuspendt*d by 
cords and pulleys, and can 
lx> rai.sed and IowthkI at 
w ill. The cords and tac'klc used for hoisting such 
boats must Ix) thoroughly examined ix*riodically 
to see that they afe in a jx*rftH*tly sound condition. 
STAGINGS AND GANTRIES 
The bricklayers’ st^affolding made of jxiles 
and ledgers, lashed together w ith rofK*s, 
and supp^)rting putlogs and planks, 
have hut a limited service in 
engineers’ work, which is generally of 
HO exai'ting and varied a character 
that something much more substantial 
is requinxi. The stagings of the 
engineer are used for the erection of 
girder bridges, viaducts, 8te<d roofs, 
piers, and allied work, taking the 
place of the centring of the bridgis 
of stone and brickwork. The scaffold- 
ing of the engineer has to carry masaive 
girders of steel, and often besides 
cranes and tackle for hoisting the 
same. These “ temporary worlw,” as 
they are called, are often constructed 
of steel, but with thesis W'e are not 
concerned. Hiey are of rather a costly 
character, even though built of timber, bc»cause 
of the larg^ quantity required and the labour 
engaged in their construction. 

GantriM« There is also a tyfw of staging 
better known under the term gantries, the func- 
tions of which may be identical with, or different 
from, the foregoing. Gantries are built for the 
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erection of work simply, or they are structures 
for carrying travelling cran^, or erecting 
towers, tr skips, etc. Ine difference in the two 
is rather in function than in essential form or 
design. In the case of many architectural 
works of a large and substantial character, 
especially when masonry is much used, various 
forms of gantries, including derrick platforms, 
are very generally employed. 

Trestles. Allied to these, again, are the 
trestles, or clusters of braced stanaards used for 
carrying horizontal staging, the timl>er stivging 
for derrick cranes, the towers for aerial rojK^wa^ii, 
all having this in common, the cross bracing 
jf vertical members otherwise liable t<» Wnd and 
jneld under loads. 

Stagings, again, may he broadly dividend in two 
groui>s — the fixcKl and the portable. The first 
IS the more common, the second lK*ing ustsl 
chieHy for the erection of bridges over deep 
itreams into which piles cannot 1 m‘ driven. It is 
also tmiployed in erecting gaslioiders. 

Methods of Union. One feature which nil 


angular 
frame from 
“going cniss* 
comert'd “ — 
in other 
words, assn* 
ming the 
form of a 
rhombus. 
This fact 
illust r a t es 
one of the 
functions 
of bracings 
and strut - 
tings. Hut 
another of 
t' q ii a 1 i in - 
jwrtnncc is 
that bracing 



puts the tall standards into (he eomlition of 
short eolumns. 'riiis means that tlu^ tall 


stieks of timUr, even though, say, 12 in square. 


these struc- 
tures have 
in common 
is the me- 
t h o d of 
union of the 
timbers. As 
these con- 
K i 8 t of 
balks, 
mostly w ith 
some half 
timbers and 



plank deck- 
ing. the line work of the joiniT is out of the that 




a r (' V e r y 
W'<*ak, and 

WDiilii Ismcl 

and yield 
if unbraci'd, 
but when 
s('V(*ral of 
t h I* St' are 
c o n ni' e t • 
e d wit h 
d i ag o n a I 
bracings the 
H i r e n g t b 
b c V o in e s 


of short columns of largi* area of 


question. The stub tenon and the joggle pre- 
dominaU*, and the real 
• agents of union are chieHy 

V bolts, dogs, and spikes, llie 

‘ ' tenons and joggles prevent 

slipping of the liralH'-rs over 
one another, but 
their security 
defK*nds on the 
bolt and other 
fastenings em- 
ployed, 

Bracing 
and Struts. 
Another essen- 
tial charac- 
teristic is that 
bracings and 
struts enter 
largely into con- 
struction. The 
taller and 
longer the struc- 
tures the more 
importance do 
these assume. It 
is a familiar fact 
that one dia- 
' . ^ . gonal brace will 

71 prevent a reel- 



base. 

Fixed Stagings. Fixed stagings on land 
art'i built on squared timbers (balks) sunk into 
holes dug several feet deep m the ground, 
and loaded round with large stones. 'Phe ends 
are well tarred first. Similar stagings in streams 
or on dock sides, or on breakwater and fiier work, 
are built on squared piles [66 and 67J shod with 
steel and driven into the soil. The real work 
lies here, since the difliculties are greater than 
with Huperstructural jrirtions, (Jood piling 
is a firm foundation on whieh to build. 

Piling. Piles are n*ridered capable of 
supporting a superincumlsmt load either by 
their reaching firm ground, or, when no such 
ground exists, by the friction of their sides against 
the soil. Much difference of opinion exists in 
regard to each of thest% but when an ordinary 
monkey, let fall from its full height, fails to 
move a pile more than J in. or 1 in., it is con- 
sidered that the pile has found a firm bottom. 

Tlie spacing of the piles is settled by thi^ 
load upon them. About l.(JO() Ib. per square 
inch of head is a safe load. 

Htability is often studied by driving piles in 
diagonal directions instead of perpendicularly, 
imitating the batter of walls, ana thus inentosing 
the width of the base considerably. This con 
only be done in one direction as a rule, tho 
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t^xoc’iption a Htructurt* with a ham- of H(|Uuro 
or olilon^ form. 

It iH not Kufliciont to (lnv<i pilon firmly ; they 
muMt Ik' tonJ together in Home way ho as to eiiahlo 
them to withnland the rolling or roeking loadn 
to which they will 1 h' Huhjeet. Pilen an* ufUm 
tied together hy Hlrauung ehainn with a tighten- 
ing Hcrew. 'J'he ehainn are attached to tlu* pilen 
which form the four cornern of an <*ncl(med 
m't^uigh', and are Here wed up taut. SometimcH 
thi’ fantening doun of the croHH timber» and 
decking are Huftieient. but more often. cHjK'cially 
in deep ]Jiling, tlie timbem have to Ik* ntrutted 
167-71] or connected with diagonal lK)ltHcroH8ing 
each other. It m not UHual to place much 
reliance on bolt faHteningn or on the end contact 
of timU'rH for Htabilitv, Imt to tnwt more to the 
judieiouH croHKing and Btrutting, which prevent 
initial inovemenlH. 

The uprightH or HtandardH of Ht-agingn erecUHi 
on land 1 71—78] ha VI* the «ame functiona 
a« pileH tlriven under water, and the reraarkH 
juHt made ri'Hpecting tying them together and 
Htiffening with ntrutn or croHHing Iwlta apply 
whether the stagingH are fixed or mount<*d on 
W'heeU. 

Strutting. The ntrutting of main timbere 
when done proj)i*rly renders movement in any 
direc’tion in the plane of the Htruta imiK>88ible. 
The strutting w made double, equal, and in 
optK>site directions, for this purpose ; the 
stjcas tending to move the structure as on a 
pivot to right hand or left is met by its strut or 
set of struts. The struts must, therefore, be 
provided with some suitable rcsistanoe. Here 
It should bo obvious that no mere tenoned joint 
w*ould hold the members hrmly. Though stub 
tenons are sometimes used to prevent slipping 
sideways, iliey are never relied on alone, but 
straining pieties, joggles, or abutmemt pieces, as 
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they are variously 
termed [67. 68, 72, and 
78], are employed. 
They may be long 
pieces bolt^ or spiked 
to the main timbers, 
oi short chocks only, 
similarly fastened as 
shown in 72 and 78. 
These take the stresses 
on the struts, but the 
latt<*r must bt* also 
bolUd or dogged 
securely to the main 
timbers, the bolts 
pasHing through and 
their heads and nuts 
le sting on iron 
washeiH. The dogs 
are simply driven in 
just as tKe carpimUT 
drives his little dogs 
or staples temporarily 
into timber. Too 
many Ixills in timliers 
are objectionable, not 
only lx*cau:H‘ they cost 
mon* to make and fit 
than dogs, but also Is'cause the bolt-holes 
lessen the value of the timl>er for sale. Tliis, 
of eourse, only apjilies to U‘mporary works. 

Horixontal». The upfwT horizontal tim- 
Ihts must Ik* adequati‘ly supporU*d. If the 
piling or the standards are not very far apait, 
the horizontal timbers generally require no 
other support. Freijuently, however, two sets 
of horizontals are uhkI, laid one over the other, 
erossing at right aiigh*s. Hut, apart from this 
device, horizontals must Ik* stiffened if they 
are supported only at long intervals. This is 
done either by strutting [72], or hy trussing (76 
and 76J. The first namt*d is less costly than the 
second. Hut when timlK*r.s are very’ long, 
trussing is the only method practicable, and 
this may Ik* single [76] or double [76]. In this 
the stresses tending to bend the timlK?r dowm- 
wards are transmitU^d to the tniss or tie-rods, 
which arc anchored at the timlxT ends, and in 
a strut of cast iron [77], or two such struts, 
fa8tem*d to, and projecting from, the bottom 
face of the beam. This device is not often 
adopted in temporary stagings, hut it is usual 
in jH*rmanent gantries. 

Tall Stagings. Tall stagings [68. 69, and 
70] are essentially a multiplication of the single 
st.aging. They' are necessary where the girders 
for bridges and viaducts have to lx* carried 
across deep ravines. They are made broader 
at the base [69 apd 70] than above, and the main 
membeis form several tiers, which are each 
strutted similarly to a single element. Around 
this general design engineers effect all kinds of 
moditications adapted to any particular piecv* 
of erection in hand. 

Portnble Stagings. Portable stagings 
embody the principles of construction of the 
foregoing in so far as the strutting and union of 
the members is concerned. The difference is 
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that, mBtead of fixed piles or standards, the 
staging is mounted on fianpd wheels [74], to run 
on raik, if on land, or is placed on a pontoon, or 
pontoons, if for bridge erection. 

Bridge^rectinf Stages. The stagingi* 
for the erection of bridges are of two kinds 
— those having the piles or standards spaced 
equally, and those in which they are clustered. 
The difierenoe between the two is as follou's. 

Equal Spacing. Here the bridge is 
erected on stagings which are placed at regular 
intervals [68], excepting near the centre of the 
waterway, where a space of double or treble 
that allowed elsewhere is given, in order to permit 
of navigation there. But at any other locality 
the stagings bar traffic. This method is only 
suitable where streams are not liable to flood or 
to drifting ice. It is a simpler construction 
than the cluster device, but in some cases list's 
a larger ^antity of timber. 

The Cluster System. In this (69 and 
70] navigation is scarcely impedt*tl, since tht'> 
clustered standards are spac^ widely apait. 
But this involves the connection of the tojis of 
the standards by horizontal lieams, so making 
a gantry. Thesis bearan of timl>er or stt'cl are 
generally both trussed and strutUnl. to enable 
them to carry cranes and the loads of the 
bridge girders. 

The standards for staging must consist of 
piles in swift streams, and in those' like the rivers 
of (’anada and North 
A m e r i (• a , m - h e r e 
floating ice eonus 
down. It is also 
safer in slow-run- 
n i n g navigable 
streams, 

Tliere are many 
eases in wlneh it is 
n6t necessary to 
drive piles, but the 
standards are instead 
stood on the river 
IkhI and enclosed 
with a mass of 
rubble | 68 ], to pre- 
vent them from 
shifting. Or the 
two methods ai e 
used in combina- 
tion, some standards 
bi'ing driven, others 
not, and the bases 
loaded with rubble 
and the upper por- 
lions brac^. On 
land, standards are 
sometimes carried on 
horizontal timbers 
[71], as, of course, 
they must be also 
when a travelling 
staging is mounted 
on wheels [74], 

Choice o t 
Methods. What 
particular method 


shall be adopted in any case is a question 
for settlement by the engineer, w'ho has to take 
all the local circumstances into consideration. 
The nature of the ground, the span, height, 
wind pressure, navigation, etc., all have 
enter into the calculation, and a matter as 
important as any is that of cost. 

Alternatives to Stagings. The staging 
method of en»rtion of bridge's is alterna- 
tive to that of floating out bridge girders, or 
rolling them out from the shore, or building 
them out from their piers. It possesses the 
great advantages of giving tlie men a good 
platform to w*ork upon, and under some con- 
ditions may tlius prove less costly than other 
methods w here no staging is used. The parts of 
the work that are In'ing erected are not subjeeU'd 
to any strain, sueli as often uecurs in the otlier 
methods, esjx'cially in the ease of cantilever and 
girder bridges like that over the Fortin or the 
archeil bridge just built i>ver the Zambt^i. Kvery 
memlMT is 8upportt*d by thi' staging until the 
last rivet is elosed, and each is then subjecU'd 
only to the normal, stress for w'hieh it bos lieen 
pr(»portioned. 

Joints. The mothocts of jointing the heavy 
timbers for staging admit largely of rejMdition — 
that is, the forms us<'(l nre not very numerous, 
but they occur again and again. Some of the 
principal are shown. 

It may Im* laid down as an axiom that the less 
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catting done the better from the point of riew 
both of cconomj^ and of strength ; economy of 
time, and also in money, from the fact that the 
materia) is more saleable on the conclusion of a 
contract ; strength, because deep cutting 
diminishes the strength of a section. Still, as 
already remarked, it is seldom usual to trust 
to boltfi alone for security, but joggling, even 
though shallow, is piactised. Beams, stringers, 
transoms, are notched or joggled, and struts are 
stub-Umoned. Strap bolls and tluough bolts 
figure largely as fastenings. Where these alone 
are not sufficient, straps of forms suited to the 
joints and direction of joints of the Ix^ams are 
laid against faces and boit<‘fJ ihrrjugh. Numerous 
examples aie grouped in 78-"91. Fig. 78 illus- 
trates the siionJdering of an upright lx*tween 
two hoi izontul.i. Fig. 79 is similar, with the 
addition of a rliagonal strut, which rests on a 
horizontal. Fig. 80 is a iliagonal timln*! : a 
ch(Hk fifls in the end, and the whole is bonded 
and liolted together. Fig. 81 is a diagonal strut 
abutting on astep or straining-piece, andsecured 
by bolts. The long holts flanking the diagonal go 
unto horizontal tinilnn. Fig. 82Hhow'B the detail 
of tin* other imd of the diagonal fastening to the 
horizon tal 


In the fixed type [72 and 78], which may be 
extended to any length, the work being an 
exact repetition of that shown, the cheapest 
style of construction is given. The various 
members are fastened w'ith dogs. The verticals 
and horizontals are strutted, and diagonal struts 
afford stability at the ends [72] and sideways [78]. 

In the portable type [74], which has to be stable 
in itself, more care i.s taken w'ith the joints and 
fastenings. On such end framings any super- 
structure can be raised, either timber beams for 
cranes or floorings. Strutting of these in a 
direction at right angles wdth the plane of the 
framings must he done, and if the beams are of 
any eonsideraWe length they must be trussed. 

The travelling wheels must hav’c their axles 
carried in cast-iron bearings bolted to the 
limlxTH, and in heavy gantries provision must 
lx* made for travelling by toothed gears operated 
by winch -handlf^K. 

Derrick Stagings. When it is neechsary 
(o hoist materials to a gnat height, as in the 
ere<‘tion of tall buildings, a derrick crane mounted 
on a high staging (71] is more economical than a 
gantry with a travelling crane. Tne kind of 
stage emphiyed for this piir|x>se consists of 

three biiilt- 



mcHliaU' tie 
securing a 
vertical to 
a diagonal 
member a- 
way from the 
end fasten- 
ings. 

Fig. 86 



89 




up legs, one 
at e a c h 
corner of a 
ti i angular 
base. Tht; 
main one, 
known us the 
king leg, 
supports the 
derrick. The 
other two 
are termed 
tj u e (' n or 
eliain legs, 
and their 
function is 


shows horizontals and veiticals fastened to afford ancliorages for the guys of the 
with tenon and bolts, and a diagonal stub- derrick. These legs each consist of a square 


tmoniHl ; 86 is a right -angle fastening, tenoned column of lattice-work formed by four vertical 
and bonded with a strap bolted through; 87 comer timlx*rs. each of about 1*2 or 14 in. square. 


shows uprights iinittxi to a horizontal with a eoimc^UKl by horizontal and diagonal bracings, 

joggled pic<*e ; 88 illustraU^ strutting attAched The king leg has a middle vertical timber, in 

w’itu an iron knw ; 89, crossing diagonals addition to the corner ones, and is generally of 

shouldert^ into the upright ; and 90 and 91 show* larger dimensions than the queen legs, though 


various crossing joints shouldered and secured all are of the same height. Owing to the great 

with covering strajis and bolts. These do not height, the vertical tim tiers have to be built up, 

exhaust the jbints }>OH8ible. hut scarfed and cither by fishing balks end to end, or by bolting 

jogghni forms, and the methods of making a numlx^r of deals together and arranging them 

mortises and tenons, etc., w'ill lie given in the so that they break joint. A secure base of 


course on Carventry. The timber used fo^ 
■tiwiDg is usually deal or pitch pine. 

Gantry Stagincs. (lantries and staging 
for travelling cranes, crabs, erectin*? tow’ers, and 
for fixed cranes, are used largely. The principles 
laid down are embodied in these. There are two 
principal types— the framed structure and the 
Iw^ea — and both kinds are made fixed or 
portable. Gantry framings of both kinds are 
shown W’ith variations in the method of con- 
struction. 


concrete or crossed balks must be prepared to 
erect this staging on. The legs are connected 
at the top by trussed girders, and below by 
diagonal timbers. 

The legs are loaded with kentledge, either 
bricks, stones, or pig-iron. A chain is suspended 
from tile extremities of the derrick legs, and is 
loaded near the CTound. This prevents risk of 
overturning of the crane, or lifting of the back 
guys, which in ordinary cranes fixed to the 
ground is done by bolting them into the sleepers. 


Continued 
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Group 3 

NATURE’S RECORDS OF EVOLUTION biology 

The Story of ETolntion Read in Rocks and Animals. Geolog^ical g 

Succession of Animals. Theories of Weissmann, Beard, and Reid 

OnttiiiKcni fr*»in 
IHmr liviM 


By Dr. GERALD LEIGHTON 


Geological Periods. Tlio story of the 
rooks depends upon the fa<‘t that the deposits 
of sand, mud, limestone, and so forth, which niY' 
formed are arrangtKi in sueot^ssive layers, of 
which those nearest the surface' art* the most 
rt»e<*nt, unless some upheav'al has occurr<*d to 
alter the arrangement. Any given stratum or 
layer of rock, together with the fossil remains 
found in it, is therefore of greater antiquity 
than those which rest upon it, and of inoie rect‘nt 
datt* than those which are found underneath it. 

From this fa<*t geologists are able to arrange 
strata in their order of time, and thus to con- 
struct “ the geological n'cord. ’ This record 
constitutes the story of the rocks. The details 
of it will U* found in thi* coum* on (ieology. 
We may simply note hen^ that it can Ik* divided 
into four gr(‘at imtickIs, which an* characterised 
by fossils of corr<*s[K)nding tyjx’s. These four 
periods are as follows : 

1. The KainozoK’ Epoch, the youngest of all. 
corre^Kmding to the age of birds and mammals. 

*2. The Mesozoic Epoch, corrcsjKmdmg to 
the age of reptiles. 

3. The Pal.«ozoic Epo<'H. corresponding t(» 
the age of amphibians. iish(‘s, and invertebrate 
ereatuns. 

4, The Eozoic Epck’H, <he age of unknown 
forms of life. 

We ourselves live in the first of thcsi* epochs, 
the Kainozoic, a j)eriod which has lasted for 
a much short<*r time than the Mesozoic, the 
latUw in turn being shorter than the l*ala*ozoic. 
It IS quite |K)88ible that the Eozoic was longer 
than all thrw* together. Tlie entire record 
includes a thickness of stratified narks of some 
100,(XK) feet. 

In order to illustratt* the evidence afforded by 
a study of fossils in favour of organic evolution, 
we may take the case of one w'dl-knowm mammal 
— the horse — and see what is known of the origin 
of tills particular species. 

The Evolution of the Horee. The 

horse may be regarded as one of the “ show'- 
pieces ” of organic evolution, because a very long 
series of fossil horse- like creatun« has been 
discovered which prove conclusively the course 
of events for this particular animal. They tell 
the gradual origin of the specialised modem 
horse from \he primitive generalised ancestor. 
They show the relationship of the horse to other 
creatures, such as the tapir and the rhinoceros, 
which represent other stages of the horse 
evolution, a view which is home out also by the 
facts of development. 

The ancestors of the modem horse are repre- 
sented in the geological deposits of both Europe 
and America, those of the New World being 


wonderfully complete. Them* n'minns arc found 
in the tertiary nn'ka. the divinions of ^^bich 
arc* termed rt*HjKH‘tively /V^’w/f*rcnc, /Viorew#. 
Miocenr and AWrwr. (lu* lust b<‘ing the old(*st 
and the first the lU'west of this hoHoh (sec 
(iEorxKJY]. The H<*rit*s is thus d(*scrilMHl hy 
fJ. P. Miulge in liis “Text book of Zoology ’: 

FoMil Horses. “ The first fossil remains 
of the horse* in America arc found in the dejHwits 
of flu* rpf/rr Plinrf'tit, and tluy art' in no way 
difft'icnt from the corrt'sponding portions in 
the recent liorse, which is an animal w1k»hc 
liml)H havt* becoint* mtKiitit*^! in m*ct>rdane(* with 
the* rctjiiireinents of the rapidity of flight over 
undulating plains and a firm ground. Jkitli Iht' 
fore and hind limbs of tlu* horse jiossess only 
one digit (third finger and ten* res}H*ctively) and 
two splint bones, one on either sidt* of the 
funetionnl digit, whieli eorn*HjK)nd in jMisition 
to tin* lK)n(‘K of the nnddh* hand or foot resjK*c- 
tively. 

“In tin* Middle Plufcvne, tin* ri'inains of an 
animal (Pliohippus) slightly smaller than tlu^ 
horse*, and fKaisessing its small hooHets, is found ; 
farther down in the Unver Plittcvne, an animal 
about as large as tint ass, calh*d Pro/ohippuM, 
IS found, wiiose fore and hind limlw both 
{xissess thrtH* fingers and toes reH|K'ctively, 
but only the middle one is functional and reaches 
the ground. Earlier still, in the Upper Afiorene^ 
MifthippuH, of slightly larger stature than a 
shec'p, IS found, whose* limlw jiossess three 
functionally develo|M*<l digits and a small 
splint Isme on the fore hml>H ; in the Jjower 
Mweeru., a smaller animal, M f Mohippun. has the 
same Ihm* functional digits, but the ^pli^t bont* 
is much larger. In the Upper Eocene^ ( tnthipime, 
has four digits, or toes, of which only tnr(*(* 
n*ach the grounti, the smaller one eorn*sponding 
m jKiHition to the; st>lint Ixme of MemthippuH. 
In th<i e^irly Eocene, Efthippiut, with four fun * 
tional digits and a remnant of a fifth, is founrl. 

“As we wjareh backwards through the record 
of the rcK'ks, wc can thus trace the sueeessive 
stages by which the one-Unxi and one-fingered 
horse has Uxm derived from a five-toed and 
five-fingered ancestor ; and a companson of the 
horse’s limb with those of the animals mentioned 
alxjve shows that the two splint bones correspond 
to the second and fourth digits, and the functional 
tcMi to the third one of the penta/iactyl limb 
of the horse’s ancestor.” 

How the Horee was Evolved. In the 
European rocks the record is not so complete, 
but is on precisely the same lines. The earliest 
form known has throe functional toes — that is, 
three toes which reac;h the ground ; a later 
form is found in w'hich the two side digits ore 
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not functional, they do not reach the ground, but 
the middle one has become more prominent ; and 
m a st\\\ lato ioim this condition is accentuated. 
So that by the gradual disappearance of the outer 
fingers and toes, the present condition of the 
limb of the horse, that of having only one 
functional finger and toe, is reached. 

It must not be imagined from these interesting 
Hiscjoveries that we have here a direct line of 
d *scent Ijefore us, or that one of these ancestral 
forms gave rise directly tf) the next known, 
'flic record is of ncccsHity im|)erfect, and will 
doubtlcw rtHHMVc many additions in future. 
MorcHivcT, as we have s(H*n, large groups of 
animaln liavc* disapfwared without leaving us 
any trace hiUu‘rto discovered, the condition 
nfH*€5S8ary for their preservation Is'ing alisent. 

We must not expwit more than is n*as(mal>le 
from the nature of the eas<*. Minut/C con- 
necting links are douhtless lost for ever in the 
»r(K^«»HM<*H of (le<’ay. If we can find one variation 
lere and there which jKiints the way, it is as 
much as is t-o ex|K*(!U*d. But the facts 
we hav<* mentioniHi npjiear to admit of no other 
inBTpretation than that afford(*d hy the tht»ory 
of organic evolution, and the w-ientific imagina- 
tion can readily picture the environments 
whi('h lU'iHimpanied the suecessive stages. The 
evidene<*s of geol(»gy come to our assistance, 
and enable us to form some such pi<'ture of events 
as the following. 

The Past Reconstructed. “ llie Kocene 

{ K'ritKl, which WJIH |M*opltHl among oth<‘rs 
>y the trilH' of the Kohippi, was a 
fs^riod of great geologh’al unrest ; gnnit land 
masst's wer<' slowly sinking Ixmeath the sea, 
and some of the great Alpine chain of mountains 
of the pn'w*nt day wert' U'ing formed beneath 
the ocean, while others wen* in courst* of ele- 
vation alK)ve the st'a-level. These* elevations and 
siibsi(h*ii(*<*s wen* not suddt'n and eataclysmie, 
hut tH'Oupit'd huridnsls of thoiisantls t>f years. 
'Ilien* is evidence to show that the gn'ater 
|H»rtion of Knro|K\ and a large jmrt of America, 
w'ero at this jH'riod Umeath the Murfae*e of the 
m^, or but little alnive it. 

“ The physical <*onditions of such a jieriod 
must have' U>en eharaot4*ris(Hl by the pn^nee 
of <*xtensive marshy swamjw, with hen* and 
ihert* eminenct‘8 of dry land. Under these 
swampy conditions of the ground, Eohippiut, 
with its wide tetradactyl (i.f., four digits) and 
the then but recently jamtodactyl (i.r., five 
digits) hand and foot, was favourably adapted, 
for it could move, if but slowly, at any rate 
w'ith sec’urity. 

Birth of s New Tribe. “ In the 

latter fsirt of the Eocene epoch ilie elevation 
of the ground was still prtKxxxiing, and much of 
it had liocome drier and firmer ; during the 
same time there had appeared among the £k)hippi 
stock certain individuals in w*hich a spontaneous 
variation had appeared in the form of a leas 
well -developed murth toe {(hohippwt). We 
know* that a spontaneous variation of this kind 
IS hereditarily transmitted, and that if both 
parents possess it the variation in the offspring 
*3 acoentuated. 
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“ Now, we may im^ne, for there is nothing 
improbable or inconsistent with known facts 
in 80 doing, that such a favourable sexual 
union occurred, or, for the matter of that, that 
several did so. There would thus arise a 
progeny with strong innate and congenital 
tendency to a reduction of the fourth toe, 
and this progeny would interbreed and the 
variation become still more accentuated, until 
only a splint-bone (metatar ml) of the fourth 
toe was left. Thus would arise the tribe 
of Mesohippi. 

“ If we suppose that this variation in the 
direction of the loss of digits conferred any 
adv*antage upon the individual h(»yond that 
possessed by those in which such variation had 
not appeared, that, for instance, in the struggle 
for existence resulting from the tendency of 
animals to reprofluce b<*>'ond the means of 
HubsisUmce, a three-t<K*d animal could move 
more quickly than a four-toi‘d one, it would 
more easily obtain its fiMxl and have Ijetter 
chances of surviving and jirocrcating its 8]K*cies 
than its less favourably adapt<*d fellow*. 

Variation to Suit New Conditions. 

“ And this in reality must have hapf)c*ned ; for, 
as the land gradually rost* higher alxive the 
surftw*e of th(' sea, the swampy an‘as favourable 
to the four-t(X‘d Eohippi would Ixx'omt* mon* 
and more limit<*d and the fexxi supply therefore 
1(WK, while the dry and firm areas would corre- 
sjxmdmgly increost* and the fcwid material which 
it could produce. And thosc^ forms which were 
Ixjst adapUxl to movi* over firm and dry ground 
would have more chanct^s of surviving and 
reprtxluring their sjxries than those which 
were only adapt'd for marshy swamjis. 

“ In conmx'tion with this greater rapidity of 
motion, it must lx* rcmemlxTeil that the loss of 
ten's was com*lated with increase* in the length 
of the limbs, in size of Ixidy, and alteration of 
the pattern of the Ux'th. All the swiftly moving 
ungulate animals of to-dav are t*ither single- 
toed, like the liorse, or douhle-Ux*d, like the dew ; 
and for mechanical purp(xx*s the doublc-Uxcl 
forms are really single-tex'd, for the two meta- 
carpals of the fore* limb and metatarsaLs of the 
hind limb are fused U>ge*ther in most instances. ’ 
(Mudge*.) 

8o, according to this view, the* horse has Ixc^n 
evolved from a primitive five-toed and five- 
fingered ancestor by the natural 8ele‘ction of 
spontaneous variations in the digits, variations 
which gave their posst'ssors the advantage in the 
struggle for existence in their changing environ- 
ment, particularly in the matter of obtaining 
food. Tliis is the i*«aenc*t* of the theory simul- 
taneously announced by Darwin and Wallat'e, 
and the horse is one of the best examples of it 
which can be quoted. 

Theory and Fact. Looking at the 
matter altogether apart from the theory of 
DaraHnism, the actual specimens of these 
variations are found and can be seen. Successive 
forms showing all the differences mentioned 
between the five and one toed animal have 
existed, and no other reasonable explanation is 
forthcoming, except that these represent stages 



in the gradual evolution of the horse as we see 
it at the present time. 

Additional Evidence. There is still 
another point which the case of the horse 
illustrates u^ell. We know that modern species 
occasionally produce offspring which vary in 
the direction of their ancestors. They “ throw 
back,” in popular language ; they exhibit 
“ atavism,” in technical terms. I>o^ such a 
thing ev'cr occur in horses ? It does, in a most 
interesting manner. Horses have b(»en met 
with which possesstMi toes corresponding to the 
form knowTi as Hipjwirion, the two splint -boni*s 
having their corresponding digits. Still more 
commonly, we find the modern horse developing 
an extra tooth in front of the premolars, this 
tooth lx*ing know'n a.s the “ wolf's tooth." 
Now, a normal modern horse d<K*s not }k>hmchh 
this tooth, but it (K'curs constantly m one of 
the early Euro}>ean fossils, and lus often its not 
in Hipparion. Such structures when they 
(X*cur in modem individuals are termed “ vt*s- 
tigial structures ” ; they represent structures 
which w'crc once constant, but arc now no longer 
existent. or an* in 
acdual course of dis- 
appt*arance. They form 
im|K)rtant additional 
evidences of the coursi* 
of organic evolution. 

They cannot Ik* ac 
counted for ufKin any 
other Hupjiosition. 

The Rhinoceros 
and Tapir. It is 
inten'sting to note that 
in some existing ani- 
mals these variations 
of the limb are still to Ik* 
wfn. In the rhinoc*eros 
the sexond, third, and 
fourth digits on each foot 
are still retained. The re- 
duction has not gone on 
to the stage of the 
horse. The rliinoceros R'lnains thn?e-toed. 
Professor (’ossar Ewart has shown that in the 
unVxim foal these* second and fourth digits are 
representeel by small projections on each side 
of the limb. Another variation is that set*n in 
that most curious ammal the tapir, a creature 
somewhat like a pig in general ap|K‘arance hut 
with a short prolioscis. It dwells only in South 
America and the Malay region. Ecological 
evidence show's that similar animals once 
existed in North America, Europe, and Asia, 
and this fact in itself is to he explained only by 
the theory of organic evolution, extinction 
having fx?curred in the intervening areas in the 
struggle for existence. The condition of the 
foot of the tapir, represented in the illustration 
(U)gcther w ith that of the horse and the rhin- 
oceros), is that the fore limb possesses four 
digits, while the hind limb has only three. 
It is the comparative structure of the limbs, as 
represented by the presence or absence of digits, 
upon w'hich we desire to lay special stress at this 
point. No other explanation hut that afforded 
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by the theory of organic evolution can explain 
the existence to-day of a creature having limbs 
made like those* of the tapir. 

The Geological Succession of Ani« 

msls. We may here conveniently summarise 
the geoU^gical evddenw of this matter, mentally 
resolving to Itara more of this a.HptH't of evolu- 
tion from text-lKHiks wptx'iRlly devoUxl the 

SUbJCH-'t. 

Fossil animal rt*mains teiu*h that the earlier 
the fossils the less are thi*y like animals now on 
earth ; the later the fossils the inoix* nwirly do they 
approximate tt> the hjkh‘u*s as now' WH*n. i'he 
oldest fossils are thos^* of tho invertehraU*s, with 
a few fish. Many of tlu*se art* gent'raliscHl ty|K\s 
as opfK)stxl to what w'e term s|HH*ialis(xi (yfKis. 
The mort* gent'ralistxi tyiH*s Jiavo disapjicared 
in (he struggle for existence, except in a 
few isolatt'd cast's, such as tht* tapir, one of 
the most generalised niaminuls c'xisting. The 
succession of forms which jKunt U> the ancestry 
of the horse finds a parallel in the Hi*a- 
urchins and ammonites, the oiler of which 
arc more gcncralistHi, the latter having more 
M|Hfcial and t*lal>oraU* 
structures. In the 
am))hilnans and rep- 
t ill's those parts of the 
animals whieh are most 
used luive undergone 
most elalxjrate sjM'cial- 
isation from the ancient 
tyjK'H, the HjH'cialiMation 
iK'ing most mark''il in 
till* more recent forms, 
in Paheo'/.oiir times a 
large mini I kt of creatures 
cxisUxl which Ix'longcd 
to tyiM^M which would 
now Ik* (piiU; useless 
in the })ri*seni struggle 
for exiHt4*nce. 'Fhey were 
extinguished, suddenly 
or gradually, hy natural 
agencies, only the ad- 
vantagf‘ous variatioas surviving. Naturi! hiw, 
throughout the ages which are gone, i^volvtxl hy 
tho agency of her own laws s|K*('ic.s of plants 
and animals Umt fittinl for tho changing 
environments. On the whole there has IsHin 
progress, the Ixwt prixif of which is the evolution 
of man himself. 

Wo have now taken a geniTal view' of the pro- 
blem of organic evolution, and examined the two 
great theorii^s of the last century which attempUxl 
to account for the facts, with the riwult that 
we find ourselvoe more in accordance with the 
view advanced by Darwin and his folio w'ors than 
the older theory of *T>amarek. Hut we at the 
same time fret^ly admit tliat the last word con- 
cerning tho origin of species was not said by 
Darwin, and that since he wrote a very groat 
deal has hesen learnt which nuy very well modify 
the conclusions to w'hicih he came. Neverthe- 
less, speaking broadly, all the evidence is on that 
side, and all the more recent views which have 
bcKjn advanced do not really contradict the 
essenoe of Darwinism, but rather strengthen its 
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weak places. They all proceed from Darwin’s 
foundation — viz., the universal prevalence of 
variations of a spontaneous nature which can be 
transmitted by heredity, and which are in some 
way selected. Now, it is quite true that Darwin 
and Wallace used the term “ Natural Selection ” 
in a definite manner, in the sense in which we 
have used it in this course, and it follows that 
any other kind of selection is not, strictly speak- 
ing, Darwinian. What we wish to emphasise is 
that the later views are the lineal descendants of 
Darwinism, and bear upon their facos the imprint 
of their origin. They seek to answer some of the 
objections and difficulties which have lieen urged 
against natural Hei(H3tion os proi>ounded by 
Darwin, U) Nupply what many have thought was 
still required in order to a<‘eount for all the facts. 
Of th<«e quit<‘ n't^ent v'lews there are four which 
we must mention briefly in order to indicate 
the tn'nd (»f thought at thi* ac^tual moment of 
writing, and U) prepare us for developments 
in the immediate future. 

Weiamann'a Theory. I^ofessor Weis- 
mann, of FreMburg, )K*rc<Mving the difticultic« of 
the natural sede'etion theory, and having no faith 
at all in the other views, formulated a theory of 
selection which is te^mc^l “ (terminal Selw-tion.” 
'Fhe e‘HMen(*e of this law is that the struggle for 
nutrition — that is to say, the real struggle for 
<»xistenee— takes place in the germ-plasm itsedf 
before the devedopment of the emliryo. I’lie^ 
germ is supfKSHKi to contain certain definite 
(xirtions which givc^ ris<* to oorresjxinding jiarts 
of the dev(do|NHi Usly. If one of germ- 

portions (“determinants,” he terms them) is 
vanquislu'd in the struggh' for nourishment, it 
grows weaker than other jwirts w hicdi arci last ter 
nourishiHl. and gives riw to a minus variation 
—a negative variation — in the individual, who 
thus |K*rish<^ lieeause of the survival of thos<» 
in w’hom this |>art is strong. Owing to the 
iiontinuity of the germ-plasm, the protHiss of 
weakening gtxw on with addcxl force in siic- 
ooHsivu generations, until at last that H{MH’ial 
portion of germ -plasm pt^rishes, and the |>art 
whic'h it repri'mmts therefort' disapjiears from 
individuals. 

We nwd only say here that this is pun* theory, 
a mental eoiici»^.ion to account for some 
observexi facts. Then* is no a(*tual evidence 
in existence to show' that such things as 
“ determinants “ an^ in the germ-plasm. The 
theoiy* is liound ui» with the Uieory of hereditv 
put forw'ard by Weismann, to w'hich w'e shall 
refer laU^r. 

Dr. Beard’s Theory. I>r. Beard also 
maintains a theory of “ Cierminal Selection.” 
Ho believes tliat in sexual repnKiuction the 
whole number of character^ of the two parents 
are mingUnl up to a certain point, just as the 
cards in two aifftueut packs might be mingled 
by shuffling tliem togetner. There will thus be 
in ©very fertilised germ -cell two representatives 
of each character or quality. At a certain stage 
after fertilisation one representative of each 
character or quality is e]iminated*or suppressed, 
the one to be preseiv’ed being that best suited to 
the environmeut of the germ-oell. According to 
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Dr. Beard, selection occurs within the germ-oells, 
and there is a selection of genn-ceUs ; he main- 
tains, too, that this form of germinal selection 
is a much more potent factor in adapting species 
to the environment in which they find themselves 
than is the natural selection propounded by 
Darwin. “ What it {i.e., natural selection) 
would do, that, and far more than that. Nature 
brings about in a more efficient way by selecting 
in the germ-cell which of two characters or 
qualities, the greater or lesser, shall be taken.” 
Dr. Beard believes that the environment of J;he 
germ-plasm is such that it selects portions of 
germ-plasm representing characters in a manner 
similar to, but more certain than, the way in 
which Darwin supposed individuals to be 
H<;lectod. Darw’in w'ould eliminate the unfit 
individuals in the struggle for exi8t<*nce. Dr. 
Beard would eliminate* the unfit germ -cells. He 
attributes the variations to the a(!tion of the 
environment, to every part of which the germ- 
cells will react. Those which react favourably 
an* sehicUHi, those* which react unfavourably will 
diminish. - 

Dr. Archdall Reid*» View. Archdall 
Reid, the well-known writer on evolution 
and henxiity, also to supply the 

unknown factor in organic evolution. He 
maintains that not only is there one great force 
at work in Nature — namely. Natural Selection — 
hut that m addition then* is another — namely, 
Re*version. “ The former caust*s progressive 
evolution, the latter regressive evolution. They 
are opjwsed, hut one would l)o quiU* inadequate 
without the other. 'I’hey are w’arring forces, 
hut their rt'sultant is a near approach to iH*rfec- 
tion. B<*twxH*n them they tend to bring every 
sfK'cieH into exquisite harmony with its environ- 
ment.” “ A variation may be* ]>rogreshive or 
regressive in type. A jirogressive variation 
constitutes a deviation from the parental and 
ance*stral tyjx*, which. s{>i‘aking generally, is in 
the dire*ction of increase'd magnitude and com- 
plexity. It results from the complete rex'apitu- 
lation of the jiarental development pluM an 
addition. A regrt»S8ive variation constitutes 
a deviation from the parental tou^rds the 
ancestral type. As a rule it is in the direction 
of diminished magnitude or complexity. It 
results from an incompleU* n*capitulation of the 
parental de%’elopment. . . Evolution is 

adaptive racial change. . The tendency 

to vary spontaneously has been evolved by 
Natural Selection. . Only inborn cha- 

racters are transmissible to offspring. Evolu- 
tion, therefore, proceeds .solely on lines of inlx)m 
characters. Every individual in his develop- 
ment follows (with variations) in the 
footsteps of his predecessors. The develop- 
ment of every individual is, therefore, 
a recapitulation (with inaccuracies, with 
omissions and additions) of the life -history of 
his race. Since regressive variations tend to be 
of greater ma^itude and prepotency than pro- 
gressive variations, the tendency to regression is 
always greater than the tendency to progression. 
Consequently, progressive evolution can occur 
only when selection is somewhat stringent. 
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and this is especially the case when a character 
has been recently and quickly evolved. It 
follows that, whenever the stringency of selec- 
tion is relaxed, a character which has undergone 
evolution tends to regress. During the evolu- 
tion of the species many parts become useless. 
Natural selection, therefore, has evolved bi- 
parental reproduction, which regulates the 
tendency to reversion in a very beautiful, 
effective, and discriminating manner. It aids 
natural H(‘lection to preserve structures and 
variations when they are useful, and assists 
regression to eliminate them when they are 
useless. Natural selection seizing on 

progressive variations causes progrt'ssive evolu- 
tion. I>i-parental reproduction seizing on re- 
gre.ssiv'c variations causes regressive evolution. 
The latter is a necessary accompaniment of the 
former. Natural ac*lection, as commonly under- 
stood, therefore, explains only half the facts 
of evolution. 'I'he environment acting on, or 
through, the parent, has little or no effect on 
offspring sulwquently born. . . K volu- 

tion is due solely to natural selection. But 
besides the simple and direct elimination of the 
unfittest which Darwin de^JcriU'S. H|H'cies an* 
adapted to their environment's by other means 
more subtle and exact.” These luief extracts 
from Dr. Heid's book on ” I'lie Principles of 
Heredity ” will serve to indicate his main 
contentions, and the work itself must Ik* 
consulted for the arguments adduced m their 
.sup|K>rt. 

The Origin of Species by Mutations. 

We have left to the last the mention of a 
theory of organic evolution wliich, lulvanced 
only a y<*ar or two ago by ])e Vries, is rapidly 
assuming a very promin<*nt place in the minefs 
and beliefs of modern biologists. Like other 
modem views, it has a distinct flavour of 
Darwinism about it, but at the same time it has 
Its owm distinctive idea. It will Ik* rememlK*red 
that Darwin thought that plants and animals 
had evolved into species and varu'tics by a 
very slow' and gradual process as a rule, this 
process dej)ending ufKjn the selection of some- 
what sviall and minute mriationjt which were 
accumulated by selection. Darwin’s theory 
demands great pc*riods of time for its accomplish- 
ment. He thought that very gradual change 
was the rule. 

I>e Vries, on the other hand, has prop<mnded 
the somewhat startling proposition that evolu- 
tion in plants and animals is by no means so 
**low and gradual as was supposed, and that 


instead of species arising by the selection of 
small advantageous variations, they are often 
produced nuddmly by large and very marked 
variations, w'hich are transmitted to offspring 
and which breed true. According to this view 
the enormous periods of time demanded by the 
Darw'inian theory are not re<piin»d. and it 
accounts for the sudden appearanet* of sj)eoiw 
without any series of connec'ting links with 
others, ^'hese large variations, which l)e Wies 
lM*lieve8 give rist> to new sfx'cies. he terms 
” mutations,” to distinguish them from the 
smaller modifications or ” variations ” of the 
older view\ Of nil the views put forw^anl since 
Darwin's, this is the most far-reaching. It 
threatens a revolution in biological thought 
almost as grf*nt as that which follow'ed the 
enunciation of Darwinism. 

EvideDcea for the Mutation Theory* 
IV Varies has provf*d oxfierimentally that 
thest* large variations frecpiently occur, and, 
more than that, he has proved that they brtH*d 
true to themsi'lves. In other words, he has 
shown that their origin is in the germ-plasm and 
not in th(* body, or soma. His theory di>eS 
not involve a lH*lief in the transmission of 
ac(piin*ments. sirua* he deals with germinal, not 
Homat’c. variations. Like Darwin, he dejM*nds 
ufKin natural selection for the iiKKle of ojK*ra!ion. 
Darwin based his theory largely on the p?*uctice 
of breeders in selecting artdieially De Vriw 
shows that this artificial w'lectiori depends 
largely, if not r*ntir(*ly. on the H<*lection of th«*sis 
larye variations, or “ mutations,” and his vii*w 
is confirmed by ex|K*nm(‘nls made in this 
ccnintry by Hurst, who has us<hI ralibits and 
plants for this purpow*. 'I'he ofiinion is 
gradually gaining ground that organic (‘volution 
is in the main due to these mutations rather 
than to small variations. 

It is only right to add that Bab'son, of 
Cambridge, was the first to point out tin* im- 
portance of thos(‘ ''discontinuous variations” 
which De Wies Uirms " mutations.” "Hie 
existence of them was notc'd by Darwin, but he 
regardwl them as of comparatively little im- 
portance, as thorns known U) him wen^ chiefly 
monstrositH^K. Since that time we hav(^ l(‘arnt 
a great deal more about their nature and fre* 
quency of occurrence. 

It is never safe to prophesy, but W’e venture 
to think that in the future tin* origin of new 
HjK*cios by mutations will Ik* recognis<*d as a 
most imfK)rtant, if not the most im{K>rtantt 
method of organic evolution. 


Continiud 
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Section II. CX)MPOSITION. 

The Subjunctive Mood. This is one 
of the most difficult subjects in Latin. Englisli 
usage gives no guidance, and. in fact, the subj. 
is as cM3mmon in Latin as it is rare in English. 
In the following sentences, for example, the 
words in italics would be in the subj. mood in 
Latin : “ It was so cold that the water froze ” 
(constK'utive after iit). I askt^i why he did 
this ? ” (indirect question). I fear that you 
are ill. ’ “ He said that the man who did this 

should die ” (dependent verb in Oratio Obliqua). 
“ Tliere is no doubt that twice two are four.” 
Roughly, we may say that the indicative 
indicates a fact, while the subj. exprt'sses 
“ something which we regard rather as a mere 
conception of the mind, as that whicii we 
purpose or wish to In* a fact, or to which we nder 
as the result of another fact, or as stated on 
other authority than our own.” 

rsually, the subjunctive is used in certain 
classes of subordinate or subjoined clauses. But 
it is also used l>oth in simple sentences and in 
the main clause of a com])oiind scnten<‘<‘ in the 
following cases : 

1. To make a statement in a hesitating 
manner, somedimes called the potential mood. 
This is stricdly a h\qK)thetical subj. with the 
condition not formally expressed. 

Hot dtrerr ausirn I would dare to say this 
(if I were allowt^l). 

Vir crediderim ~ I can haitlly Isdieve. 

Hoe facias veJiin I would have you do this 
(*‘ ut ” understood with “facias”). 

2. To ask Ji {jucstion, rhetorically, not 
for information ; sometimes calknl dul»itative 
questions, rsually a negative answer is 
expected. 

Qnis ere dot ? -- who would iK-lieve ? 

Quid ego farereni ~ what was I to do ? 

3. To express a wish or desire (optative or 
jussive), often with ulinarn ( ^ would that !). 
Negative ne. 

( Hinam ad juvisMei — would he had Ixvn present ! 

Di Carihaginvm deleant — may the gods destroy 
(.’arthage. 

Se transieris Iberum ~ do not cross the Ebro. 
(In negative commands, use the jK-rf. subj., not 
the imperative. Or else say noli transire bt^ 
unwilling to cross.) 

Only in these classes of stmUnces is the subj. 
found in simple or principal 8<*ntenc<‘s. In all 
the rest it is in suborainate sentences. Including 
those given above, there are eight main uws 
of the subj. mood : 

1 . Hypothetical : see No. 1 alK)ve. In these? 
sentence's the protasis (t.e., the if clause of 
a conditional sentence) is suppress^. 

2. Conditional — e.g.. Si jttssisseji (protasis), 
fecissem (apodosis) — if you had bidden, I should 
have done it. Si adsis^ facturus sum — if you 
should be there, I mean to do it. 

3. Optative, jussive, or concessive (see No. 3 
above). “ The imperative is the language of an 
absolute master : the subj. is a suggestion to an 
equal or superior.” 


• In concessive sentenct^s. a jicrson rhetorically 
tH^immands or suptxwes a c)uuig(> of what he 
knows or believes to l>e the fact. 

4. Final, expressing purjxise (ru'gative tif). 

(a) In adjw'tival sentences : Dignus est 

f’lmvi/ - he is worthy to CMiiKpier, }fitt<t 
qui dicat r- I Rend somtMine to say. 

{b) In sentences intrtKluctxl by ut (in onler 
that), nc. quo, quominus, quin : Kde ut 
tdias - eat that you may hv(‘. Non vixit 
ui ederet he did not live to eat. 

(r) In senteiuH's of time or condition, witli 
dum, dutntnodo, dmier, priusiiuain, <'tc. 
(kierint dum metuant - let them hate pro- 
vid<*d they fear. 

5. Const'ciitivc, extin'ssing n'sult ; usually 
with ut so that (negative, ut nou) : Tam 
debilis sum lit nttn nmbulare passim 1 am so 
h-eble that I cannot walk. Js sum qui illud 
fariarn - 1 am the man to do that. 

(>. Subj. of attendant circumstances : Qua 
quum ita sint, hoc. diro umier th(*se circum- 
Ktanc<*8 (lit. since wliich things are so), I say this. 
Peccarisse rideor qui illud fecerim 1 s(*em to 
have sinned inasmuch as I have dom* that. 

7. Subj. of rt'porttal statements, comprising 
sent<*nce8 of detinitions, reasons, and questions, 
which an* given not as the sjua leer's oum, but as 
someone else's. 

(\)ntrast “ Laudat puenun quod fuit absti- 
nens ” (the reason alleged lH*ing given on tlie 
speaker's own authority) with “ I.«audat piKTum 
quod fuerit abstinens (the n‘aH(>n Isung a 
reported or assumed one', “ He jiraises tin* boy, 
iH'causi* he understands tin* boy to Ik? abst<'- 
mious “). 

H. Subj. iK'cause dejxmdent on another sul»j. 
or infinitive. In all such sentences the sub 
junctive simply prevents the H|M*aker from U-ing 
supposed to Ik* responsible for the 8tatem<*nts. 
etc., report(Ki, or to Ik* giving them as indefM'nd 
ent assertions. To this head, of coiirsi*, lK*longf- 
the subj. in Oratio Obliipia. Examples : 

{a) Dep<*nding on infinitive : 

JHcit eoH qui bnni essenl beatfts esse (he says 
that those? who are good are happy). 

{b) Depending on another subjunctive : 

Petit ut iis qui adfuerint credamus (he asks 
that wc should lK*lic*ve those* who were 
pr<*sent). In such a case as this it is often 
said that adfuerint is altractexl into the subj. 
by credamus. 

To BE Turned into Latin Prose. 

THE FUNERAL OF OLIVER CROMWELL. 

By Abraham (’owley. 

It was the funeral -day of the late man who 
made himself to be called Protector. And 
though I bore but little affection, either to the 
memory of him, or to the trouble and folly of all 
public pageantry, yet I w'as f(/rcc*d by the im- 
portunity of my company to go along with them, 
and l>e a spectator of that solemnity, the ex- 
jjectationof which had b€K?n so great that it waf 
said to have brought some very curious persons 
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and no doubt singular virtuosoa) as far as from 
be mount in O^mwall and from the Orcados. 1 
bund there had been much more cost bestowed, 
ban either the dead man, or indeed death itself, 
^ould deserve. There was a mighty train of 
)lack assistants, among which, too, divers princes 
n the persons of ^eir aml>assadors (being 
nfinitfdy afflicted for the loss of their brother) 
nmi phrased to attend ; the hearse was magnih' 
3©nt, the idol crowned, and (not to mention all 
)ther ceremonies which arc practised at royal 
nterments. and ihmdorc Viy no means could be 
emitted hero) the vast multitude of spectators 
made up, as it uses to do, no small part of the 
Hpecta<!le itsedf. 

Latin Vbkhion of the Above. 

Dios erat quo inf«m*bantur tumulo reliquia* 
llius qui l^roUsitoris nomen occu|iaverat. Me.'* 
quainvis’* neoue' viri** memoria?”* m^que'* 
3 jsTosa*’‘‘ publiearum^^’ Hollemnitatum“' vani- 
.atis'^ admcKium^ studiosum^’, |KTpulere^ tamen ‘ 
sociorum* j)rect»s’ ut cum iis KrKH*tarem f)ompam 
Ham, qua' tarn cupide jamoudum fuerat ex- 
KH'tata, ut nonnulli curiosiores, limatissimo 
limirum ingenio homines, usque a mrnt ' apud 
brnubioH et iib Orcadibus insulis lyiaendi mnad^ 
n urb«'m progressi ('ssent. lnt<*ll(‘xi multo plus 
n funus crogatum esse quam pro mortui mentis, 
‘ramo pro mortis ijwius digiiitate. Ingens pul 
atorum ordo, nssisU'ntibus etiam quibusdani 
egalis, qui n»gum [KTsonas fratrem sumiuo 
itudio dcsiderantium suHtinenmt ; fer(‘truin 
splendidinsinium ; coronata efflgi(»s ; denique, 
no omnia alia commemort'm quio. utpote in 
tsgum funeribus soliemnia, hie nullo modo 
imitti fKiterant, pars baud exigua spwtaeub 
‘uit, ut tit, vHsta sfs.'etantium multitudo. (J. 
’onington.) 

Section III, TRANSLATION, 

A Lkitku from (’u'kro to his Friend Attici s. 

Written in March, b.(\ 4(1: 

Undeeirno die post quam a te diseesscram, 
toe litttTularum exuravi egredieris e villa ante 
uc(*m, at quo eo die eugitabam in ;\nagniiio, 
'kmUto autem in Tusculano ; ibi unuin diem. 

Kalend. igitur ad eonstitutum ; atque utinam 
M>ntinuo ad eomplexum mea' Tullia', ad oseii- 
um Atticie possim eurrere ! q^uod quidem 
psum scTibe, qua'so, ad me, ut, dum consisto 
n Tusculano, seiam quid garriat, sin rusticatur, 

* is an abl. ~ for the sake (or pur* 

Kise) of ; it follows the word which it governs, 
den' translate “ for the purpose of seeing," 


quid scribat ad te. eique interoa aut scribes 
salutem aut nuntiabis, itemque Pilis». £t tamen, 
etsi continue congressuri sumus, scribes ad me, 
si quid habebis. 

Cum complicArem hanc epistolam, noctua- 
bundus ad me venit cum epistola tua tabellarius. 
ua lecta de Attiese febricula scilicet valdc 
olui. Reliqua, quae exspectabam, ex tuis 
litteris cognovi omnia ; sed qucxl scribis “ igni* 
culum matutinum gerontikon " (a Greek adjec- 
tive, meaning characteristic of an old man "), 
gerontikoteron (comparative) ©st raemoriola 
vacillare : ego enim IV. Kal. Axio dederam. 
tibi III., Qiiinto, quo die venissem, id est prid. 
Kal. H oc igitur habebis, novi nihil. Quid ergo 
opus erat epistola ? Quid t cum eoram sumus 
et garrimus quiequid in buccam ? Est profeeto 
quiddam “ lesche " (gossip), quae habet, etiam 
si nihil suln'st, collocutione ipsa suavitatem. 

English V^ersion of Above. 

Eleven days after leaving you, I am scrawding 
this bit of a note os I am stiirting from my 
country-house ls‘fore dawn. I think of l)eing 
at my villa at Anagnia to-day, and Tusculum 
to-morrow. Only rme day there, so I shall 
turn uj) to time on the 28th. and. oh that 1 
could run on at once to embrace my Tullia and 
give Attica a kiss ! As to this verj’ thing, do 
wnt4‘ me, 1 Ix'g you, that while 1 am stopping 
at Tusculum I may know- what she is prattling, 
or, if she is in the country, what she writes to 
you alK)ut. Meanwhile, either send or give her 
my love, and also to Pilia. Vet even though we 
shall m<M‘t immediately, write to me if you have* 
anything to say. 

P.S. When I was fastening up this letter, 
your courier reaehi'd me after travelling all 
night with your letter. 1 am very sorry, you 
may lie sure, to hear, on reading it. about 
Attica’s fever. All the other news I was waiting 
for I now' know' from your letter, but when you 
Write that “ Ui want a little fire in the morning 
is a sign of old age," I retort “ it is a surer sign 
of old age that one's poor memory should 
falter." For I had intended to spend the 29tk 
w’ith Axius, the ,*K)th wdih you, and the Slst w ith 
Quintus. So take that for yourself : you shall 
get no news. Then why write, you say ? And, 
pray, what is the use of our chattering when we 
are together and saving whatever comes to our 
tongues ? Surely there is something in a good 
^ssip after all : for even if there is nothing in 
it, the very act of our talking together has s 
charm of its own. 


ENGLISH 

ADVERBS 

Just as adjectives qualify nouns, so adverb.^ 
modify or limit verbs — as, ** Ag^ came unto 
him ueficafWy," ** He gives iwict who gives 
jnicJdy," This usage ha» been extended, and 
adverbs can now modify adjectives and other ^ 
adverbs in addition to verb^ as : Too many 

im 


By Gerald K. Hlbbert, M.A. 

cooks spoil the broth *’ {loo modif^ung the 
adjective many). “ He struck me very for- 
cibly " (on© adverb eery modifying another, 
forcibly). 

Adverbs, like adjectives (from which they 
are mostly formed), are usually classified 
according to their meaning : just as we divided 
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adjectives into Qualitative, Quantitative, and 
Relational, ao we can divide adverbs. Thus : 

1 . Advsrbs of Qr auty : WtU, iU, badly, 
and all the adverbs in 4y derived from ad- 
jectives : how, however, m, ae, likewise, etc. 
(sometimes called Adverbs of Manner). 

2. Adverbs of Quantity : 

a. Degree : Very, nearly, almosl, Um, quite, 
enough, rather, much, more, most, little, less, 
least, only, but, just, et^en, any, the (as in 
“ the more the merrier "). Also the adverbs 
of Affirmation and Nt^gation ; Not, no, 
nay, aye, yea, yes. 

b. Repetition of Time — as, once, ttrire, thrice, 
often, seldom, always, etc. 

3. Adverbs of Relation, showing 

а. Time": Now, then, after, before, srsm, ago, 
instantly, etc. 

б. Place and Arrangement : Firstly, secondly, 
thirdly, here, there, hither, thither, hence, 
thence, inside, outside, up, doun, etc. 

c. Cause and Consequence : Why, therefore, 
wherefore, accordingly, consequently, etc. 

It will be noticed that some of tbe words 
appearing in this list of adverljs have previously 
appeared as other parts of speech. As, for 
example, was included under Relative Pronouns ; 
and much, little, no, any, were included under 
adjectives. To det<»rmine what part of sf>eoch 
a word is in a given sentence, we must consider 
the pur}K)se it ‘htvcs. Thus. This is the same 
ns that ” (relative pronoun - “ This is the 
same which that is”); ” he went out, he 
wept bitterly ” (adverb denoting the time of 
the action). ** Cive him m> fwace ” 

(adjective), ‘‘ This is no better than that ” 
(adverb). Similarly, much, little, and any 
lK»fore comparatives are adverbs. 

Formation of Ad verba. 1. From 
.\djectives. Most adverbs are formed by add- 
ing dy to the corresponding adjective — e.g., 
wild, wildly ; cheerful, cheerfully. The termina- 
tion -ly ( - like), is the Anglo-Saxon t€»rmina- 
tion -lie (adjective), lice (adverb). 

Adjectives ending in y preceded by a con- 
sonant change y into i before ly — e.g,, hearty, 
heartily ; speedy, speedily. Shy is an excep- 
tion, making shyly, not shily. The atljective 
gay, which should strictly have gayly as its 
adverb, now usually makes gaily. 

Adjectives ending in -le change the e into y — 
e.g., noble, nobly ; horrible, horribly. When the 
adjective already ends in -ly the same form is 
generally used for the adverb — e.g., the adverb 
of godly is usually yodfy (*' W> should live soberly, 
righteously and godly in this present world,” 
Titus ii. 12), though godiily is sometimes used 
novradays. So also likely : “ a likely story ” 
(adjective) ; “ he will very likely come (adverb). 
Other adverbs derived from adjectives are 
tmee, twice, thrice (for tmes, twyes, thries), una- 
wares, flailong. Some adjectives, in addition to 
those ending in -ly, are used os adverbs without 
any change of form — e.g., “run /oaf,” “stand 


firm,'* “ strike deep, " “ pretty good,“ “ Think 
not so slight of glory “ (Milton). 

2. From Nouns. Needs (as in If I must 
needs glory ”), whiles, sideways, lengthways, 
straightways, noways, are genitive cases of 
nouns. II Aifom (“at w’hiles.” “formerly”) 
and seldom are dative cases plural of hwil ( ~ 
spa^ of time), and seld ( ~ rare). Other adverlsi 
derived from nouns are headUmg, sidelong, 
piecemeal (maol = part), inchmeal (“ All the 
infections that the sun sucks up ... on 
Prosper fall, and make him by inch -meal a 
disease!” — Tempest), limb-meal (^‘O that 1 bad 
her here to tear her limb-meal ” — (ijmbeline), 
sometimes, aluays, [perhaps, (4h cruise, miduay, 
etc. Many adverbs are compounds of the pre- 
position a (meaning on) and a noun, as o/f>o/, 
abreast, aside, asleep ; while some are com- 
pounds of other prepositions with nouns, os 
helimes (by times), besides, indeed. 

.3. From Pronouns. Thus, then, than ; here, 
hither, hence ; there, thither, thence : where, 
uhither, whence ; why, how (for whow), and all 
the other adverlw formed from the Relative 
Pronouns, such as wherefore, whereat, wherein, 
whereby, etc. 

These adverbs, that are derivid from the 
Relative Pronouns (with the addition of as and 
tn). are (Connective or ("onjunctice adverlw ; 
that is, they retain the connective* powe*r which 
we have seen l>elong to Relative I'remouns. A 
(^/onnfKitive adve»rb intrcKiuces a suhnrdintite 
clause, and modifiers the predicate of this clause. 
There is alwa}w an anteoeelent expiesHC'el eir 
understood in the principal semtc'neu* ; thus, 
” He fell full length, whereat the^ bystanders 
laughed immexlcrately ” {whereat mcwli fit's 
laughed ; wc know it to Ix' a ('onnective or 
Relative adverb l)CcauHe we could sulwtitiitei 
“ and thereat ” for it). Again, “ And now, too 
H(K>n for us, the circling hours This dreaded 
time have compassed, wherein w'c Must bide the 
stroke of that long- threatened wound ” {Paroilise 
Regained). 

Here we could substitute “ and therein ” for 
“ wherein.” Tlie antt*<*edent here is time ; 
in the previous illustration the antecedent is 
“ the fact of his falling.” Thtw (V>nne*ctive 
Adverlis must Iw distinguished from ('e>njunc- 
tions. 

Negative Adverbs. Not is sheirtentd 
from nrmght or naught, and lit<*rally means 
” in no w'hit, in no degrt'e.” In Old English, 
ne, ( * not) is employeel before the verb, and a 
form corressponding to naught after the verb, 
the two n^atives strengthening each other ; 
thus, in Robert of uloucester's Vhrtmicle 
(a.d. 1298) w'e find “ Ne be thou naught sei 
stume ” (“Be thou not in any way so stem ”), 
and in Chaucer’s Canterbury Tales we have 

“ There was also a Doctour of Physik, 

In all the world ne was there none him like.’ 

Also “ Nor hath not one spirit to command ” 

{Tempest). 

In modem English, two negatives, so far from 
strengthening each other, neutralise each other. 
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althoagh MatUiew Arnold follows the old usage 
when he writes : 

“ Ko easier nor no quicker passed 
The impracticable hours. 

No and nay are from na, m Barling neiw, while 
aye (affirmative) is from a, meaning ev^ (cf. 
for ayff meaning for ever. “ This world iff not 
for aye/* HamlH). Ye^ is from Anglo-Saxon 
ge.se or gea^ yea, and ay (subjunctive mood, 
meaning “ let it be **). 

Comparlaon of Adwarba. Most adverbs 
are compared by prefixing more and most to 
the positive, as wittingly, more vnllingly, mofA 
wiUxngly. But a few, and esnt^ially thow 
which have the same form os tne correspond- 
ing adjectives, are fomred by the suffixes -rr, 
‘eat ; as : 

Poaiiivt. Comparative. Sufferlalive. 


firm 

firmer 

firmest 

fast 

faster 

fastest 

soon 

sooner 

soonest 

early 

earlier 

earliest 


The fo)k)wing are irregular (see “ Comparison 
of Adjectives '* on page 446) : 

Positive. ComjHirative. SvfterkUive. 

well l>eUer l)est 

badly, evilly, worse v orst 

or ill 

much more most 

for farther farthest 

forth further furtlu»st 

t nearesi 
1 next 


nigh or near 


Positive. 

Comparative. 

SuperkUi 

late 

r later 

latest 

flatter 

last 

[rathe, adjec- 

rather 

— 

tive^ 

ere 

erst 

lief 

liefer 

— 


Jialhe meant quick, early ; Hather, therefore, 
means quicker, earlier, sooner. Thus, in Piers the 
Plouman, by William Langland (a.p. 1362), we 
find it used as an adverb : 

“ Let not thi luft bond, late ne rathe, 

Beo war what thi right bond worcheth or 
deleth.” 

(“ I.et not thy left hand, late nor early, l)e 
aware of what thy right hand worketh or 
distrihuteth. ) 

Also Milton in Lycidas has “ the rathe prim- 
ri>8© '* (adjective). Rath is still used in the Sussex 
dialect, as “ Hapfiens you were up rath this 
morning ” (adverb), “ She is given to taking 
long rambles in the rath morning *’ (adjective). 

Ere is the Anglo-Saxon aer, a comparative 
adverb of time. It is now used mainly as a 
conjunction. Erst means formerly, and is 
shortened from aerest. 

Position of Adverbs. Adverbs are 
usually placed as near as possible to the words 
they mc^ify, and generally before an adjective 
or other adverb, and after a verb. For emphasis, 
however, an adverb may precede the verb, and 
even stand as the first word of a sentence. 
The |Kx»t8 take liberties with adverbs, and place 
them as they like ; thus. Milt(»n writes: The 
rest .... will far l)e found unworthy to com- 
pare with Sion's songs,” instead of ” far un- 
worthy.” This usage should not l>e imitated. 
nued 


FRENCH 

THE VERB 
First Conjugstlon 

The first conjugation consists of verlw* of which 
the infinitive ends in er : aimer, to love, like ; 
donner, to give ; garden, to keep ; tnarcher, to 
walk ; regarder, to look : re presenter, to repre- 
•ont. 

The endings of all regular verbs of the first 
conjugation in the preoent indicative are ; «. ee, 
e, ona, ez, ent . 

A fflrmati\*fly. 
faime, I love 
its atmea. thou lovest 
it aime, he loves 
elle aime, ahe loves 
nous aimona, we love 
vous aimez. you love 
its aiment, they (m.) love 

* eilea aiment, they (f.) love 

Negatively. 

je na drmne pas, 1 do not give 
tu ne donnea pas. thou dost not give 
H ne donne pas, he does not give 
eUe ne danme pas, ahe does not give 
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mms ne d<mnons pan, we do not give 
n'ous nc donne"" pas you do not give 
ils ne donnent pas, they ^m.) do not give 
files ne dtmnent ;w,*, they (f.) do not give 

Tlio syllable ent ol the third person plural is 
mute. 

Exercisk VI. 

Vocabulary. 

wn appHit, an appetite h charrette the cart 
«a arbre, a tree U chaume, the thatch 

line aubepine, a haw- le cheval, the horse 

thorn le clocher, the steeple, 
itfi aubour, a laburnum la colline, the hill 
es automne, in autumn le contrei'enl, the shutter 
la bait, the berry la cour, the courtyard 

ie bdtiment, the building la couverture, the cover 
le hard, the edge le cuiainier the cook 

le bout, the end une eau, a water 

la hrtbia, the sheep une A^urie. a stable 
la campagne, the (for cattle) 

country «se ijlise, a church 
la eerist, the cherry es &e, in summer 
le ceriaier, the cherry une eiable, a stable 

tiec (for horses) 




If ew er e fee , an CT erc ia e la the town 
ttjie yeiMe, 


an ever- 
green oak 
la voiture, the C4irnage 
agreable^ pleasant 
beau, fine, beautiful 
blanc, white 


la faim^ the hunger 
la fermt^ the farm 
U feslin, the feast 
la feuilU, the leaf 
la fUU, the girl 
U fruit, the fruit 

le facieur, the postman bon, good 
la giroueUe, the vane clair, clear 

la gravure, the doux, sweet 

engraving frais, fresh 
Vherhe (f.)» the grass fin, delicate, dainty 
en hiver, in winter grand, big, tall 
un homme, a man gat, cheery 

le houx, the holly haui, high 

le jardin, the g£^en joli, pretty 
la jumenl, the mare large, broatl 
la laine, the wool luimnt, gtoHsy 

le lait, the milk miir, ripe 

le laurier, the laurel -tree nouvean, new 
la lettre, the letter nu, bare 
le IxloH, tbe lilac piquant, .prickly 

le magasin, the shop plein, full 
le met*, the dish (food) propre, clean 
la neige, the snow rouge, red 
le pre, the meadow m^oureux, luscious 
la perttonne, the person tri/^te, dreary, sad 
la poire, the pear utile, useful 
le p()irier,ihe pear-tree vert, grt*en 
la pomme, the apple tnevx, old 
le pommier, the apple- garder, to keep 
tr«* je prendM, 1 take 
le ptmt, the bridge je I go 

(tu firintempe, in spring je 1 He<? 

le repae, the meal 
la rue, the street 
le rh'trbhe, the street- 
lamp 

la rii'iere, the river 
le me, the bag 
le Horbier, the mountain 
ash 

la terre, the ground 
le trottoir, the iFootpath 
la vache, the cow 
le eerger, the orchard 

I look through the w’indow 
window there is a large garden 


d, at, to 

au dela de. beyond 
de, of. from 
derrihe, In'hind 
detxinl, before, in 

front of 

par, through, by 
par mi, amongst 
aueei, also 
plusieurs, several 
toujour 8, always 
quand, when 

In front of the 
In the garden 
there are some trees. Amongst the trees there 
are a fine laburnum, a pretty lilac, a hawthorn, 
an evergreen oak, and a mountain -ash. There 
are also some laurel -trees. They are always 
green. The evergreen-oak also is always green. 
In autumn the mountain-ash has berries. They 
are red. In winter the holly has bc^rries also. 
The leaves of the holly are glossy and prickly. 
In spring the holly and the mountain -ash have 
no berries. Beyond the trees. I see a bri^e. 
Under the bridge there is a small river. Tne 
water of the river is fresh and clear. Beyond 
the bridge there is a broad street. The street 
has two footpaths. At the edge of the foot- 
paths there are some street-lamps. In the 
street there are several persons. They walk 
on the footpath. One of the persons is a 
postman. He has a bag full of letters. There 
are also a carriage and a horse. There is no cart . 
At the end of the street there is a church. It 


has a fine steeple. The steeple is high. It has 
a vane. The enureh is not old. it is new. From 
the w'indow 1 go to the table. I take a little 
book. The cover of the book is blue. In the 
lxK>k there are some pretty engravings. One of 
the engravings represents a farm. The farm 
is in a large courtyard. It haa a stable-for- 
horses and a stable-for-eattle. In the stable- 
for-eattle there are cows. 'Hie eow’ gives milk. 
The stable is the horses’ house. The stable is 
, not a large building. In the stable then* are 
a young horse and an old mare. Near the farm 
there is a meadow'. In the meadow there are 
sheep. A little girl kei'ps the shet'p. The 
sheep gives wool. The w'Ool of the sheep is 
useful to (the) man. Behind the farm then* is 
an orchard. In tht* orchard then* are i^pP^v- 
tre<*s, pear-trees, and cherry-trees. (The; 
apples are the fruit of the apple-trcH*. (The) 
apples are gcKxi when they are ripe. (Tlie) 
eluTries are the fruit of the cherry-tree. They 
an* sweet. (The) jx^ars an* luscious. I like 
the country. In summer 1 go to the country. 

I have a little house on a pleasant hill. It is 
white. The shutters an* gn*en. The roof is 
of thatch. It is dean and (*h(H*ry. In (at) the 
country (the) ext'rciso gives a new apfietite. 
(The) hunger is a good c(x>k (f.). The dishes 
are dainty. The meals are fcoata. In w’inU*r 
I do not like the country. It is bare and 
dreary. The trees have no leaves. Then* is 
snow on the ground. In w’inU*r 1 like the town. 

FORMATION OF THE PLURAL 
Nouns and Adjectivea 

Nouns and adjectives form their plural in the 
same way, and at^conJing to the following rul(*s : 

1. To form the plural of nouns and adjeetivw, 
add 8 to the singular : le livre, the lKX>k, lee 
Hires, the l)ooks ; un enfant poll, a politer child, 
dee enfantM poli8, fxilib* children ; la belle orange, the 
fine orange, lee hellen orangee, the fine orangixi. 

‘2. When the singular ends in m, x, z, there is 
no change for the plural : le file, the son, lee 
file ; la ixpix, the voice, lee ixnx ; le nez, the 
nose, lee net ; un file doux ei etpumie, a gentle 
and dutiful son, dee file dtnix ei eoumie. 

,3. When the singular ends in au, mu, eii, the 
plural is formtKl by adding x : le noyau, stone 
(of fruit), lee noyaux ; le bateau, Ix^at, lee 
bateaux ; le feu, fire, lee feux : un livre hehreu, 
a Hebrew IxKik, dee livree hebreux. The noun 
landau, landau, and the adjectives bleu, blue, 
and feu, late (dexx^aaed), take e for the plural; 
un landau bleu, a blue landau, dee landaue bleus ; 
le, feu princx, the late prince, lee feue princes. 

4. llie following seven nouns in ou also take 
X for the plural : bijou, jewel ; caiW/u, pebble ; 
rhf/u, cabbage ; geneni, knee ; hibou, owl ; 
j(puj(m, toy ; ptm, louse. All other nouns in ou, 
and all adjectives in ou take e ; le cJou, nail, 
lee clous ; le vemm, bolt, ks verrous ; un corps 
mou, a soft body, des corps mous ; un prix fou, 
an extravagant price, des prix fous. 

5. When the singular ends in at, the plural is 
formed by charging at into aux : le mol, evil, 
ache, lee maux ; le cheval, horse, lee chevaux ; 
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U tribunal. Us trihunaux ; lift conseU amical, 
friendly advice, dss c/mseils amicaux ; V instinct 
brutal, brutal inatinct. Us instincts hrutaux. 
Exceptions : The following (a) nouns and (6) 
adjectives take s for the plural : (a) atxU, 

endorsement ; ftal, ball (party) ; cal, callosity ; 
camaval, carnival ; chaccu, jackal ; nopal, nopal 
(Indian fig) ; ftal, pale ; regal, treat ; (6) fatal, 
final, filial, glcu'.ial, jmial, magistral (masterly), 
matinal (matutinal), mental, natal, naval, penal, 
sentimental. 

«. The nouns in ail in common use arc nearly 
equally divided lietween (a) those that form 
their plural by changing ail into aux, and (6) 
those that only add s. 

(а) Bail, leiu«% baux ; cjurail, coral, coraux; 

hnail, enamel, ^maux ; mmjnrail, air-hole, 
mmpiraux : vantail, leaf of folding-door, 

rnniaux ; iitrail, stained-glass window, mlraur. 

(б) Camail, bishop's cape, catnails ; detail, 
detail, dHaUs; fventail, fan, h^ntails ; gouvemaU, 
rudder, gou\>ernaiU ; ptntrail, chest (of horses), 
poitraiU ; pnrtail, porch, portaiU, 

7. The plural of some nouns offers peculiarities 

and irregularitif^s : (a) aietU in tne singular 

means grandfather, and has aieuls for its plural : 
il a deux aieuU, he has two grandfathers. It 
has a second plural form with the meaning of 
ancxMtnrs : il a des aieur nobles, he has noble 
ancestors. In this swond sense the word is 
never used in the singular. It is customary to 
say “ one of the ancestors,” instead of ” an 
ancestor,” 

(6) Ail, garlic, has two plurals, ails and aulx. 
Botanists preder the .reg\dar form : Ui famille des 
ails, the garlic family. The irregular form is 
more commonly used : il y a des aulx cuUit^s et 
des aulx sauinges, there an^ cultivated garlic 
plants and wild garlic plants. 

(r) del, sky, heavens, usually has the plural 
rif i44r .* la txixUe des cieux, the heavenly vault. 
When riel is used (a) to indicate the skies of 
pictures, (6) as the equivalent of climate, or (r) 
in a figurative sense, its plural is riels : (a) il 
print ae l^eaux riels, he paints beautiful skUw ; 
(6) la Gr^e ei VJtalie sont situees sous de beaux 
dels, Greece and Italy are situated beneath 
beautiful skies ; (r) des dels de lit, bed testers. 

(d) (EU, eye. usually has the plural yeux : eUe 
a de beaux yeux, she has beautiful eyes. In 
compound words in which it is used figuratively, 
it forms its plural regularly : des arus-de-baruf, 
bullseye windows ; des orils-de-chat, catseyes 
(precious stones). 

{e) Travail, when it means work, has the 
plural tramux : des travaux manuels, mi^ual 
labour. When used in the sense (a) of a brake 
for shoeing vicious horses, or (6) of official 
reports to tbe head of a department, it forms its 
plural regularly. 

(/) B^il has no plural, and bestiaux has no 
singular. Both mean cattle, and may be used to 
supplement each other. 

8. Some nouns have one meaning in the singu- 
lar and two meanings in the plural. Tlie most 
usual of these are : wfie arme, U’eapon, des 


armes, weapons, and coat of arms ; urn arret, 
stoppage, des arrHs, stoppages, and arrests ; U 
dseau, chisel. Us dseaux, chisels and scissors ; 
la tUfenae, d^enoe. Us defenses, defences, and 
tusks ; U fer, iron. Us fers, different kinds of 
iron, and fetters ; la lunette, telescope. Us 
lunettes, telescopes, and spectacles. 

9. Some nouns are us^ only in the plural. 
The most common of them are : 


Us agrts (m.), rigging 
Us aUniours (m.), sur- 
roundings 

Us hroussaiUes (f.). 
brushwood 

Us decombres (m.), 
rubbish 

Us depens (m.), costs 
emnrons (m.), environs 
fiangailUs (f.), be- 
trothal 


frais (m.), expenses 
funhraiUes (f.), funeral 
immondices (i), filth 
materiaux (m.), ma- 
terial 

mceurs ({.), morals, 
manners 

(tbsbaues (f.), obsequie- 
thimes ({.), dark- 
ness 

dvres (m.), provisions 


Exxncisx VII. 


1. There are some beautiful books. * 

2. The children are polite. 

3. You have some fine oranges. 

4. Boats have rudders. 

b. Peaches (pSche) and apricots have stones. 

fi. We have given prizes {pdr) to the pupils 
{Heve). 

7. The doors have no bolts. 

8. The children's to^ are broken (casse). 

9. The princess’s jewels have cost {route) 
exorbitant prices. 

10. There are some cabbages in the garden. 

11. The shepherds (6«rger) tend {gardent) the 
Hocks {iroupeau). 

12. Horses are useful animals. 

13. There arenojackals in England (i4iq7feferrf). 

14. The churches {eglise) have beautiful 
stainei^lass viindows. 

15. Ine generals have noble ancestors. 

16. We have no need of fans. 

17. The little girls have blue eyes (the eyes blue). 

18. They have given several {plusieurs) balls. 

19. The vault of the heavens is strewn with 
{parsenUe de) stars {HoiU). 

20. The works of men are perishable (phissabU), 

Key to Exxroibk V. (page 907) 

1. Il y a quatre saisons : le printemps, I’ete 
I'automne, et I’hiver. 2. Le printemps est la 
premiere saison de I'ann^. 3. L’hiver n’est pas 
la saison des fleurs. 4. £n ete il n*y a pas de 
neige. 5. Le mois de Dmmbre est un des mois 
de T’hi ver. 6. La pomme est le fruit du pommier. 
7. Le rosier n’a pas des fruits. 8. Le chene est 
un arbre, la bruy^ est un arbrisseau. 9. Il 
y a un hetre et une aubepine derri^re la maison. 

10. n a une prune, eUe a un abricot, et nous 
avons des cerises. 11. I] y a un oiseau dans 
la cage. 12. Les enfants sont sur la plxge- 
13. Le Mre et la sceur ont la rougeole. l^^ai 
une migraine. 15. Le menaonge est un vice. 
16. Iji aentineUe n’eat paa une reorue. 17. 11 y 
a une gravure aur la premia page du livre. 
18. J'^ria avec la craie. 19. Le marin et le 
mouaae aiment la iner. 20. La fin de la le^. 


Continued 
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Gender of Nouns* Adlectives* etc. 

XII. Of FufiNiNK Gkndkb are: 

(а) Subatantives denoting female persons [nee 

ni. 

(б) Many animals of both sexes. 

(c) Noons ending in ri, fit, fchuft* un^. and 

ud>t. 

(d) The names of most trees, except compounds 
with :*<l^auin (m.) tree, which are always 
masculine [seeXII.'j]. 

(e) Inanimate obj€»cts ending in r. 

if) Such words ending in in, as are formed 
from the correlative masculine by the 
addition of this suffix which denotes the 
female gender. (Masculine nouns ending 
in in this case drop this letter, and in 
some cases the stem vowel is modified.) 
Tfx the king ; tie tn. the 

queen ; ter @raf, the count ; tie ^fraf in, 
the countess ; ter iJctw. the lion ; tie IJcwan, 
the lioness ; ter Jpunt, the dog ; tie ^unt tn, 
the bitch; ter J^ran^c'fe, the Frenchman, 
tie Sran^oriin*, the Frenchwoman ; ter '^auer, 
the peasant, tie ^au'et:in, the peasant- 
woman. 

{g) The wives of persons with academical and 
certain professional titles are generally 
addressed with feminised modifications of 
these titles. The wife of a doctor, pro- 
fessor, parson, councillor, major, etc., is 
addressed as i^rau Toctcrdn, ilrcfeficr:in, 
ilfar'reran (ter lllfarrer. the parson), iW with in 
(ter fRath, the councillor), uRaicr';in. 

{h) The names of a few countries, which are 
always used with the definite article 

Examples: (a) tie Tcchter, the daughter; 
Me «3(htpeflcr, the sister. 

(6) tie the lark ; tie ^t>iine, the hyena. 

(c) tie <^c^tnei(^lei', flattery ; tie Srei'ljeif Jiberty ; 
ne ^reu'ntfc^aft, friendship ; tie (fri'nnerun^, 
'emembrance ; tie ^(hlutht, the gorge, ravine. 

(d) tie ©idle, the oak (but ter ©ichbaum, the 
3ak tree) ; tie ^aml, the poplar ; tie Vdrthe, the 
arch ; tie 9t(hte, the pine. 

(e) tie Xinfe, the i^ ; tie fRofe, the rose ; tie 
!^ute, the kindness, etc. Exceptions : t e r .Rdfe, 
:.he cheese ; t a S the eye. 

(k) tie Xfirfei', Turkey ; tie Sdiwei^, Switzer- 
and ; tie Jtrim, the Crimea ; tie SRd'tau, Moldavia ; 
Me ^aUa(^', Wallachia, etc. 

Of Neuter Gender are: 

1. (a) All words which are not substantives, but 
are used substantively, and are therefore 
written with capitals. 

(6) The names of some countries and towns, 
which take the article tas when preceded 
adjectives. 

• Exception: Tetitfi^, the German, tie 

^nttfdif (md tie Tfutfdun), the German woman. 


(r) All diminutives ending in (hcii and IfUi. 
[Sec Vll.j. 

(d) Most nouns ending in iup. lal, and turn. 

(e) Many metals. 

(/) The majority of collective nouns with the 
prefix t^c . 

Examples; (a) ta^ lantcn (infinitive of a verb 
with a capital), the (act of) dancing ; ©rba'benc, 
the sublime (adjective used substantively) ; tad 
'IMfrfad'f, the manifold (indefinite numeral), etc. 

(6) tad fc'iiiiivV x^ta'llfn, sunn> Italy ; tad iw'bfli^e 
©ii^lant, foggy England ; tad unfimf'^lidM Venten, 
immense London ; r»id rrichc >^ambiii^, rich 
Hamburg. 

(c) tad 'i^nVtfrcbni (diminutive of ter '.Brutfr), 
tad ^uttrrlfiii (dimin. of tic aWiittfr), tad '.l^UVmrlfin 
or tvid ^^liimdirii (dimin. of tic '^liinir, the flower). 

(d) tad Jbiii'tfrnid, the obstacle; tad Scbicf'fal, the 
fate ; tad .t>fi'luvuui, the sanctuary . Exceptions ; 
Mf .Rf'nntnid, (/.) the know-hnige ; tie Tran^fal (/.), 
the affliction, trouble ; rrr JHfid'tum (m.) wealth ; 
and a few oiht^rs. 

(e) tad ©ifen, iron ; tad 'i'lft, lead ; tad Jlutfcr, 
copTCr ; tad Wilber, silver. Exception ; t<r eta^l, 
steel. 

(/) tad (Mfbir'^f, the mountain range ;tad Wffd'l^r, 
the retinue ; tad the clouds, etc. But 

there are also many kxckitions; for instance: 
t i f (Mfmfin'tc (/. ), the community ; trr Wefan^^' (m.), 
the singing, song. 

*J. (X)MporNi) Nouns take their gender from 
their last com jK>nent — e. g., ter ^<c|Vbutf (m.) 
the postman, [tu (/.)andtf r 'Belt (m.) 
messenger] ; t if '^ricriaubf (/.) the carrier- 
pigeon, [trr '.tariff (m.) letter, and t i e laubf 
(/•) pigeon, dove] ; t a d War'tfnfeft (n.) the 
garden party, (ter (Marten (m.) and tad 
/veft (n.) the festivity]. In some compound 
words an c or d is inserted for the sake of 
euphony. 

3. (Compounds of ADJKf’rivEs or Prkin»- 
sitions with Substantives generally take 
the gender of the substantive, but there 
are exceptions to this rule; fur instance: 
tif ^ii'mut (/.) the grace, [ter 9Wut (m.) 
courage]; tu ^anftmut (/.) gentleness, 
tenderness [fanft, gentle, and ter 9WutJ ; 
t f r 9lb fdifit (m. ) the aversion, [t i e ^(beu (/. ) 
bashfulness] 

4. A few substantives have two genders which 

can lie used indiscriminately ; for instance ; 
trr (m.) or tad (n.) aRf'lcr (the metre), 
If itrr (litre), ^aromf'tfr, (Bxeptex 

(sceptre); tic (/.) or tod (a.) ilrrtfrb'nid, 
corruption, depravity ; trr or tie ^ud^iir, 
lobby, entrance hall ; trr or tad Un'grdtfint, 
impetuosity, etc. 

5. The following substantives cliange their 
meaning with the gender: 
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X Sant (m.) volume 
[of a book] 

, Matter (m.) peasant 

, ^uttb (m.) league 
. (Il^or (m.) choral- 
tong, or choruM 

. (trbf (m.) heir 
t (/) in- 

sight 

r (m. ) cont>entH 

(Mri$rl (m. ) hostage 
• •&<>[( (m.) clasp 

(m.) Hant 
Mountains 

(m.) heathen 
, J&ur (m.) hat 
, .Hiffrr (m.) jaw 
, .Htintf (m.) euH- 
tomer 

, Vritfr (fit.) manager, 
guide 

t 3,Warf {/.) province, 
boundary, (ierin. 
(Hiin 

r 3Rrnfd> (m.) man 

iff r ( m . ) measurer 
(m.) rice 

, 'echilt (m.) shield 

, (fit.) lake 
'Stncfff (m.) off- 
spring 

t etfiifv, (/.) rate, 
tax 

r «lift (fit.) pencil 

, Ifil (m.) part 
Tbcr (m) fool 
'llrrtirnO (m.) gain, 
profit, earnings 
■ (/.) defence 


t a 9 ant (n.) ribbon 

„ SaufT (w.) [bird-] 
cage 

„ '^unt (a.) bundle 
„ (tbcT (n.) locality in 
the church for the 
choir 

„ (trbf(n.) inheritance 
„ (^rfcnnmif (n.) judi- 
cial verdict 
„ (Mfbalt (n.) salary 
tif (/. ) scourge 

-baft (/-) prison, 
custody 

ta^ .t>ar;^(fi. ) resin, gum 
of trees 

tif -bfitf (/. ) heath 
„ •t'ut (/.) heed, guard 
,, .kiffcT (/.) fir 
„ .Hiintf (/. ) news 
intelligence 
Vfitfr (/.) ladder 

tat''JlVarf (n.) marrow 


„ '3)^<nid> (n.) wrench, 
hussy 

„ SJJfifir (n. ) knife 
„ a.) sprig, twig 

,, «(bilt (a.) sign — 
Ixmrd 

Mf <£ff (/.) sea 

^rreiff (/.) step of a 
ladder 

rat^ (n.) helm. 

ruddtT 

,, ^tift(a.) monastery, 
chapter 

„ Ifil (a.) due, share 
„ J ber (n.) gate 

(a.) merit 

„ ^tfbr(n. ) weir, dyke, 
ditch 


Inflections of WeoK Verbs 


XIII. In the Impkkfbc^ a uyak verb 
X.] takes the following inflections; 

IsnicATivK. 

StnguUir 

1. ctfor tf t(b U'b If I praised 

2. 'f t f fl or t f ft tu U'b ffrt thou praistdst 

3. ftror tf fr Icb If he praised 


Plural 

1. f tf n or ten krir Icb'trn we praised 

2. ffetor tft ibr Icb trf you 

3. ff t f n or t e n fif Icb ttn they „ 

1. The infleottons of the conjunctive are 
kientioal with those of the indicative. 

2. The first -f of the inflections -ftf, -ftcil. etc. 
is TOnerally dropped, but retained for 
euphony's sake in verbs with steins ending 
in -b. -n, -ft, -t ; like : bab-fii, to bathe ; 
atf^m-m, to breathe ; fcfl-fn, to cost or to 
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taste ; irart-rn, to wait ; (1. stag, ttb Kib-rtf ; 
2. tu atl^mft-rfl ; 3. frfc#-fte; 1, plur. nsix 
asirt-ftfu, etc.). For the same reasem the 
first c of the inflections is somerimes 
dropped, sometimes retained, in verbs with 
stems ending in -ti. Thus it is dropped in 
abn-tn, to forebode ; ^abn-ftt, to yatrn ; 
Irm-rn, to learn, etc., and retained in 
cffn-fii, to open ; rfdut-fn, to reckon ; tfid»n-ni, 
to draw or design. (1. sing, id) : 

2. tu f^dt^n-tftt ; 3. fr Uru-tf; but 1. pfur. 
tpir ^n-ftfU ; 2. ibr rfcbn-ftrt ; 3. fie tfithn-rten). 
The Imperfbc'T is the distinguishing trait 
of the weak and strong conjugations 
[see X,]. Weak verbs form this tense 
bv taking suffixes, strong verbs by 
changing the stem vowel. tHftfii (stem ; 
ret-) and irreebfu (stem: fprf(b-) — either of 
which signifies, to speak — form the imper- 
fect : t(b rtr-ftf (weak) 1 spoke, and icb 
irracb (strong) I spoke, the latter merely 
changing the stem vowel f into a. 

EXAMINATION PAPER IV. 

1 . What is the usual gender of trees, and 
under which conditions is it changed ? 

2. How are feminine nouns formed from 
masculine nouns which have no separate 
feminine eorrelative ? 

3. What is the gender of nouns terminating 
in (, and indicating inanimate objects ? 
Are thert‘ any exceptions t 

4. What is the gender of nouns which are not 

^ substantive^, but are used substantively 1 

!>. Which nationality is exempt from the rule 
rt*ferrtd to in question 2 ? 

ff. Which gender is taken by compound sub- 
stantives y 

7. Which letters are sometimes inserted 
between the components of a compound 
noun, and w hy ? 

8. Bv which tense is it easiest to recognise 
whether a verb belongs to the weak or to 
the strong conjugation ? 

2. In which cases is the first f of the inflections 
of the weak imperfect retained ? 

10. Which is the most characteristic feature 
of the strong imperfect ? 

1 1 . Are there any differences in the inflections 
of the w^eak imperfect in the indicative 
and in the conjunctive ? 

12. For what reasons is the first f in the 
inflections of the weak imperfect frequently 
dropped ? 

ExKRCtss 1.* Insert the missing articles, 
verbs and nouns. 

Jontf Tfbrt mit - . . . tlfiditr ; ^dnDcffrr 

The aunt speaks to the niece ; the sister 
TOabcbrni? mI feben ; id) liebc .... Cfidx, 

of the girl is pretty ; I love the oak, 

. . . mit . . . ,9atfanieti . J^cflidirrit 

the poplar, and the chestnut (-tree) ; the civility 

** To avoid confusion, the German phraseology 
has been adopted for the English triuislation of 
German sentences, so that each English word 
is placed under its German equivalent. 



iH befannt ; . . . drinittrun^ ift 

of the Englishman ia known ; remembrance is 
. . . ^Uufftfin (»ec VII. b and XII. 2) . . . ^l^fT^an^mbtU ; 
the touchstone of the past; 

3BifK rear ^run un^ .... brauii : 

the meadow was green and the heath bro^n : 

<tdff ill frifcb. 

the cheese ia fresh. 

f^urft ftbrnbr ; Irbif .... 

the prince writes ; the princt^ss praisiHi the 

.ilinbfr ; . . . '^arcn unb fi'mmrn hcutf; 

children; the baron and the baroness come to-day; 

. . . 'ii'df unb anb . . . 

the wolf and the ahe-wolf, the fox and the 

niib ‘Waiibibifrc ; . . . . '-l^lanrdu'ii 

she-fox are beasts of prey; tha|ittle flower(dimin.) 

bliiht ; .... un^t ; 

blossoms ; the little bird (dimin ) sings ; 
fVinftcrni*> war unburcbbrin^Uch ; . . . .'>flrfntum 

the darknt^ was impenetrable ; the heroism 

. . . (Mrifcbcn ; . . . Wclr unb . . . 3ilbcr . . . ajlctallc ; 

of the Greeks ; gold and silver are metals ; 

. . . altf , . . ^bnn ifl bcut^nta^f wcrthvi'K : . . . .ctahl 

old tin is nowadays valuable ; the sUh'I of the 
Tfiirnt'' .... bim'am ; .... (MfictMif .... illaimct'i 
sword w'as pliable; the fate of the man 
cvwfCftf . . . (^^rfubl . . . ilWiilfibi'; . . , (Mcfaiui 
awakens the sentiment of pity ; the singing 
.... CMcmcmbf unb .... (>icbft .... 'iifarrcri< 
of the community and the prayer of the parson 
warm berbar. 
were, audi ble. 

ExERnsE 2. Form compound nouns with 
their articles from the substantives: 

Ttx 'll^alb, the wood (forest) ; bic CufKc, the 
source: 'li^albauclli'. Tex 'i'acb, the brook; tic 
ircrcllc, the trout: '.^acbfcrcUc. Xic rVcrcUc, ber 
'^acb : ircrcllmbad'. Ter the bird ; bae '.Ucfl, 

the nest: 'i^c^clncjl. Tae yicft, ber 'in^cl . '-tlfftriMcl. | 
Ter 'I' cr^. the mountain ; tic .Hmc, the ridge (or 
chain) : 'i^cr^frtre, the ridge or chain of mountains. 


LANWJMm-WIIMAM 

Tit ‘iMnb. the hand; ber «<bub, the shoe: 
^anbf^ub, the glove. 

Exercise 3. Insert the different articles of 
the consonant substantives with different 
m€>aning : 

.... ^cc ijl eft fi' wilb wif . . . . «ff ; . . 
the lake is often as rough as the sea; the 

.Hunbf erreubtf . . . .kunben ; ... 'tlcrbimil 
intelligence reached the customer ; merit 
unb . . 'itcrttmfl bc^cyvtm cinanber niebt immer ; 
and gain meet (each other) not always ; 

(do not always mMi) 

.... (^rfcnnmiMi ^ci^r . . . (^rffuntniiw tt« Oficbfrr^ ; 
the judicial verdict shows the insight of the judge ; 
. . . I berm femmm burcl> .... Ibcr be# Wartm<5 
the fools come through the gate of the garden. 

Exercise 4. Add to the stem the eon- 
jugational inHc'ctions : 

Ad' rcif . .. imr ibiii : wir wanber . . .* burd) bm 
1 travelled with him ; we walked through the 

(Marten ; fie ^eid'it . . fleisi^ ; eie ^eiebn . . ein Silb ; 
garden ; you dn*w diligently; you drew a picture ; 

fie liebt . . einanber ^artlicb ; fie liebt . . bm 
they loved each other tenderly; she loved the 

'itatcr ; wir atm fanm ; er retbu . . . laut ; 

father ; we breathed scarcely; horei’koned aloud ; 

bn arbftt . . . imb bhrf . . .* niebt nacb mir ; fie n>art . . 
you worked and glanced not at me ; she waited 

nnb wanrev . . baiui frrt ; bu cr^ild . . .* bic 
and walk<>d then away ; you narratod the 
(vundbeiten , Me iUJnttcr ftrid . wir arbeit . . . ., 
{mrticulars , the mother knitted, we worked, 

fie red'll bic .Hinber fvid . . nur bei 

you calculaU»ck the children playc^d, only the 
'itatrr febl . . . ; er . , . . nid't babritn. 
father was missing ; he was not at homo. 

• wanber n, U) walk, wander ; blitf;m, to look, 
glance ; er^abl m, to narrate ; flrirf'cn, to knit ; 
friebm, to play. 


Continued 
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How the Blood Circnlates. Action of the Heart, Arteries, Capillaries 
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and Veins. Pnlsatioo. Vascular Glands. Lymphatic System 
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have connidered the whole system of 
\e.iHeIs, large and small, t'sat convey the 
blood to every part of the body, and examined the 
wonderful pump by means of which the life stream 
is propelled onoe round the body evoiy minute. 
All this can, of course, be looked at after death ; 
and if any student is interested enough to verify 
the facta we have described, and shall de8cril>e, 
in this course, an admirable way of doing so is to 
buy a skinned rabbit that has not had its internal 
organs ixsmovod, and then, with a common pen- 
knife and a pair of forceps, the leading facts of 
anatomy can, with litthi trouble, be clearly made 
out ; and although the arrangement in a rabbit 
is not exactly that of a human being, it is 
<pjite near enough for all pra^^tical purposes. 

The Blood in Circulntion* But now 

we have to follow men tally what cannot be seen 
by dissection —and that is, the blood in actual 
circulation. 

The best way is to laigin with the heart and 
follow the course of the blood through the 
various chambers there, bearing in mind at the 
outset one or two leading facts. The blood 
enters the heart on the right side, and finally 
loaves it for the body on the left. The right 
hiMirt is always full of bluish, or venous, blood ; 
the left of bright red, or arterial, blood. 

'Hie actual movement through the heart, then, 
is as follows: llie two upper chamb<irs com- 
municate with the lower by moans of folding 
doors or valves, but there is no opening betwetm 
the right and the left sides of the ncart. 

The Heart en Automatic Pump. The 

blood arrives at the right side of the heart by the 
two large veins from the upper and lower }>art8 
of the body. Just liefore the inferior vena cava, 
or lower vein, reaches the heart, it receives its 
fresh supply of food by a large vessel from the 
liver that opens into it ; and just before the 
superior vena eava. or upper vein, reachw the 
heart, it weives all the cnyle, or digested fat, 
togetlier with the purified lymph, from the body, 
80 tliat Uie venous blood which pours into the 
heart is not the same as that which left the 
oapill^es, but has already received its fresh 
supplies of nourishment. All it now wants is 
the oxygen frtim the fresh air to restore its bright 
colour. The blood enters Utb heart by the rigAl 
auricle^ and pours dow'n through the open valve 
in the floor into the hffhi vetUricle below. As 
^is fills with blood, the flaps of the valve — three 
in number (hence it is called the tricu^id valve, 
because it has three cusps, or flaps)— fl^t up on 
the blood and close together gradually. Vl^en 
the right ventricle is quite full, the heart con- 
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tracts forcibly, and all the blood is forced out of 
the ventricle, through another valve with three 
flaps, along a short artery called the pulmonary, 
or lung artery, because it takes the blood 
to the lungs to be charged with fresh air. 
It then passes through the innumerable lung 
capillaries. 

When the blood has received its supply of 
oxygen, it returns by four vessels, called the 
pulmonary veins, to the left auricle. It pours 
through the valve in the floor (which is called the 
mitral valve, because it is like a bishop's mitre, 
and has only two flaps, or cusps) into the left 
verUricle. Ajs this fills, the cusps of the mitral 
valve are floated up and closed. The heart then 
contracts vigorously (at the same time as on the 
right side) by sudden muscular action of the 
walls (which are over half an inch thick) and 
forces all the blood through another valve with 
three flaf)s, called the aortic valve, into the aorta. 
This squeezing of the heart can only drive the 
blood in one direction, on account of the valves. 
If you get an indiarubber syringe, which has a 
ball to squet'ze in the middle, and a tube at each 
end 1 66], and put the shorter end into water and 
squeeze, as the ball expands again it sucks the 
w'ater in to fill the ball ; and then, as you squeeze 
it again, a valve prevents the whaler being forced 
back, and it rushes along the other pipe and 
comes out in a jet. Tlie snort pipe in the water 
may reprewmt the veins, the ball the heart, and 
the other pij)e, out of which the water flows, the 
arteries. 

Pulsation. The contraction of the heart 
we call the beat, and it occurs about seventy 
times a minute, and gives the throb, or pulsation, 
to the blood in the arteries ; this flows in jerks 
(os you see when one is cut), while the blo^ in 
veins flow's in a slow and steady stream. 

The Greater and Leaser Circular 

tiona. We thus see there are two principal 
oiroulations — one called the systemic, or greater, 
circuiatum, that circulates through the system or 
body ; and the other the pulmonary, or lesser, 
circulatum, that circulates through the lungs. 
In the former the blood loses oxygen, gains 
forbtsiic acid, and becomes dark and impure ; in 
the latter the blood loses carbonic acid, gains 
oxygen, and becomes bright and pure. 

The strength of the beat of the left ventricle 
is double that of the right, and the whole force 
exerted by the heart is equal to 120 tons lifted 
one foot high, or the heart's own weight raised 
20^000 ft. eveiy hour. The greatest height an 
active man can raise .himself is 1,000 ft. an hour ; 
a locomotive can raise itself nearly 3,000 ft.. 
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iR*hile the heart raises itself higher than Mont 
Blanc. 

How the Heart Rests. There is an 
idea that the heart is more incessantly at work 
than other organs. Such is not the case, but 
the periods of rest alternate much more rapidly. 
All working parts of the body have their intervals 
of rest — the brain when we sleep ; the stomach, 
eyelids, diaphragm, etc., at shorter intervals. 

If the whole circle of the heart’s action be 
completed in of a second, half of this is rest, 
as is represented in 66. The contraction of the 
heart is called the systole, the rest the diastole. 

The movements of the heart are mainly caused 
by three sets of ganglia in the heart itself. With 
proper care, a heart can there- 
fore beat when out of the body 
altogether, and even when cut ^ 

in three pieces, each of which n 

includes one of these ganglia, V 

or nerve centres. u 

Arterial Circulation. 

Passing on now to the course 
of the blood in the arteries, we 
must remember that we have 56. syrinue ill 
not here to deal with a series of of the heai 
rigid pipes, but highly elastic 
tubes. This elasticity is a very important 
property in more w’ays than one. In tne first 
place, the Iwat of the heart on the injection of 
four tablespoonfuls of blood into the aorta is 
intermittent, and takes place ab< 3 ut K^venty times 
a minute, or at least every second. Now, such is 
the force of the automatic pump we call the 
heart that, as we have said, it lifts its own weight 
higher than Mont Blanc every hour, 'Jriis 
force, if an artery w’ere a rigid tulie like a gas- 
pipe, would draw the blood along in jerks at 
about 200 ft. a second. As it is, the force first 
of all distends the elastic artery so that you can 
feel it swelling beneath the finger at the wrists, 
and can also often notice it with the eye there, 
and at the temples. 

Then, in the inter- ^ ^ 

yals between the | fo ^ 

beats, the contrac*- r' ^ f I j 1 — 

tion of the over- ^ ° 

8tretohedartery«till gj 

keeps up the pres- 
sure on the blood. A, Auricular Systole - i 
and forces it along yV» sec*. ( \ DiasO 

the vessel, convert- 
ing by this means an intermittent propelling 
power of 200 ft. a second into a steady flow 
of about 1 ft. a second, which is the averi^e 
arterial speed of the blood until the capillaries 
are reached. We have already stated that if 
the arterial calibre be represented by a tube 
1 in. in diameter, that of the united capillaries 
would be about 2 ft., or nearly 600 times 
asjpeat. 

Xhe Rush of the Blood ChecKed. 

Here, then, the rush of the blood is completely 
checked. It is like a river flowing into a lake, 
and not only into a lake, but into a network of 
tiny channels equal in size to a lake, and in- 
volving loss of power by friction against their 
million walk. All this reduces the blood speed 


from 1 ft. a second 1 in, a minute. On 
this retardation, ns we have showm, our life 
depends. It is usek^ss whisking food at 
miles an hour fiast our doors. It is all very 
well to bring it up at this 8|>ood from all parts 
of the country ; but when it has to U' dis- 
tributed in towns we no longer use trains at 
60 miles an hour, but butchers' and Wkers' 
carts that stop and deliver at every dixir ; w'e 
should die of starvation othc^rwise." A f)arallel 
ease occurs here*, ^riu* air and f(K>d cannot bc^ 
brought too quickly to the populous cell towns ; 
but once then' it is carried slowdy fnim door to 
dcKir that each may take his share, and all l>e 
sati8fit*d. So far. from all we have said, it 

niiglit In' supposed that the 

\ process is simply mec'hanical. 

A w ell-made pump beating ever 
at 70 strokes a minute fonnw 
)j the blood into miles of tiny 
tulH'K. through which it circu- 
lates at a fixtnl rate But such 
^ is not thc' case. In the first 

platM* the circulation in the 
55. SYRINUE iLLi'STRATiNiJ ACTION arterial system defx*nds, of 
OF THE HEART AND VALVES course. ujKm the heart’s U'al ; 

but this is by no itHums uniform 
nor equally forcible, for in its turn it m controlled 
from the lower brain by an intelligent force 
often termed “ Nature," but which I call the 
unconscious mind, llu* control may Ik* partly 
ndox — that is. the result of stimuli ; but those* 
who have thought more on the> Hubje*ct are* 
convinced that even in reflex action thcre^ is 
something more than mesre mendianism, that 
some power beyond matter is at we)rk — the*re* 
is the direjcting agent of mmd. 

Action of the CapiUariee. Once, 
however, the capillarit's are reached the jKJwer 
that controls thc raovc*nu*nt of the* blood is no 
lemger the heart force with whie’h it is profx?lled, 
but the o})ening or closing of thc channels 
thremgh which it 
yf has to flow Inhere 

1/3 , is, OH we shall see* 

i ^ "“I “ ^ secofut when we study tlie 
^ nervous system, 

OF THE HEART 

brie*fly fwanted out 
E?c. B. Vemtrieular Systole in speaking of 
le, or pause iie*c. assimilation, a 

central jwwer that 
e’ontrols alisolutely the ojKming and closing of the 
miles of capillarie*s in the* Ixidy, so that thf*y are 
iucessantlv varying according to the changing 
nesds of the ©conorav, and its requirements not 
only of food but of lie^at. For we must ever 
rememlxsr that this great circulation of hot food 
through the body not only feeds it but warms it. 

We cannot here go ink) the wonderful way 
in which whole tracts of capillariem are thus 
incessantly being o^ned and closed according 
to the b^y’s nee^. Sulik;e it to say the 
procsess is so remarkable, and so beyond mere 
mechanism, that were there no other indication 
of a central intelligent controlling force, this 
would suffice. 

We need not linger longer on thc passage of the 
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68 ONE BEAT OF THE HEART 

A. Auricular Systole - iVj B, Ventricular Systole 

sec*. (\ Diastole, or pause ^ s(*c. 



blood through tbone tiny channeW, for the 
section on aMimiUtion has covered the fiame 
ground 

The Blood In the Veins. Wlicn we 
come to the veins we find for the first time the 
circulation begins to be in difficulties. It is 
easy to drive the blood from the heart to the 
capillaries, say, of the great toe ; the difficulty 
is to get it back again. It is in every sense 
uphill work, for the force of the heart is well- 
nigh spent as far as direct impulse goes, owing 
to the fiasskge through the capillaries ; but stiO 
a certain compulsion from behind remains to 
help the blood, now venous in colour and 
quality, bacrk to the heart. 

Exerclae Aida Circulation. The 

sec^ond help that comi's into play aristis from 
the fact that the walls of the veins are thinner 
than the arUiries, and as they are placed between 
the large museleH in many cases, muH<'ular 
contraction in the exercise of arms and legs 
squeeaic*H these veins so forcibly os almost to 
at^t os another pump. Of courw* a moment's 
reHcK'tion will show that sciutx'zing a pipe alone 
den's not projH‘1 the contents— it simply forces 
some {Kirtion bac'k and some a little forward. 
Valves an* n*quired that omm towards the 
heart, but cannot be Ofx'ned bac'kwards. and 
thm‘, as we have' sen'n, the veins jx^sse'ss ; sei 
that eve^ry sepieH'ze* e^vn e)nly mejve the hleK>d 
in erne* elmiction, and that is towards the heart. 
Here we sex' the gr«*at value eif exercise in aiding 
the venous eireulation. Without it the venous 
blexx! te'nds to stagnate, and all the vital pre)- 
ct'sse'H are* n^tardenl as the circulation IxM'enne's 
enfe<*l»l(‘d. 

The Part Played by Respiration. 

The next help the circulation gets is from the 
respiration, in which the pn-ssun* on the large 
bliKxi-veaacls and heart is withdrawn, and then 
the blcKxl is sucked up towards that organ. 
The fae'tors, then, that bring the blood l>ack from 
the capillaries to the heart are : (1) The heart's 
lx*at ; (2) the Uiimuxis of the veins ; (3) th(» 
squeezing by muscle contraction ; (4) the 

valves ; (5) rt'spiration. And thus in almost 
one minute the blmd floi^s from the left to the 
right side of the heart. 

When the Blood Leavea the Heart. 

BUxd. w'hen it loaves the heart, has its choice 
of one of five courses. This is briefly described 
in the diagram [57j. 

11ie afmrUM is round the walls of the heart 
itself to nourish its muscles, starting from the 
left side and returning through the right veins. 
This is called the conmary circulation. 

The iiexf longer is from the pulmonary arteiy 
in the right side of the heart tlirough the lungs 
and back to the loft side of the heart by the four 
pulmonary veins. This is called the pvimonary 
circulation. 

Hie second longer is from the left side of the 
heart through the walb of the digestive oigmns 
and kidneys* receiving the food and oarrying it 
into the Uver and also getting rid of any refuse, 
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and flowing back to the right side of the hi^art. 
This is called the digestive circulation. 

The third longer is from the left side of the 
heart through the brain by special capillaries 
and veins that cannot close, which we shall 
describe later, and so back to the right side of the 
heart. This is called the cerebral ciroubtion. 

The last and longest is through evepr part of 
the body, and this is the systemic circubtion, 
and has been already dcscrilxd. 

What ia the Pulae ? The pulse is 
not the actual flow of the blood, which would 
certainly appear to be intermittent, as indeed 
it is, when it spurts out of a cut artery. In the 
closed artery, however, it is not, as we have 
shown, intermittent, but is steady, owing to the 
pressure of the blood in front and the give of 
the elastic arterial walls. The pulse is the wave 
sent along the blood by the beat of the heart, 
by the forcimi: into the aorta of the fresh supply 
of blood. This wave passes dow'n the blocxl- 
stream, stretching the wall of the artery as it 
traveb along twenty -eight times as fast as the 
hlocxl itself flows. The pulst', therefore, at the 
wrist is almost simult«neoiis with the l)eat of 
the heart, which it could not possibly lx* if it 
were the flow of blood that cause<l it. 

Jk'sides its elasticity the arteiy has also the 
muscular coat, which in the smaller vessels 
adjusts the amount of bhxxl to the state of 
the eapillaries (whether ojx*n or shut), so that 
there may Ik» no sudden block. Tliis nice 
adaptation of the size of the vessel to the 
amount of bliKxi in it is called “ tone," and 
the loan of tone in an arU'ry shows either 
languor of central eontrolling |)ower (nerve 
exhaustion), or failure of elasticity (age. disi'as^*, 
etc.), or the formation in the arterial walls of 
hard plates (gout, etc.), all interfering with the 
rt'gularity of the circulation. 

1'he pulse is not only at the WTist, but where- 
ever an artt'rx' is near enough to the surface for 
the wave of the pulse to Ix' felt or seen, os at 
the tempk'S, the ankles, etc. 

We may just state that generally the influences 
that slow down the circubtion are (*old, digitalis, 
and the pneumogastne nerve, whereas heat, 
atropine, and the symfxithetic nerve accelerate 
it. The vaso-motor nerve of>en8 and Moses the 
capilbries. and these act harmoniously, not 
only with arteries, but with the nerv’es con- 
trolling the heart. 

The Veecular Glands. As indirectly 
connected with the vascular system, w’e may 
here consider the vascular glands, w’hich include 
the spleen, the thyroid and the thymus glands 
in the thorax ; and the suprarenal capsules 
above the kidney’s. 

The spleen is about tlie size and shape of the 
palm of the owner's hand, and is situated beneath 
the ninth, tenth, and ebventh^ribe in the left 
aide beneath the diaphragm. Its convex side 
is outward and its concave is in close proximity 
with the tail of the pancreas. It b of a deep 
red ooloor* full of blood, and weighs about half 
a jmund. It b credited with many functiona one 
being that of a storehouse of peptones, sad 



# there is no doubt that 
a storehouse b sorely 
wanted by great meat' 
inters. Tlie red cor- 
puscke of the blood are 
also said to be bom here 
and introduced into the 
blood in great numbers, 
and then broken up and 
taken out when they want 
to die. The spleen b 
greatly enlaced in ague 
and other diseases. 

The thyroid gland con* 
sbts of two lo^s, united 
by a band and lying in 
front of the lamyx, or 
throat. It weighs nor- 
mally 1 \ ounces, but, 
67. DIAGRAM SHOWING like the spleen, may l»e 
THE FIVE COURSES greatly enlarged in dis* 
OF THit PTRCTTUATioN casc. 1 1 contaiiis a 


OF THE CIRCULATION 
(1) Round the heart. (2) to gnnimy material, 
the lungs. ( 8 ) in the diges* the purport of 
tlveorgans.(4)lnthebraln. 

and (5) over the body. Dark wnicn is not 
shading, venous bl(K>d. readily ascer- 
J.ight arterial tained. When it 


which is not 
readily ascer- 


Light arterial tained. When it 

is diseased, the a 1 ^ 

mental faculties seem affected. ''Die 
Derbyshire neck or goitre is an enlarge- \ — cf 

ment of this gland. / 

The thymuM gland is an inch long. v n ! 
lying lower down at birth on each side \ 

of the windpipe, but disappt^aring very u/p'y 

early in life. It may form red corpuscle ■». iv y 
like the spleen. / f 

The suprarenal capsules are two small (' / ''A 
bodies like cocked hats, one on the top of 
each kidney, and seem to serve a re- 
markable purpose. The extract obtained ^ 
from them has a marvellous power of 53 ^. 1 ^ 11 ; 
contracting capillaries and stopping the lymchatk' 
flow of blood, and is now extensively used vessels in 
in arresting hapmoirhage. Its power is 
w'onderful, and w'e have nothing so 
efficacious in drugs. When the«e supra- diaildlT***^ 
renal capsules are diseased the whole skin 
gets the colour of bronze. There is no doubt part 
tliat they exercise a powerful influence over the 
economy of the body, and further discoveries froi 
m^ teU us exactly what thb is. bloo 

Xhe Lymphatic System. We now M 
turn to a brief description of the lymphatic the 
system, a small portion of which only has been movi 

touched upon in describing the digestion of fat. lyiRf 

It will be remembered that at the outset hoar 

we pointed out that, as beneath our streets arc mus< 

three sets of pipes conveying gas, water, cmd and 

sewerage, so throughout the body are three valvi 

descriptions of vessek coloured by the fluid they s i b I 

contain red, blue, and white. The red and blue whel 

we have considered — they convey the arterial the ^ 
and the venous blood. The white or colourless cles 
are the lymphatics, which form a system almost or 
as large as the true vascular system, of which mua 
they are an appendage, and with which they are testi 
everywhere connecteici We must understand, cont 
then, that within the whole of the tissues of the prof 
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body surrounding all the c^pillaritvi, and existing 
w'herever there are no bhxd-vesst^H, is a vast 
netw'ork of tubes containing the liquid drainage 
of the body, which flown throudi thow' vessels, 
always towards the heart. The lymoh capil- 
laries collect into large lymphatics, and eventu- 
ally enter two trunks, the right thoracic duct, 
which is small, and tlie left thoracic duct, which 
is very much larger, and which carries all the 
fat from the food ; these enter the veins on 
each side of the root of the neck. Just as all 
the Ixxiy cells and tissues art* btung continually 
irrigatea by capillaries, whose thin walls allow 
the fluid to tK)ze through, so they are consttuitly 
being draintxl of tht* surplus fluid by the 
lymphatics [58]. 

Besides this general use. the lymphatics have 
at least two other sp<*cial functions. 

1 . They act in the intestines by the agency 
(»f the lacteals os absorl>enis of “ fat " food and 
in the formation of chyle. 

2. In some tissues they form the sole 
y. a source of nourishment, as in the cornea 
I of the eye, and in many eonni'ctive tissues, 

)/ which have no blood circulation. 

^ The whole sysU'in may Ik* reganU’d as a 

neet'Hsary appendage to the vascular 
^ system, although wc have treattKl part of 
. it under the head of absorption in order 

^ ^ a to eomj)let4* the history of food disgestion. 
A The lymphatics that commence as 

1 capillaries round the blotKl- vessels have 
J very thin and irregular walls, and ofU'u 
/ appear mere channels holI(>w’t*d out in the 
surrounding tissues. 

The lymph is the agent in conveying 


t h e oxygen 
and f o o d 
from f h e 
bhxKl capil- 
•fiK Ift-ries. whi(’h 
*Tir t h < y H u 1 
j jj^ round, to the 
iRM bcKly cells, as 
well as in 
conveying 
the major 
part of the excreta, 
rO.^, urea, eU-.. 
from these into 
blood. 

Movement of 
the Lymph. The 

movement of the 
lymph towards the 
heart is flrst due D* 
muscular prt^ssure 
and very numerous 
valves. The collap* 
s i b i e lymphatics, 
whether amongst 
the voluntary mus- 
cles of the neck 
or the unstriped 
muscles of the in- 
testine, have their 
contents therefore 
propelled in one 



69, thoracic duct 

(a) Ribs;, (6) receptsi'ulum ehyll. 
(r) left iugnUr vsin ; (d) trunk 
of ihctncAc duct ; («) left tub* 
eUvisn vein; if) Junction of 
these two veins, snowing en- 
trance of thoracic duet; Uf) 
superior vena cava ; (A) lym- 
phatic gUukds 
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diraetkui. Aaeoond for<se intbe direet act of the 
tmuelm aummnding each lacteal m the villi, by 
which, when full, their contents are ejected into 
^9^ vessels beneath, valves again preventing their 
fetnm. A third force is the inspiratoiy move' 
ment of the chest (as in the veins) whwh both 
aqoeeaes fluid into the lymphatics and sucks 
the fluid of the large ducts into the blood- 
stream. 

The lymphatics of the body, with the exception 
of some on the right side, but including all the 
lacteals, discharge their contents — after passing 
through numerous lymphatic glands en route— 
into a large reservoir about 2 in. long, callt^d 
the recejjicwtdvm chyli [ 59 ] lying in the abdomen 
at the lower part of the spine on the left side. 
From here a stout tulje, as thick as a goose- 
ouill and almut Ji8 in. length, called the leff 
thfratir durt, leads right 
up the left side, and 
empties its contents at 
the juncture of the neck 
and arm (jugular and 
subclavian veins), thence 
to be carried to the right 
side of the heart. 

The Police of the 
Body. Nearly all the 
lymph liefore entering 
the blood has to f)ass 
through one or more 


lymphatic glands. These 
are found in great 


SECTION OF 


(a) . 


1 great num- 
bers in the trunk of 
the body, in the neck, 
armpit, and groin, but 
not further down the 
limbs than the ellK)w or 
knee. These glands are 
somewhat the shap<* of 
small beans, lying right 
atToHs the path of the lymphatics, with the 
convex side outwards or downwards, along 
W'hich the lymphatics enter, while the lymph 
leaves it at the hilum, or depression, on the 
other side bv one or two larger vessels [60]. 

The lymphatic glands exercise most important 
functions in tl»e et^onomy. They may be said 
to represent the police of the body, and every 
suspicious substance that enters tlie body tinds 
its way to them sooner or later, and is there 
detained. 

They stop, as far as Uiey ore able, the circula- 
tion of all poisons in the system ; but for them a 
iMiisoned finger would infallibly infect the whole 
iKKiy. Yet. thanks to a small gland at the bend 
of the elbow, or, if this fail, the extensive chain 
of glands in the armpit, the poison is arrested 
and destroyed. We are constantly ixiisoning 



tnuraelves in mull ways, and many ol thepoiaoiui 
would apread and become fatal were it not for the 
action of ibeae glands. Sometimes the bead or 
throat, or ear or mouth is poisoned, and then it 
is that the poison is arrested and stopped and 
the life is saved the lymphatic gland in the 
neck or throat ; the glands swell and get painful, 
and we feel the lumps, which tell us the glands 
have done their work well. They are arranged all 
over the body at what may be called strategic 
points,, and their value cannot be exaggerated. 

In cancer of the breast, for instance, in the 
early stages when the poison is slight, it is stopped 
from entering the blood-stream by the glands 
in the armpit, which receive and destroy the 
fioison, becoming enlarged and inflamed in the 
process. Should, however, the poison be allowed 
to progress undetected, there comes a time 
when its volume be- 
comes too great, and it 
gets past them into the 
blood, and is there 
carried all over the body, 
and other centres of 
cancer are formed. 

These lymphatic 
glands are filled with 
white corpuscles, similar 
to those in the blood, 
and it is these that de- 
stroy the poisons by 
breaking them up and 
reducing them to their 
elements. 

All the drainage 
of the body, therefore, 
before it is poured into 
the blood, is carefullv 


LYMPHATIC GLAND 
(/*) sfferont lyniptuitlr* ; (r) lymphoid tlwue ; 


(rf) corUrai iuliatancf ; (r) lyiiiph.j>atl» .if) flbroui cap’ purified. 

.ulf Ui >ltvl.ton.^lnUj ( ,) th. .ub.t.nr, the 

this question of the 
circulation, we will give seven points that 
prove the truth of it— for this has often been 
doubted. 

1. In half an hour the heart ejects more than 
the w hole blood in the body. 

2. Blood spurts from a cut artery. 

3. The arteries are empty and the veins full 
after death. 

4. If a limb be tied tightly with string, it 
lxH*omc^ pale, because the arteries are com- 
pr^stNi and blood cannot flow in ; if tied slackly, 
it is swollen, because though blood can flow in, 
it cannot flow out. 

5. The presence of valves in the veins. 

6. Poison and aniline dyes . are found to 
circulate. 

7. The circulation can actually be seen during 
life in the w^b of a frog's foot. 


C\inttnued 
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Group 1 

FORAGE AND OTHER FARM CROPS AGRICULTURE 


Lncenie, Sainfoia, Vetdiet, a<nrera, Cabbage, Riqie, Maise, 
Hopa, Flax, and Hemp. Caltiration of Farm Cropa 


Omtliiuad fnwi 
p«|v tub 


By ProfoMor JAMES LONG 


FORAGE CROPS 

Lucerne. M. I^aliva (Nat. ord.. Legu- 
minoset; genus, Medici^), known as alfalfa 
in America, is a perennial, the roota of which 
have been traced to a depth of from 20 to 30 ft., 
for which reason on suitable soils it ignores 
drought [p. 881]. Lucerne is one of the very 
best forage crops ; it produces superb hay, and 
may be cut four times annually after the first 
year, and until it has been overcome by weeds, 
which in course of seven years or so usually 
destroy the plant. Lucerne demands a dry. 
deep soil containing lime, and a mild climate ; 
hence it is not grown in the North of England. 

It is a handsome plant, with a purplish-blue 
flower. It is sown with a com crop in spring. 

15 to 20 lb. of seed 
being drilled per acre. 

If broadcasted, mon^ i \ 

8€)ed is required, but the ^ ^ 1 

plant is not so satisfac. « , y 

tory. The weight of the g ^ ^ ^ 

seeii is 64 lb, to the ^ i ^ ™ 

bushel. A useful crop will ^ I' 

cut from 15 to 30 tons i 

of green fodder, while as ^ ir 

much as 5 tons of hay . ^ i 

have been taken from an - * 

acre. Lucerne is occa- ^ ^ ) 

sionally mixed with « 1 j ' 

grasses sown for a three ^ t'i 

or four years’ ley, or per- ^ ^ 

manent pasture. / r 

Sainfoin. 0. saliva 

{Ondbrychis) is a hand- ,1 ' -C 

some perennial, with a $ 

showy pink flower and a k , > 

leaf with many leaflets 

[p. 881]. It is chiefly sainfo 

sown in the south on 

substantial chalky soils and other soils con- 
taining lime. Its roots penetrate to a great 
depth ; it resists drought, and may last a few 
years. Sainfoin is a splendid green fodder, 
and is much employed for sheepfolding. The 
hay is equally approved by farmers, and is 
most valuable for horses and cattle. Sainfoin is 
usually drilled, the seed employed being either 
in the husk or removed from it by a process of 
milling. The seed required per acre is 50 lb. 
when milled, or 4 to 5 baimelB in the husk. 

Milled seed weighs 62 lb. per bushel, seed in the 
husk about 25 lb. 

VetchMt or T areo. The vetch ( Ftoa saliva ) 
is an annual grown in all parts of the country 
on most soils [p. 881]. It is sown at the rate 
of from 3 to 4 buriiels per acre, the seed weighing 
64 lb. to the bushel, eitW alone or with a cereal. 
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preferably rye or oats. The mixture improves 
the feed, and the cereal plant keeps the vetch 
off the ground. Vetches are cut green for sttx^k 
—especially horses — fed off by shoc*p folded upon 
them, employed for ensilagt*, and occasionally 
made into hay. There are two sub-varieti(W. 
the winter and the spring vetch, the former pro 
ducing a very early cut of gre«*n food, while 
the latter provides forage during autumn, when 
it is often much needed. A greim crop may 
weigh 10 to 14 tons per acre, while a dried crop 
may reach 3(i to 40 cwt. The seetls number 
about 8,000 to the lb. Tlio vetch is hardy, 
it res|K)nds to manure, and overcomes many 
weeds by its propensity to smother them. 
Crimson Clover. Crimson clover (Tri- 
folium inrarnaium) is an 
annual, largely grown 
by the southern farmer 
^ shw'p fmling, and 

^ ' V'// sometimes for hay (p. 

A 041 1. It suits most soils, 

^ ^ .f, upon w'hich it is sown 

♦ ‘ aftt^r the romoval of a 
* 4 * < crop, the surfaci^ 

being well harrowed, and 
» • 4 ^ y the scH»d broadoastetiand 

^ covered with harrows 

and rolUni. Ploughing 
^ for this crop is not ad- 

^ ,4' / visable. Trifolium, ol 

. ^ W ^ A -iT which there is a while 
% variety (T. alhum), is 

^ r rtwlly a catch crop, 

• coming lietwcTn a tM?r(?ai 

J ' and rfx)ts. or anjr other 

^ suitable crop which can 

' la* sown after its n*- 

\ SEED moval. It provides one 

of the earliest gre(?n 
fodders. The staal is sown at the rate of 12 to 
20 lb. per atrre, and w'eighs almut 66 lb. f)er 
bushel, a green crop reaching 10 to 12 tons 
per acre. 

Cabbage. Bras^im olerarta (Nat. ord., 
Crueijercp). There are different forms as there 
sfv several varieties of the cabbage tribe, in- 
cluding, as examples, the round-ne^ided, big- 
hearted drumheaos, the savoys, the loosely 
headed kale, or thousand -beads, and the 
flowering-hearted cauliflower. Although with 
good cultivation the cabbage will thrive on 
comparatively light soils, it prefers strong land,| 
rich in nitrogen and phosp^tes. It responds 
best to dung and nitrate of soda, sometimes 
with an addition of salt. Field cahliage, which 
is a hardy biennial, like all members oi 
the family, bears a yell(»w flower. Although 

IW 
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a aeoafid etm alter fto loliaM fiaa oooe been 
ooiiMUiied. The apace required per plant ie from 
3 to9 aq. ft., aooording to the variety and ita ause. 
The aead required to produoe the planta for an 
acre b 1 to 1| lb., or 3 lb. per acre when drilled. 
There are ab^t 125,000 aeeda to the lb., the 
weight of a buahel varying from 50 to 56 lb. 
A drop of drumheada ahould reach 25 to 35 
torn to the acre. 

Itnpa {BroMtca campetiri$\ like kohl-rabi 
and the cabbage, belonga to the 
natural order Cmnftrof^ and i» 
deaeended fnjm the aame atock. 

Rape i« aeldom ho\kti in apring ; 
it IS chiefly a aummor-»own cron 
intended for feeding ahoep which 
are folded upon it, for ploughing* in 
aa a areen manure, or for amother* 
ing the weed crop. 1 1 i» aometimce 
aaaooiated with muHtard, the mmhI 
being mixed, and the two plantn 
grown together with the aame 
objeota. Ihe giant variety ia moHt 
suitable for rich or well-manured 
.soils. nit)ducing a gri'at weight per 
acre, from 15 to 20 tons. The sihhI 
of the smaller variety is usually 
sown on chalks and the lighten 
soils; the <juantity ImjadeasUnl is 
J2 lb. per its weight bt^ing 

from 50 to 54 lb. per bushel, the numl)er of 
seeds in a lb. reaching nt'arly 120,(KX), while the 
yield of seed |wr acn3 should reat^h 30 bushels, 
^pe is oftt;n employed as a catch crop, 
whether for ploughing- in or ftMxling sheep, 
especially aft<*r the removal of an early crop of 
potatoes, being <’leared off the land befon^ the 
Huceeoding grwn crop is sown. Although rajK) 
will transplant, the practice is not common, 
llie seed of rajx*. after pn*ssingout the oil (colxa), 
provides the n»siduo from which rape-cake is 
manufacturiHi. 

Mustard. Tliert^ are two sjxx^ies of this 
plant — Stnapig alba and nigra. Ilie former 
(white mustard) is that grown for forage, some- 
times alone. ofUm in combination with rape. 
It is, how'cver, freouently employed as green 
manure, the crop oeing plough^ in. white 
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invted fpote* ^ ^ ^ 

ott dw tiSiaM mSi. It to iiniii at th, i:^ 

14 Ib. MK 4be iMd arcif^iiiig S> to 
pm iTBibil. a pcMnMi oontainmg over 7(l,u0o 
Mda da ntebmpowntelhep 
ainetud for m tabte. 

MalM, (Zm Urns.) An annual cereal 

fflaat Mnployed in many countnea as 
forage, and, eepedaUy in America, for oonvetaioii 
into enaiU^ tot the winter feeding of cows. 
Maize g r ows luxuriantly in the warmer parts of 
England, while excellent cre^ have been foomn 
asmr nmrth aa Cheahire and lincolnshiie. It is a 
■ robust, tall iflant, its height depending enrirely 
upon the rionneaa of the soil ana the variety and 
quantity of seed uaed. It revels in hot wither, 
and during a warm, moist autumn evening it may 
be heard to grow — we refer to the popping of the 
immature leaves through the 
joints of the stem. Maize pre- 
fers medium deep soils, richly 
manured, especially with dung and 
phosphates. When broadcasted 
with 3 bushels of seed per acre, 
the plant grow's thickly to a height 
of 3 to 4 ft. ; w'hen drilled or sown 
by hand in alternate furrow's after 
the plough, bushels being used, 
the plants are much stouter, and 
will grow to a height of from 7 to 
9 ft. The seed weighs about 
60 lb. to the bushel, and will 
produce from 15 to 40 tons of 
fodder jx^r acre. The lowest tem- 
peratur<3 of germination has l>een 
noted at 4tr F. The table below 
illustrates the value of green maizc^ 
as a stock food. 

Among other feeding crops which are grown 
u}K)n a small scale, but which are not regarded 
as farm cn™ are chicory, prickly comfrey — 
which is difncult to eradicate for a succeeding 
crop, and which, if abundant, is a poor forage — 
ana the Jerusalem artichoke. 

It may be pointed out with regard to all the 
plants which have been mentioned that while 
there is necessarily a limit to the weight of 
fodder which can Iw produced, the average 
crop grow'n in this and other countries is much 
smaller than is possible. Large increases are 
obtainable by high cultivation, and especially is 
this the case with lucerne, cabbage, rape, vetches, 
and maize. Given suitable soil and first-rate 
preparation, good seed and adequate manuring 
will l>e foUow'ed in four years out of five by very 
large additions to the crop 
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Yield 



Digestible 


per acre 

Dry 

Dry 

dry 


freah 

matter. 

matter 

matter 


materiaL 


Iter acre. 

per acre. 

Lttoerns 

lb. 

per cent. 

Ib. 

lb. 

35.000 

25 

8.750 

5.102 

llaiie, whole plant 

R«d clover, aboat 3| tons new hay 

30.000 

26 

7.600 

5.025 

1 la.ooo 

SO 

5,400 

3.070 

Oata and peas 

ao.ooo 

10*2 

3.240 

2.100 

Mantels 

Potato i 

00.000 

1 1S,000 

10 

25 

0,000 

4.500 

5.200 

3,825 


1198 




CnrHBR WAMM CaOFS 

TIm Hop. hxfp (Nat Uftieaeem ; 
Mni» Hwnmlm) la ^^cMoad fttaca one spot^ 
It. lupylvs. Jt la a pmmilal, dlaNaoiis 
piaat— tl»e nale and female floweni grow 
upon differait plants benoe Hie importonoe of 
enaitniig the pUntatioii of a mffident number 
of male ^anta. The hop prefers a ridb« d&ep 
loam« weU famished with fime. The soil should 
be clean, thoroaghly cultivated, both before and 
during the yean of production, and heavily 
manured, not only with manure readily avail- 
able, but with fertilisen, which gradually liberate 
plant food. The slow-acting manures employed 
mclude shoddy, rape dust, and homy matter. 
The hop is produced from cuttings which are 
planted on hills at equal distances apart. The 
cuttings — which are grown in different varieties 
— the cost of preparation, planting, poles, and 
string, along which the hop-bine twines, 
together with the picking and drying in the kiln, 
make this plant an expensive one to produce. 
As hop-growing is a somewhat risky industry, 
it is not surprising that it is costly in the 
market, and that growers are alternately ele- 
vated and depressed. An average crop is from 
b to 7 cwt.. but the yield may l>e much more or 
much less. Hops are sold in ‘‘ |K)ckets,” or 
sacks, of a given size, which contain I J cwt. 

Flax. This plant (Nat. ord., Line<r ; genus, 
Linnm) is groun in one spK*ci<*s, L. u nitutUH%muin 
Ip. 881]. Flax prefers a rich soil with a fine 
d(*ep tilth, and is not grown with success on 
clays or thin chalks and gravels. It is grown 
either for the seed or th(‘ filire. The seed is 
chiefly produced for the oil, which forms more 
than one-third of its weight, the n*si<lue, after 
oil extraction, being pn^ssed into cakes, w hich are 
used for cattle, and which contain Id p<T cent, 
of oil. The straw, which is pulled Indore the 
plant seeds, is prepared, when fibre is nMjuind, 
by steeping. When grown for the seed or 
grain, Ij to 2 bushels of seed are drilled 
per acre ; w hen grown for the straw, 2J bushels 
are drilled, the bushel weighing 52 to 50 Ih., 

1 lb, containing about 100,(KK) sc^s. A ripemd 
crop of linseed produces about 2 to 2J quarters 
per acre, and from 35 to 40 cw t. of straw’ while the 
fibre produc<d varies from 5 to H cwt. per acre. 

Hemp. The hemp grown in this country is 
of one species. Cannabis saliva, a dioecious plant ; 
it thrives best on a rich, mellow soil of deep 
tilth, finely cultivated [p. 881 ]. The quantity of 
seed drillikl is one bushel to the acre, a bushel 
weighing about 40 lb. It should contain about 
30 per cent, of oil. Tlie crop rea<’he8 some 

2 quarters of 8 bushels, with 40 cwt. of straw' ; the 
weight of fibre varies from 6 to 8 cwt. per acre. 

CULTIVATION OF FARM CROPS 

It is the custom among farmers to grow the 
various crops on the arable land upon a system 
of rotation. It will be well to explain not only 
what that system is, but the principles upon 
which it is based. It is a commonly accepted 
maxim that it is bad farming to grow two white 
straw crops — by which we mean cereals — in 
succession on the same land. Highly skilled 


tenism, bcvwuTur* am able to grofr Uieae eropa 
irttfu year to year in abedute aueceeaioii with 
most eKoeOent reaults by maiwtwi ni« w the 
deanliiieaa and ferUlity of the aoil. The rota* 
tioii system, however, is to be preferred. It 
enables the fanner to prodnoe greater variety 
of plants or crops, to maintain stock, such as 
cattle and sheep, and thus to produce abundance 
of farmyard manure, which is practically im- 
pomible where Hie land is employed, however 
skilfully, for the production of grain crops 
alone. The rotation system not only preserves, 
but promotes fertility. If a cereal crop is taken 
from year to year, it becomes neoessa^ to pro- 
vide manures containing nitrogen with great 
liberality, but although pho^hatic manure 
is essential for some time, mineral fertilisers 
collect in the soil to a greater extent than they 
can he utilised for want of some other crop 
w'hich would draw upon them. 

Fertiliaera for Corenla. Nitrogen is 
the dominant fertiliser of the cereals, phos- 
phoric a<*id of turnips, and lioth phospnoric 
acid and potash of the pulses, clover, juid other 
leguminous rrtips. If, therefore, we alternate 
these crops upon a recognised system, we enable 
one to feed upon the rt^sidue of fertility left in 
the soil by another, and in its turn h) provide 
something for the crtip which succt^eds it. When 
a grain crop hucchhhIh clover or InMins, it is 
enaoUd to draw upon the store of nitrogen 
W’hich those" plants have eitraethd from the 
atmosphere and left in their roots. When 
the soil has ht'en exhausUd of available 
phosphoric acid and fKitash, it is once mow* 
supplied with these mal/crials through the 
medium of such fallow crops as the turnip or the 
jKilato, Inith of which it is usual to manure 
with lilsTality, and, under goid farming, with* 
dung as well os artificial fertihsiTK. 

In a rotation a grain crop usually sucew'ds 
lK>tb the mangel and the potato, and is thus 
provided with what it recpiires, although in 
many caws it may still h<» advisable, where 
farming on the inUmsc prineiple is followtd, to 
give dressing c>f Inith phosphatie and nitrogenous 
manures. This is the more necessary for the 
reason that, under the four-eoursi* sysh'm of 
rotation, clover, or a mixture of one or more 
varieties of clover and rye grass, or of mixfd 
grasses, is sown in spring with the growing 
cereal, to Inn’orne in its turn a crop for feeding 
or mow'in^ in the following year. 7'he dcMnand 
for food IS therefore considerahle, hence the 
importance of adequate preparation. 

Value of Rotations. Tliere are, how- 
ever, other reasons why a system of rotation is 
advisable. By no other metlud is it possible 
to maintain the land in a clean condition — in a 
word, to destroy weeds. This cleaning is effected 
where plants, such as the mangel, the swede, the 
potato, the cabbage, kohl-rabi, or beans, are 
growTi in rows sufficicmtly wide apart that the 
horse-hoe may be cmiploycd between them and 
the hand-hoe in the rows of plants themselves. 
Crops like the turnip or the cabbage, being 
frequently eaten off by sheep, indirectly improve 
the lighter soils, for the manure which is dropped 
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addf while the ccjunpactoeM which 

follow* the herding of the flock ensuree a more 
perfect need-bed. Again* the rotation system 
enables the farmer to keep within limits the 
ravages of insect and fungoid parasites* which 
are the cause of so much destruction. The 
crop being changed* the enemy* whose attacks 
are confined to a particular variety* practically 
finds its occupation gone ; whereas if a crop 
which has b^n seriously attacked — as the 
turnip with the fly or with the fungoid disease 
known as anbury — were grown again upon the 
same field within one or two years* the probability 
is that the damage would 1^ more serious. 

Prevention of Weed*. This que.Htion* 
however* like that referring to insect and other 
pjMts* will be dealt with in succeeding chanters. 
The liettor the cultivation* and the more litieral 
the manure* the fewer the weeds and the heavier 
the crops. Indeed* with heav^ cropping* weeds 
hate but little chance of arriving at maturity* 
while the material available for the production 
of dung becomes greater and greater in quantity. 
It is of prime importance* however* to prevent 
the se€»d of weeds* or even of cultivated plants, 
finding its way into the manure of stock* as* for 
example* the seeds of hay* which are so com- 
monly found in the manure of the stable and the 
cow-house. Grass seeds conveyed to the soil 
with dung intended for fettling any other than 
a grass crop simply produces abundance of 
weeds* for grass is a weed in any but a grass 
field. For a similar reason, home-produced 
grass seed, as the sweepings of a loft, should 
not be employed on the farm owing to the 
fact that it contains weed seeds* which are only 
removable by the machinery of the seedsman. 

'JTie following diagram will suggest two 
methods of rotation: 
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Seeds 


com crop may 
be followed by 
clover, or a mix- 
ture of clover and 
grasses, the seeds 
having been sown 
with the oat or barley crop* to be followed 
again by wheat, for which they have prepared 
the way. 

Miliere it is inconvenient to take wheat — which 
is an autumn-sown crop* although under bad 
conditions sowing is sometimes delayed until 
nearly Christmas — oats may be taken, and where 
the necessary ploughing becomes impossible 
owing to bad weather* wheat sowing is aban- 
donea, an oat crop is usually t&en after 
ploughing the land later on. 


Systems of Ploughliig. The system 
of ploughing adopted by a farmer depends 
chicly upmi the soil* but largely upcm custom. 
Deep ploughing should never be resorted to 
where the subtil is brought to the surface. 
It is important* however* to plough as deeply 
.as possible without harm in this direction for 
all fallow crops. Deep ploughing* too* makes 
the soil more porous, and paves the way for 
shallow ploughing in the case of most succoring 
crops, which are in consequence more quickly 
started in life. 

'Fhe dung produced upon the farm is usually 
employed for the wheat, mangel, and potato 
crops, but on many occasions land is also 
dunged for swedes, cabbage, rabi, and maize. 
The fertility of dung is not all utilised by the 
crop for which it is provided, a portion re- 
maining for the beneflt of succeeding crops. 

In the rotation designed for the lighter soils, 
seeds are sown with the barley crop, which suc- 
ceeds swedes which have bwn eaten off by 
sheep. Tlie feeding of sheep on the land 
enriches the top three or four inches of soil, 
through which the roots of barley ramify in 
search of food. Assuming that the swedes 
have been grown by the aid of superphosphate, 
and that the sheep have also received cake, 
com* and hay, it follows that the manure w'hich 
they drop, both liquid and solid, not only con- 
tains a large proportion of the phosphates 
which were distributed on the soil for the benefit 
of the swedes, and which they have consequently 
taken up* but the fertilising constituents of the 
artificial food. 

It is not surprising* therefore, that even poor, 
thin soils* such as those resting on gravel and 
chalk* are enabled to produce heavy crops of 
grain and straw'* and to retain a sufficient 
residue of fertility for the benefit of the clover 
or mixed seeds w^ich are cut in the succeeding 
year. In many large sheep -breeding districts 
these seeds* W'hich may embrace sainfoin* 
sown alone* are* like the swedes* consumed by 
sheep receiving cake and com, and thus the 
land is once more doubly enriched for the 
benefit of a succeeding oat crop* which many 
advanced farmers would assist with a dressing 
of such an artificial manure as sulphate of 
ammonia. This manure* on light soils* is 
preferred to nitrate of soda, owing to the fact 
that it is much less soluble, and, consequently, 
not so likely to be lost in the drainage water. 

Four -course Rotation the Beet. 
There are other rotations employed by farmer 
in various parts of Great Britain, but the four- 
oourse* or Norfolk rotation, to which we have 
specially referred, is the best foundation which 
can be laid. The greater, however, the grasp 
of principles, the letter able is the farmer to 
form a rotation for himself, should he desire to 
make any change. Such a man will be able to 
take “ catch ” crops, to which we shall presently 
refer* and to supplant one crop for another, or 
even to allow his clover mixture or seeds to 
remain a seoemd or even a third year before 
ploughing up for a succeeding grain crop. 
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bill we muMt attach Home importance to the ftU‘i 
that the Hfory did at the time obtain general 
iM’ceptanro, and that the eventn it told coincided 
with the <»|)och when, for whatever reoHoti, the 
})owi»r of the I)e<*emviraU; was brought to a 
Hudd«*n end. Tlic* rcHiilt waa that Rome returned 
to the HVHbmi of ('onxulK and Tribune-a, elected 
according to the f(*mier arrangements. 

New Lawn. I^wh were pasHcd to enaure 
the inviolability of the PlelK‘ian a« well as of the 
Patrician magiHtraU*s. to prohibit the creation 
c»f any nmgiHtrab* from whimi there could lie no 
right of ap|S‘ab and to give an equal share in the 
making of lawn to Plelsdans and Patricians 
alike. Not many years }iasHed Is'fore the 
development of refonn mode itself manifest in 
a new and striking manner. A law was made 
which allowed of marriage lictween Patricians 
and Plebeians, and thus . truck at the very heart 
«)f th(‘ \ihf)le legalisi'd Patrician system by sane- 
tinning, and therefon* encouraging, thosi' inter- 
marriages lK‘tuei*n tin* orders, and the bringing 
into the world of familii's deseendefl both from 
the PIclsMan and tin* I*atrician class. 

.\n imjiortant struggle bsik placi* as to tin 
(onditions of the consular office. Xo PUdsnan 
could, up to this tune, Is* elwtad a Consul, and 
for many years tluTc hod Ikm’II a fxipular agita- 
tion for the H’lnoval of the restriction. A 
dehniti* proposal to this effect was made by one 
ot the most jKipular among the Tribunes, and it 
Mils op|H)>«Hl for a whili* Mith vehemtmc'e by tlu* 
Patricians The* conti^st was destined to end ns 
most of the struggles Is'tween the oligarehii* and 
the popular order had hitherto cnthKl. A com- 
promisf* Mas suggcstiKl on the Patrician side, and 
many of the Patricians MclcomKl the .suggestion 
in the iibscnee <tf any Is'tter May for getting out 
of the difficulty. 

A Compromise, 'the Hugg(*stt*d eom]»romise 
Mas that, instead of elcn tiug i\)nsuls. the piiblu 
should elect military 'rribum^. Mho Mt*re at the 
same time to lie endoM(*<l M ith the oivie authority 
of t'onsul" The reason given for thi> some 
Mhat curious proposal Miisthat Home, Is'ing then 
engugKl m n sueei’ssion of frontier M’nrs, mnnhsi 
more than tMO generals to command her forces. 
Kven M'hen this so-called coniproinisi* had lKH*n 
aceeptiHl and made legal, in 4IM B.c.. the Ple- 
U'iaus eontimuHl to gain in strength, and they 
M(*n* abh* to carry the elivtion of these military' 
Tribunes in the majority of iiistonees. It is well 
to notiei* the fm't that during all thv^*se various 
elections many of the same influenees prevaiksl 
on both sidt*s M’hieh M*en» eomroon to eU^ctions 
in much mon' modem times, and that brilierv, 
intimidation, liU'ral promises, serious threats, and 
the lit'cret purehaiH* of votes during canvassing 
Mcm freely exercised in order to obtain for the 
mort' powerful agitators, the majority of vou^ 
for their chosen candidates. 

’’flie Plelicians M'ere becoming more expert in 
organisation, and at last became so successful 
that when the Consulships were restored, the 
Plebeians suc*ceeded again and again in electing 
one of their own wder to Consulship. The time 
soon come when oU magisterial offices were 
thrown open to Plelieions and Patricians alike. 
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llic? Patricians thus continued to lose privilege 
after privilege, and the Plebeians were b^inning 
to be even richer as a class than those who had 
U*en their former rulers and masters. 

In surveying this prolonged struggle, it will 
lie seen that we cannot possibly regara the Patri- 
cians as a class animated merely by selffsh 
motives and a desire to oppreas their humbler 
felloM'-eitizens ; nor can we look upon the Ple- 
beians as entirely animated by an unselfish and 
patriotic love of lilierty and equality. The whole 
struggle was in its nature and character very 
much the same as that which has i.one on among 
all p<‘oples rising into civilisation during the 
history of the world. 

A Prolonged Struggle. The landed class 
has liecn brought up to believe its omti order 
providentially endow'ed with the right to rule, 
and the lower classes have not unnaturally been 
inclined to regard themselves as the victims 
of selHsh tyranny. In the nature of things 
<he jKiorer classic groM*, Mitli the increasing 
opportunities M'hieh developing civilisation 
brings, inbi the capacity and opjiortunity 
for earning more money, for bt*c()ming traders 
and merchants in.stcad of r(*maining mere tillers 
of the soil ; they thus IxTomc the jicssessors 
of land for themselves, and are all the better 
able to hold their oMn against their social 
su|)eriors. 

This Mas, of course, a ncM' story in Rome, 
hut it has Ijeeome a very old story in our days. 
I'he Roman Patricians and Plebeians Men* just 
Mhat their early conditions made them, and 
either si*t of men put, in the l>eginning, in the 
place of the other Mould havi* aetcxl. in all 
human probability, much the same jmrt as that 
Mhieh Mas taken by the other. 

For a long time irfter the creation of the 
'rrihunes th(‘ same struggle Mcnt cn betMeen 
Patricians and Plelieians. The Plebei.'.ns were 
^trivmg unceasingly for civic equalit}' in politics 
and for a reform in the land tenure system, and 
the Patricians as obstinately fought against all 
Mieh levelling j^jects. Many times there 
ap|x*ared in the Patrician ranks some man of 
mon* advanced vicM’s and inon' generous instincts 
tlmn those of the majority of his felloMs, M'ho 
Mrove for agrarian reform and |>olitieal equality. 
One of these enlightened reformers. Spurius 
(’assius. M’ho had distinguished hiinsidf in his 
really patriotic efforts, mhs tried on some absurd 
charge of striving to make himself actual ruler of 
the State, mos found guilty of the charge by a 
court under Patrician inffuem*e. and Mas put to 
death. His death, as often happens in the case 
of a patriot condemned for having striven in the 
cause of public reform, only served to call into 
existence other men inspired by his example and 
M illing to risk much for the same cause. 

The Old Story* Some of the Plebeians who 
had made money were drawn to side with the 
Patricians, in the hope, no doubt, of thus rising 
in the world. These men often lent their sup- 
pcMft to prevent their own order from succeeding 
in the effort after equality and land reform. The 
Plebrians, however, continued to win *'all along 
the line.'" But in the meaniinke there were almost 



mvromr 


unceasing wais f>n, and tht'se wars tended 

inevitably to \Mthdra\\ public attention from the 
struggle f<»r donie?Nti<‘ ivfonn, and to niakt* 
siuvess in Imttle the great objwt and glory of 
the State. In all countries winch are only as yet 
developing their civilisation, and have not 
permanently settli'd their form of government, 
such wars niU'-t naturally lead to (he adoptum 
for the turn* of s nu* form of dictatorial power, 
and this ti'iulency w a-s already clearly manifesting 
its<‘lf in Rome. 

Frontier Wars, The history of Rome 
had lK»en nlmo-*t from the foundiinr of the 
city a history of continuous wars. Tin* 
whole of Italy was dividixl into st'jiarate 
Stakes, some of whieli w<‘re j)«‘opled largely by 
inviuling foreigneiN. and throughout thi* entire 
country there was no feiding of common nation- 
ality. When the* Romans began found a 
State tlieir own they had to aeeomplish 
their work to a great e.xtenl )»y intruding on 
the Stati‘ of their neighbours ; and when Rome 
had lH*comc thoroughly cstahlislunl and recog- 
nised a.s a Pow<*r, it stinsl out fhstinctly as an 
indivKiual State in Italy ; as France or (icmiuny 
now doe> in KiirojK*. I’licrc were frontier wars 
almost inet‘SHantly going on. begun by neigh 
l>oiirs who desiretl to rn'ciijiy some of the territory 
of Rome, or by Rome desiring to liave and to hold 
some neighlwniring land 1'he iktkkI following 
the rise of the PlelHMaiis to jiolitieal and ei\ie 
emani'ipation and eijiiality was mtule memorahh* 
by some of the greatest wars recordinl in tin* 
history of Ronu' It wa-^ lH‘ginnmg to obtain 
a complete supremacy in Soiilhern Italy, w hen- 
many (Jrei'k populations had long iK'iMUiie 
established. This petition, howt-viT, was not 
obtained until a most momentous and seven- 
struggle had lK*en hnuiglit to an end. 

Pyrrhus, the Famous King of Epirus. 
One of th(* most famous sovereigns of tho.se 
times — indeed, one of the famous sovereigns of 
the world— was Pyrrhus, King of Kpinis, thc-n. 
for the most part, an Asiatic realm. l*yrrhus had 
ext^'iidf^l his dominions by his corupiests in 
W(*st<‘m .Macedonia, and in the year In-ffin- 
the Christian Era. the Tarentines— a (ins-mii 
colony in Southern Italy — implored his help 
against Roman invasion. Pyrrhus agr(*ed to 
undertake the work of defere-e. and h«- sailed 
with a considerable army and a large nnmlM-r 
of t-lephants for tlu' Italian shores. His first 
liatlle was long and fierce, and he lost in it a 
large numlK*r of his fighting men ; hut he won 
an unqiK*stionahle victory, mainly laa-ause of tin- 
presi-nee of ekqihant ailies — creatures such as 
the Homan.s had never seen liefon^ and against 
which they did not well know' how' to contend. 

Pyrrhus to have well understocKl lh<* 

nature of his \ietor\% for tradition repc^rts him 
to have said that after one other such victory 
he must have to return to Epirua alone. Some 
of the Italian Stak'i*. who were growing jc^alousof 
the spreading power of Rome, became allies of 
Pyrrhus, and cmeouraged him in his northward 
march. He pressed on to within 20 miles of 
Rome, hut there he found that the Roman 
preparations for defence were too sttong for an 


attack with his ix-muining army He fell Imck 
siMithward. and a winter in Taivnlum, 

when* he made hi.*' pn*|>a rat ions for nmewing 
the eam^Mugn. 

Another Victory. He once more measunHl 
lus strength with (he RonianN. and once again 
lH*eaine \ictorious in tlic battle; hut he was 
victorious at so heavy a <-ost that he found 
it lUH-essnrv to withdraw for an(*the»* interval 
t«» Tarentiiiii and do lus lK*st lo n'Ht<ire 
the strength of lus force. A truce was agrinnl 
u|Hm lK‘tw»H'u Pyrrhus and (he Romans, and 
Pyrrhus ent<‘re<f upon a new war-likt* (‘nterjiris*-. 
He went into Sii-ily to help the Si(-ilian Hnrks 
against (lie ('artliaginians. wlio v>eri' now 
U‘eoming a forniidahK* invading p<»w<‘r <‘ndow(s| 
with a |Mi!<sion for eonnut-st. IVrrluis liad nuieli 
the same sort of fortune in Sicily as that wiiu’li 
ln‘hadexjM‘rienee(l in Italy. He began splendidly, 
hilt afti-r a wluU' reet'ivi'd a seven* repulse from 
tin* ( art haginiaiis a repulse w hieh sih‘Iiis (o l»a\ e 
marreil lus calculations and dulled lus Iio|K‘h. 

Till* Sicilian (hecks and he did not get on 
well togetlu-r, and after a while he withdrew 
his forces from Sicily, with tlic ohjei-t of again 
making war upon Rome A serious mishap 
<-iinie u|M)n him wluh- lie was crossing from Su-ily 
to Italy The ( 'arthagmiaiis attai-kisl him with 
their navy and <lesfr«»ye<l tlie gn-atei nuinU-r of 
hiM vessels. Pyrrhus was not a man to Is- 
diseouragisl even hv h**avy Iomsck, and lie wi-iit 
on with his attempt-' at tin- capture of Rome 
as if nothing had hap|M‘iied to dinuiush his 
military Jind naval strength .Again, the war gisl 
Mars, as vnuild then have Imm-ii Is'lieved. was 
Hgaiml I'yrrhus. He sustaintsl a heavy deh'al. 
at th<* hands of the Roman ('onsul, ('uruis 
Dentatiis. and this ended his etTorts to eonqiier 
Rome He had to leavi- Italy and return to his 
own kingdom, l\pinis, where lie arrived with hut 
a \<‘ry small fraction of the army w ith w Inch he 
had set out UjHin lus (*x|M‘dition. 

A Question of Supplies, d'heii a new 
tliftieiilty prem-nti-d itsi-lf Pvrihus was still 
the undisputi'fl sov (-reign of kpiriis, and still 
the eommaiuler of an army, l>ut a |M-rplexmg 
<)U(*stion soon came up to trouble iuni the 
(]U<-stion as to how he was to supply hi- 
army with haal and clot lung and weapons 
of war. His previous (*X|s*<lit ions had already 
exhaustefl lus resiairees, arul there was not 
at that time, and in thosi- regions, any loyal 
jMirliament to voU- lilM-ral supfjlies to the 
emharrasKcd ruler. No way of obtaining funtls 
could suggest itself to the mind of Pyrrhus, 
exc<*pt the iindertakuig of a new military enter- 
priHi* which might end in the eon<|iieat of a foreign 
kingdom and I hi* firms' -ssion of ample sjkiiIm. He 
therefon* underUsik the invasion of Miwerlonia, 

In this he w as sneeessful, and w as created King 
of Macedonia, 'Plus was a fxmition which lie had 
already held as a youth during one of the eon- 
questa of Macedonia by the amiiem of Epirus, 
hut his nominal rule over Mar-Klonia only lashxi 
for alxiut half a year. Now that he was again 
King of Macedonia he l<*d his armic*s against 
Sfmrta and Argm, His wetmd rule os sovereign 
of Macedonia was not destined to Ia«t much 
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longer than hia first, for the Bpartans defeated 
him in all his eflforts to conquer them. TVue to 
the whole policy of his life, he immediately 
attempted an invasion of Araos, and there a fate 
liefell him which we may Wieve would have 
lieen regarded by him aa the most undesirable 
and the most unlikely close to his life of soldiering. 
He lost his life not on the battlefield, but by a 
Ktonc or a tile thrown by the hand of a woman. 
'Phe woman who brought to an end his varied 
military career saw him from her shelter on a 
houseUjp, and recognising him as the chief danger 
to her country, thing a heavy stone or tile at him, 
which struck him on the head and killed him. 

Death of the Warrior Emperor. 

PyJThus was then in his forty -sixth year, and had 
reignwl for some twenty- thrw years. According 
t^» all w'c learn of him from reconl and tradition, 
he was a gcKsl ruler over his own |)e<ij)le, and over 
thoH«* whom he had eonquercnl, except for hih 
one ruling passion — the love of war and eon- 
<|UeHt. 'Phat one rlefect filUsd him with faiiltN. 
During his few {s'hfKls of |x‘aceful rule he en- 
deavimnd to make his suhjiH'ts hap[)y, and he 
lield a<Ivanc<*d views of civil government and 
the e(]iiality of orders and clasH<*H. He was cer- 
tainly oiu* of the most brilliant K<)ldiers of any 
time, and it was clmracteristio of him that no 
liefeats or even succt'SHions of defeats ever 
brought to him a fe(*ling of despair or shook his 
faith in his ultimate capacity to carry all Indore 
him. If soldiiTing could only Ik* a religious faiih. 
tlien IVitIuis might 1 m* said to lmv<* lived and 
dn*d in abnoluti* dc\oti(»n to Ids causi*. 

Roman Colonlaation, After his death. 
I'arcntum wiw handed over to the Homans, who 
levelled its fort itii iit ions and took possession of its 
fleet. Home hefor<* long eom})let<*d the eoiojuest 
nf all the Italian regions south of the AiMTinim**^ 
and might now Im* regardeti as the ruling powe r 
ov(*r the whole* of Italy. It Ht‘<*ms ehmr that the 
pe»li( y ])ursu«Hl l»v Heune* wtis one* aiming at the 
absorption of all the e’oUmie*N which she hael 
eon(|uenHl into a willing suhnussion to lier 
rule and a de*sire* for citizenship of the gre*at 
rising State*. Something like the sentime*nt ed 
nationttlity was growing uii throughout the 
Italian |H*ninsiilH. “ One Italy,” the phrase* 
so well known in our own timers, hael be*gun to 
Ik* the* mottei and the* firevailing desire of ail the 
Italian fM>i>ulatioiis whieh had iHMJn growing 
into self-ruling State's, It is easy to understand 
how sueh a feH.ding must lie stimulattMl in its 
greiwth l>y anv attempt on the jjart of a fon‘ign 
State to make herself the owner of Italian 
territoiy*. Up to this time Rome had not 
miide any effort to extend her dominion beyond 
the seas. She had not a great flejet, and wasVon- 
tent with the construction of enough ships for 
the protection of her coasts. 

Carthage. A new rival in power was coming 
into exist<*nee. In the recess of the Bay of Tunis, 


in the middle of the north coast of Africa, was 
the city of Carthage, which had been founded, 
as tradition tells us, by the Phoenicians of T 3 rre 
about a century before the building of Rome. 
'Phe city itself is said to hare covered an area of 
some fifteen miles in its most prosperous da}^. 
Poetic legend assigns the foundation of Carthage 
to Dido, the daughter of a Tyrian king — the 
Dido w'hose love for ./¥neas forms a thrilling 
episode in Virgil’s great poem. \^Tiatever miy 
have been the origin of Carthage, it is certain 
that the city soon became the capital of a 
very powerful State?, The Pheenicians had 
for centuries beem a sea-faring race, and had 
established many ports and stations on all the 
seas within their reach. They were not warriors, 
but wf*n* animated by the spirit of travel and of 
<*ommercial enterprise. They were by nature 
sailors and traders. They now provM them- 
vcdvcK capable of brilliant war exploits as well ; 
and, inde<‘d, men who fierformed such daring 
♦ xplorntions of seas hitherto u nknown to them 
could hardly have wanUsi the courage w’hich 
makes the soldier. (Wthage soon became 
engaged in wars against some of her neigh- 
bours, and the result of theses was that slic 
found herself brought into rivalry with Rome. 
Home felt an interest in some of the States 
against whom the (Carthaginians made, or had 
to make, war. and the Romans set about the 
hiiilding of a fl(H^t in order to enable them 
to emitend against their maritime opponents. 
'I'he Romans had tin* better in most of these 
emountere. 

The Punic Ware. Then began those wars 
lK*tween Home and Carthage which are known 
n*< the Piinie Wars. A great soldier appean^d 
among the Uarthaginians, whose name will ever 
h(* renowned in tin* world's history. This 
^^^ldier was Hannibal. He was the son of a 
tumoiis ( 'arthagininn ge neral named Hamilcar. 
who had serveel with great distinction in the? 
first Punic War, I'he story is told that while 
these wars were going em Hamilcar took his son 
Hannibal with him on one of his ex|)editions, 
and made him swear upon an altar eteTiial 
hostility to Rome. Hannibal was emly eighteen 
ye*ars of age w'hen his father fell in Imttle. and he 
M*ems to have kept ever in his mind the vow he? 
had made of hostility to Rome. 

He distinguished himself so much in the field 
that when he w'os only in his twe*ntv»ixth year 
he was made Uemimander-in-Chief of all the 
t'arthaginian forct?s. He is one of the first great 
niilitarv commanders known to history who 
suee*ee"(led in leading an army across the Alps in 
spite of the diffioulties put in his w ay by the road- 
less mountains and their w astea of eternal snow. 
He marched directly towards Rome, and awaited 
the Roman army on the shore of Lake Trasi- 
menus, a lake w'fiich the tourist can see from the 
windows of an Italian railway carriage. The 
Roman army was there completely defeated. 


CofUinued 
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By W. E. GA 

|X the prtH'edinK KectioiiN we have dealt entiivly 
M’ith desrriptl re (jcttltHfi/. We have eonsidtMvd 
the constitution of the rm ks and minerals whieli 
fonn the crust of the eartli. We now come in 
due order to the consideration of phtfsirai, or 
dptuimirah getdoijy. By tins is meant the study 
of the various natural agencu^s which have given 
rise to the state f>f math^rs which now obtains on 
the earth s surface It investigates the pnaesM's 
of change which an* now at work upon the earth, 
and also hel|)s us to Ht*e liow, in tlie far-distant 
|Mist, they hav<* modified the }>nme\al rock^. 
\Ve have already s<*en that tlic earth's cnHt. 
when it first sohdifi(*d from its original molten 
condition, imi-t have U'cn com|H»s(Hl entirely 
of igneous, or crystalline, ns'ks. We know that 
at the present day the greater part (d the surfaci- 
IS (‘ovi'ri'cl with soil and strut itiinJ 
nM‘ks, which an* very greatly 
changi'd from that earliest solid 
pro<luct of till* fiery mdnila. x X 
Tht‘ husiness of physical / / 

geology is to tell us in y / X / y 

w hat way thesiM'hangc'' x y jT / X 

took phw"e. y X y y / / 

Uniformitar- _ _ ^ r c ^ ^ X 

ianiam. The \ \ \ 1 / 

early geologists 

were in the hahit /Boandan^\ 

of thinking that j of \ 

this heneficent ( ^o/camc Cone \ 

.hang., from thr I j 

hnn; volcanic rocks \ otactinty / 

and the fire- 

smitten deserts of 

the early world tfi 

the fertile field-. ^ 

which now' grow . - X ^ ~ 

riiK‘ for harvest. - 

and the kindly soil 

on Mhioh 'man 36. dia(;ra.m oi 

livens and has his In'ing, must havr lH“*n due to 
some correspondingly extraordinary change in 
the order of Nati n*. ddi(*y were always ready 
to evoke the aid of some gigantic cataclysm in 
order to explain the geological history of the 
earth. We are v iRt»r now adays. and find ourselves 
able to explain all these* changes without going 
lieyond the a 4 ^en"ies which are still at work, 
both inside the crust of the earth anl on its 
surface. 

It is true that many of these agencit*s have 
been accustomed to operate in the iiast with far 
greater violence than they ever put forth in the 
present day. Our modem volcanic eruptions 
are trifling displays of fireworks when compared 
with the gigantic outflows of lava which produced 
many of the igneous rock formations of the 
curlier w’orid. We know' no such earth rpiakf's as 
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xdv those which shattcrcil and n'lil the crust f>f llic 

ivd earth wliilc it was still thinly covtrmg the 

licli snhjacent ahyss of liipiul fire Kven the action 

in of com|>arativ<‘ly gciitli' agents like winds, nvers. 

or and waterfalls is proha hl\ much slower nowa- 

uly day.*- than it was in tlu‘ distant ages of the earth's 

c<‘n history, as written in the fossiliferous risks, 

on The glacici-s of the .Alps and lla* Himalayas 
iM*s even the gigantic' lec' haira r which dt'fciuis the 

ih, grc*ater part of the Antan tic continc'iit arc' onl\ 

ant a faint shadow of the uc slu'c t wliic'h oiu'c 

ks. clothcHl almost the* whole ot Xorllieni F'lirop* 

1st. Hut though t!n*s(‘ ngc'iicio have lessi ucd iii 

tell dc'grc'c'. tlu'V arc' still the same in kind 'I'tie 

c'ly great doctrine* of iinifnntutrnKtinMm, which was 

liat cnfoivc'd hy Sir ('liarlc's Lyc-ll with all tlii' weight 

aci* of his gc'iims. and is now universally ac'c'cptcd 


i l/eUanrf tfeitrii 
Tuffi (aea 


y’f' , 

I //nr 

rf ivrn/inri'i rr 


^ it/¥o 


DIACJHAM OK A SIMPI.K VCU.C \\c» 


t(’ac‘lic*s tiH that 
wc* neisl not 
iArrfi attc'injil to c*\ 
plain the 
lllstorv of the 
earth hy intro 
<1 u c I n g a n v 
agi'tits wliic'li 
show a marked 
ditlerc'iice from 
t hose w Inch arc* 
at work to-day. 
SiK’h conviil 

sions of its 

surface as tin* 
(* a r t li h a s 
known stili tin I 
t heir analogiii's 
, . in tin* proc'C’SH'H 
of Nature, unci 
were at the 

utmost only an 
c*xagg<*ration of 
an watch in action at 


the prcs'es.Hes wlinli we can watch in action at 
the* jireseiit day 

Proceft»es of Change. W'e ail have a 
general idea of the of i hangf winch are 

now at work Ujsm tin* ns-ks We ms* ihc' wind 
day after day MW'<*<*jnng up the dust from one* part 
of the dry earth ami heaping it up in anothei. 
We know’ that when tin* ruin falls it converts 
this dust into mud. and often washes it away, 
leaving the surface of the tic'lds or roods hare* 
shcf'ts of n-ikcnj rock. 'Ilie farmer and the 
gardener t4*ll us how frost f»ulv«*ris4*s the soil ami 
aphis up stones and rcs ks,' Wc* cannot take a 
country walk without seeing how* the little 
streams and rivers are c'ontinually w^ashing soil 
away from one place ond d«*fKisitmg it in another. 
An inexpensive excursion to Switzerland will 
familiaris<» us with the work of glaciers iu 
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< liiwfUing out vall<‘yM. Kmoot^iing roek-Rurfact^H entirely to the heat of the sun, i^hich i« itaelf 

like gif^antie planes, and tramporting v»«t the reaidue of the original nebula. They are 

lN>ulders from their percheH high up among the practically all due to movements of air and water, 

hills to |>erplex travellers in the valleys. Kvery or to changes of the temperature, or to the 

holiday at the seaside shows us how the wav<*s action of life; and none of these could exist if 

of the (K-ean are continually batteiiiig the shore. it were not for the sun's heat, 
bo'uking dow'n the hardest (piartz rock into fine Agencies of Change in the Carth*s 
sand, and ever making de<*jK‘r and dcM*per inroads Cruet. It will be convenient here to notice the 

ufHm the most lofty and imp<^>sing cliffH. various agencies of tcm*strial change in tabular 

Internal Influences. We an* less familiar form lx*fore we goon to deal w'iththem in detail, 
with those agenoies of change which arc within I. HYPOtlENE. 
the surhu'C of the earth. In this part of the (a) Volcario€*s. 

world, at any rafts we have no aetjuaintanee (/>) Earthquakes, 

with volcanic activity: and if an earthquake (c) Slow’ secular movements. 

d(»<*H come our way. it is so gentle that, ns a rule, (t/) (lieniieal action, 

we only learn of its existence from the news- 2. fcPIGENE. 
j>a|KTs next morning. Hut we know from the (a) Atmospheric. 

rcfK)rtN of travellers in the tropics that volcanfK's (/j) Aqueous, 

are still at wtak f»ouring out lava over the (rj Glacial, 

surrounding land, that earthquakes are still (ff) Organic, 

competent to swallow 
U}) whole village's, and 
ojs'ii chasms, which 
soriously atfect the 
Hurroundinir strata. It 
is (uir husiness now 
to study tli(‘ action 
of these various 
agencl(*s as modifying 
tlic crust of the earth. 

Hypogene and 
Epigene Agen- 
clea. \V e may divide* 
thes<‘ agencies into 
two clasw's f(tr c<m- 
\(‘nienc<* of stmlx. 
according as they 
(»|s*rat<' ahovi' or Im*- 
nt'alh the surface of 
the (‘aiih. IS 

n fairly oh\i(ms di^- 
tinction Is'twccn the 
Ml perficial a gi n t “ 
which prtKiuce micIi 
changt‘s as wt* mean 
wh(*n we s})eak of tin 
weathering of rocks, 
and those suhter 
ranean forces w Inch 

an* thecause of volcanic activity, and give rise to HYPOGENE AGENCIES 

carthquakt*sor to less ix*rcepti*hle scvulor move- Volcanic Action. By a volcano we 
ments of the earth. The suhtcrrancon ngencit*8 usually understand a mountain, generally of 
are ('a)l(*<l by geologists w hile the sufXT- eonical shape, w hose summit contains a crater, 
ticinl are know n as rpigenr. Both those agencies, or o]iening, through w hich hot vapours, hot 
which do HO mut'h work ui>on the earth's crust, gases, volcanic homlis, ashes, and streams of 
owe their existence to the sajue source of energy, molten lava are ejected during its activity. 
iH'ing derivtHl ultimaUdy from the heat of the Veauviiis. Etna, Krakatoa. and Mont Pelee 
original nebula out of which the whole solar present familiar types of such mountains. All 
eystem has lx‘eu developed. [See Astronomy. 1 volcanoes, of whatever type, are simply channels 
The hypogene agencies, as may be readily seen, of communication between the surface of the 
are mostly dvie to the heat still remaining in the earth and the reservoir of molten rock which 
interior of theearth. It is no difficult task to trace exists at a varying depth in the intenor of the 
the association of volcanoes w ith the central fire, crust. In the past, however, volcanic activity has 
and we shall see later that earthquakes, and the by no means la?en always associated with mown, 
alow secular movements of the earth's crust, are tains of this kind. When the earth was younger, 
alike due to the fact that the earth has been and the solid crust was considerably thinner than 
slowly cooling since it first came into existence. it is now*adays, there were vast eniptions which 
The epigene agencies owe their powers almost were due to the rending of the crust along huge 
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fiHsures. often iiundredH of mik‘> in extent, from 
which mtilious of font* of molten i^mH)us 
welled out and Biibmerged the surroundinvt 
country. The only recorded example of such a 
finfiiire erHjytion in modem times is that which 
took place in Iceland in 17t^3; hut the study of 
the gcndo^ricnl rcK-ord shows that such phenomena 
were extremely frequent in earlier ages, and 
gave rise to va^^t ma«»es of igneous rock. 

A Simple Volcano. It is (‘a.sy to see 
why the miKlem volcano is almost invariahlv a 
conical hill or mountain. If we consider wliat 
hapfx'ns at a vent which has thus lavn opened 
lietwecn the molten interio” and the siirfai*e of the 
earth, we shall see that 
the molten rcK*k, welling 
up from within the crust 
and overHowing in all 
directions from the vent, 
rajiidly solidifies into a 
roughly circular mas.-, of 
which the \ent is the 
centre. Whi n more mol- 
ten lava IS |H)ure(i forth, 
it still wells out in the 
same circular form, and 
the cone is gradually 
built up round the vent, 
which is bored through it 
as a viTtical t>ilK‘- The 
sinijilest ty|H‘ of volcano 
is that of a single cone 
thus formed around one 
centre of eruption. The 
summit is usually trun- 
cati'il. and presimtsa cup- 
shafK‘d cavity, called the 
erntei, into whicli the 
ciaitral })i}>e ojhmis. Most 
existing volcanoes mnsist 
of not one, but many 
cones, each of wliich has 
at times been a centre 
of erufition. This con- 
siderably complicates the 
original constitution 
shown in the diagram 
[36]. A very fine instance 
is presented by Mount 
Etna, where there are at 
least two hiindrcd of 
such cones. 

Volcanic Products. 

The volcanic vents which 
connect the surface of the earth with the 
molten interior emit various kinds of material, 
which m.iy Ik* classified as gast-s, water- vapour, 
lava, and rock fragments or dust. Many of the 
gases eraittiKi by volcanoes have a corrosive or 
solvent action upon the rocks with which they 
come in contact. Supe*rheated steam, which is 
one of the gast*^ most common among volcanic 
products, has a fsiwerful disintegrating action 
upon the lava through which it breaks its way. 
TTie water which many volciuioes emit — gener- 
aUy, of course, in a highly heated condition — 
collects large quantities of volcanir* dust, and 
forms a [wvsty conglomeration of what is known 


as mud-lava, d'h * chu“f imjKirtance of volcanoes, 
however, as agent" of geological change consist.s 
in the lam which tlicy emit, biva is n term 
generally applied to all tlie molten riH'ks which 
are ejected from tlie interior of the earth. Wc 
have st'cn in tlie priKcding chapters that a largi* 
projKirtion of the igneous rocks which onginallv 
formed the whole of the earth s cnist were oiuv 
vulcanic lavas. They vary considcrahlv ni 
chemical compositum. in structure, and in 
textun* : but a larger text -book must be I'oii 
suited for details. Lastly, in addition to gast* ; 
and molten lavas, solid fragments of rocks aic 
frequently cjcctcfi from an active volcano. Tin* 
larg(‘rof th<*sc arc known 
as V ilcanic h tmks oi 

Itl'K'k's, wliicli an* simply 
pieces broken o»T from 
already soiiilified col- 
nmns of la\ a. and liuiiod 
out of the vent by tin* 
pressure of gas. just as a 
shell is fired from a i iin- 
non. A great quantity 
of solid matter is also 
ejected from volcaniws in 
tlie form of (lust wlii(*b 
has been prodtii'cii by 
I be disrupt I v(* ctTci-t of 
gases at a high tcin|M‘ra- 
liirc Miiil under great 
pri'SKun* 'Phey explode. 
"O to H|K*ak. as the lava 
with which they arc 
iningl<*d ajiproachcs the 
surface. This dust is 
often Hi‘nt floating up 
liigfi into till* air and is 
dilTiisi'd by the* atmo 
spln'ne eiirri'iits over a 
verv large area. It has 
Momefimi'H been known 
to travel half round the 
world iH'forc subsiding 
to the earth, d'hc great 
eruption at Krakatoa, in 
1HH3, is Is'licvi'd to have 
caused in this way the* 
remarkable HU nsets w hieb 
were seen in Kngland 
during tlie following 
Slimmer. 

Volcanic Action 
Everywhere. Tbi'ie 
IS practically no part of the world, as we 
now' know it, in which traces of volcanic action 
cannot In* found. Once ufsin a time tin* earth 
wicmH indeed, to have l)(*en split and furrowKl 
in all directions by the activity of the central 
tires which are now approaching a state of 
quiewenee. Nowadays voleanu- activdy is 
limited to a comparatively small numlsT <*( 
regions, and extinct voh'ar/.>es are considerably 
commoner than active ones. Arthur’s Seat and 
North lk*rwick l, 4 iw, in the Scottish I>owlandi, 
the regions of the Auvergne in ('entral France, 
and the volcanic Eifel, iH-side the valley of tlie 
Rhine, offer good exnmpU*s of volcanoes once 
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active, but which have ghown no signs of eruption 
for thousandg of years. There b no eeaentia] 
distinction between extinct volcanoes and 
dormant volcanoes, as history shows that a vol- 
cano which has been extinct so long as human 
memory records may suddenly break out into a 
remarkable state of activity. This was the case 
(vith Vesuvius just l^efore the destruction of 
Pompeii. But there can b<^ no doubt that, on the 
whole, volcanic activity has steadily declintMi 
since the beginning of human history, and that a 
time w'ill come when all our terrestrial volonnoes 
W'ill bt*! as inert as those of the moon [87]. 

Distribution of Volcanoss. The dis- 
tribution of af’tive volcanoes, of which 
there arc h<'tween thrive and four hundred 
now' in existence, deserves stud}. They 
are found in greatest numlwr on the shores 
of the Pacific Ocean, where more than 
half of the n(»w active volcan(K’S 
are nituaU*d. Am a rule, they arc 
niluatcd in the neighbourhood of 
the t;ea or of some considerable 
Hheet of water. riiey are generally 
arrangc'd along Urn's of fracture oi 
folding in the earth's crur.t, as, for 
instance, in the chain of tlv* Andes. 

Many volcano si also anse from the 
submarine ridge s of the ocean basins, 
and a few, as in Ittily and Iceland, 
are rangc'd in groupi. in phwH' of the 
prevailing distriliution in a linear 
riiTicM. (h'ologically coiiHidered, vol- 
eanooH may U' said to mark the 
ploe'tg of w'cakmss in tlu* earth s crust 
where oome vast fracture has cK’curred 
in the ro<’ky luasn. Tlie liquid rook 
of the* molte'U inte*rior, undeT in toler- 
able prt satire, makes its way to the 
surfae*e through these fractures and 
along the* lines of least res stance. A 
study of the geological r<‘eord show's 
that veilcanic action has always iK’fcn 
moi.t abundant in certain 
)imit(*d areas which mark tlus* a — 
great lines of weaikness in the 
earth's crust. 'riie* special 
gt'ologioal work of volcanoes 
and of fissure eruptions has 
luH'n to bring to the surface 
the vast mai s-.s of igiu'oiia reK'k 
which in many cas s have 
thus lKH*n intruded am mg the strata of earlier 
s xlim 'nt4iry rtM'ks. upon w'hich they have had a 
well markt*d baking or mi'tamorphic action 
Geysers. In speaking of volcanic action one 
should memtion the curious natural fountains 
knowm as gey^fers (88], sj common in Iceland 
and in the Yellowstone Park, Tnose are, oo to 
speak, water volcanoes, or springs, which rise 
from an extremely hot region. Their water is 
periodioallv eject^ in jets or fountains by the 
pressure of steam formed in the lower portion of 
the pipe and unable to escape except by this 
explosive action. 

urthquslies. The study of earthquakes, 
known as seunnohgy, has made a ve^ oemsider- 
able advance of recent years. This is largely 
1208 


due to the interest that Japan, as a rising nati^, 
has been forced to take in the convulsions which 
are continually shaking her cities to the ground, 
and which compel her architects to study the 
conditions necessan* for erecting permanent 
buildings, in spite of thes* constantly recurring 
and inevitable shocks. Earthquakes in our own 
country, as w'c know, are scarcely ever violent 
enough to endanger our buildings ; at the worst 
a wall may be cracked, or a chimney shaken. 
But in the countries where earthquakes are fre- 
quent and considerable in extent they have been 
known to cause terrible destruction. The city 
of ( 'aracas w as nearly destroyed in half a minute, 
with 10,000 of its inhabitants. Port Royal, in 
1002. and Lisbon, in 1755, were almost entirely 
w reeked by earthquakes. 

We know' now' that thes'* gigantic convulsions 
ar<* merely the temporary exaggerations of 
tr. ‘mors W'hich areeonstantly passing through the 
surface of the earth. The seiMm/fmeter [89] — an 
instrumimt consisting (ssentially of a carefully 
halanctd pendulum which is sensitive to the 
slightest motion in the has * upon which it is 
suspended— shows us that the eartli is continually 
and everywhere traversed by rapid and weak 
tremors, a^i well as by sh(X‘ks of longer duration, 
and often of periodical recurrence. Earthquakes, 
US a rule, are merely exaggerations of these move* 
iio nts. When the motion of the earth's surface 
UN indicated by such instruments excec<ls 
k in. in extent, the result is an earthquake of 
ail extremely dangerous and destructive kind. 

EarthquaHe Waves. All these tremors are 
due to wave's propagated through the crust 

of the 
earth by 
causes 
a n alogous 
to the ex- 
plosion of 
a mine or 
the fall of 
a huge 
stone. The 
jar which 
w' t* feel 
t hrou gh- 
o u t the 
house 

39. SEI.SMOMETF.R when a 

he a v y’ 

vehicle passes along the road, or when a 
stout man jumjw out of bed on the upper floor, 
is prec'iticly similar to what we call an earth- 
quake, though, fortunately, less in degree. 
Tnese earth-waves travel at definite speeds, 
which can be measured with considerable ac- 
curacy and which vary according to the sub- 
stance through W’hich the w’aves ore transmitted. 
They’ naturally travel faster through a hard 
and close-mined rock like mnite than through 
a loose si^stance like sand. The direction in 
which they are travelling at any particular place 
can be determined by observing the direction in 
w hich walls [ 40 ] or similar objects are cracked by 
shock, and which are, of course, at right angles 
to the emerging wave. If, when an earthquake 
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occurs, several observations of this nature have gtraiu. Every mile of the 8u(>erincumbent 

been made in different places, it is possible to strata is probably responsible for a pressure of 

make a fairly close approximation to the place 20 or 30 tons to the square inch u|>on those which 

at which the earthquake originated beneath the lie beneath, and it is clearly conceivable that 

surface by prolonging lines back-ward from each 
of these stations, and calculating the point at 
which they would aU meet within the earth [41]. 

It has thus been observed that earthquakes 
usually originate within the upper jKirtions of 
the earth's crust at a depth which is s-'Idom 
greater than 14 or 15 miles. 

The Cause of Earthquakes. ]t in ...i 

not difficult to see that we must look for the Qause 41. direction of E.4RTngrAKE waves 

of all eaithquakes, from the merest tremors 

insensible to man (which nevertheless leavo every now and then the most massi\c rocks 

their traces on the delicate instruments of the must yield or snap under this intoJenihh^ pros- 

seismologist) to the vast cataclysms which wreck sure. When they do so, a more or less viol(*nt 

whole cities and submerge long coast lines sf‘t of waves are originatcal, which radiate oiit- 

beneath gigantic occ^an waves, in some siibter- wards in all directions, and when they reach the 

nin»^an shock or displacement. 1 his may occur surface of the earth give rise to all the destrijc- 

in various ways; sometimes it may Ik‘ due tive phenomena which we call hy the name of an 

to the sudden collapse of the earthquake. There can he 

roof of a subterranean cavern. In littledoubt that thcscrupturcs, 

limestone districts, where the readjustments, are conlinu- 

underground water is able to dis- ^ -^.7 't on in a small way, 

solve the suLstance of the rcK'kr., W giv(‘ birth to the constant 

and thus to leave hug(‘ cav( s, which t my t remors which arc rccordcxJ 

every now and then become I ”7 ' " "IeM seismologual instrum<‘nlN ; 

ineapable of the task of support- V mH /T 4^ IjM it is cfuuparatively si'ldom 
ing their roofs, small earthquakes I v *51 [cJiS ‘Miough 

of this nature are not unce mmon t , jjlM b> prm^uci* seriously de- 

A small numlier of earth(juakt*s, jjPS structive cflfeetH. 

again, are no doubt due to cnuk- Wyv ^ nH, wjjj ^"‘^1 infreejuently earlh- 
\oIeanie explosions in the jiHlpI (juakes take* place em the* fleieir 

lowi*i regions of the earth's . of ocean basins, 

enist. It was once KiippoKi‘d N. ..e uhu ui ' where* the*yg(*nerally 

that earthquakes were al-w^ays \ .tMia .MiKWu..rua t ), (.nisei ve* < kneiwn 

cleisely eonnee’texl with veil- 40. house hhaken bv EARTiiguAKK by the* propagation of vast 

canoei}, but this prov(*d b) oe (*nu \\uve*H, v\hieh cause 

l>e an erroneous view ; and, as a matter e>f fact, Ke'riems. and ejften fatal, inunelationK wh(*n tb(*y 
the mejst powerful and numerous earthquake‘H re*aeh the* neaire*Kl lanei. In IHtKi, nearly .'l(),tKKI 
fK*eur outside the limits of vole*ariic districts. pe*e)pl<* were* thus elreiwneal on the* eoast of .lapan 

It is now generally admitted that the reee»g- by an earthquake wave, whieh was also fell at 

nised cause of most (‘artbquakes is to lie found San Franeise'o, nearly .5,0<K) iuile*K away. Sub- 
in the sudden yielding of subbTrane^an rocks marine tele*graph eablcs are* not infre*fjuently 

whieh are under great strain from the? superin- brok<*n by these? submarine* (*arth(juake*H, and a 

eumbent strata. It can readily be seen that at a famous searc of invasion was raiH(*d in Australia 

depth of five to fifteen miles beneath the surface, a few ja^ars ago by the* simultan(*ouH de^strueition 

where* the majority of great e*arthquakes origi- of all the cal>l{*H, and the* e*onKC(jUc*nt isolation of 

nate, the rex-ks must be in a state of e'xtreme that continent from the n sl of the world. 

Continued 
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MUSIC 


THE PIANOFORTE 

Meaning: of Technique. The Instrument. The Two-fold Function of the Keys. 
Control of the Key Hammer. Keyboard and Pedals. Correct Position of the Hands 


By M. KENNEDY-FRASER 


V|^K hiivr nlnvidy Htudicd tlu* Thoory i)f 
^ Miihic, th<* nature of Scales, the Ihmh of 
'Tonality and the* nature and function of Rhythm, 
etc. have learned hou music is written 

down, how to r<‘ad its nr^tation. VVe* have now' 
to learn to n produc’c written music— to make* 
music , ' as the f Germans s iy— and to do this by 
means of the pianoforte. 

Our pianoforte education has two distinct 
branches. In the- one we learn to conceive the 
ert’eel intendc'd by written rmisic. We barn to 
hear it with the mind's c-ar, w'c learn to think it. 
in the othc'r w<- learn to e\pn*ss this thought by 
sounds that \\r and our audience* can liCMir. 
'This latte*!’ blanch we call ttchnifjnr, in tin* 
fullest s**nse ol the term. 

Technique. 'Tin* h*nrninu of 'Technujue (the 
)K)wer of expresHin.^ ourselves) us *d to depend on 
an ajitness for imitation. Our teachers played, 
and we dul our lu*st to iniitati* them ; and. by 
(lint of much trying, sometinu's succeeded. 
'They could tench us th<‘s<* matters of exeeution 
by e.xamplc and sujj^'eslion only. Rut now 
both tile bow and tlie why of good piano teeb 
iiiipu’ lia\e be«‘n diseovered ami written down 
for UK. so tlial it IS possilile for all of us to 
learn from books. 'Tliesc books are “ 'The .\et 
of 'Toiieh,” a seientdic treatise, and “ First 
l*nnciph‘s of Rianoforte Playing, ’ a student's 
piiiiK*!', laitli by 'I'obias Maltbay. 'rh»*y show 
ivnv It IN |M»ssible to ai'ijuire (in a direct way) all 
t)i<> ditb’rcnt forms of <*x pert ness included in 
the t<*rrn Pianoforte 'Teehniipie. For the term 
thus used in its w idlest sense simply means the 
ability to use the k<*ys effectively and easily, ami. 
as Mr. .Matthay has said, “on our correctness 
in the Art of 'Toueli, therefore. de|K*nds all 
.suecess ill pianoforte playing in whatever 
dinrtion. agility. In'auty of tone, brilliancy. 
|Miwer. and ability to give those inHtvtions of 
toiu' from note to note which render music 
intelligible." Our t*iitin* tecliniipie tlejH'ntls, 
therefon*. on our olK*dienee to these laiws of 
'Toueli. and on our teehniiiue again dejH'nds 
eiitindy our power of expressing w hat we feel 

To l»egm the study of pianoforte playing in this 
direel and seientdic way which Ims thus Ihvii 
made jaissible for us. we must, Indore think- 
ing of our lingers and hands, find out what 
the piano is. and what tn‘atinent it n^quiix's 
from us. 

Instrumental Facts. Tlie pianoforte 
is a harp-like instrument enclosed in a wooden 
Ik)x, the nature of which is disclosed by 
the “ case of a “ grand " piano, which still 
n^taina this harp -like sha}x\ although now 
supporttni table-wdse on thret' legs, l^e upright 
or “cottage" piano, although its caae i» quite 
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different in shapi*, is still harp-like within. 

Tlie strong ineta) frame (Ij strung with wire.s, 
from the short, thin ones giving the highest 

n tones to the stout long ones sound- 
ing the bass, is thus no longer held 
upright hy the player like a harp, 
nor an* its st rings jilui ked by 
V Ids fingers. Rut. mstenfl. eare 
fully [Kused hammers, eov(‘red 

with thick felt, arc driven 

I against the string.H to sc*! them 

I in vibration. 'Diese haniriK'in 

1 FR\ME are controlled by a set of cun 
ningly dcviscfl woculcn toob, 
oxcrlaid witli ivory or ebony at one end — the 
«*nd that pr(‘sents itself to tlie playerb finger^. 

Till* instrune nt consist - of two distinct 
IMirtions : (1) the music-making ]M>rtion — /.c , 

tin* strin</s and th(‘ir rt*inforc’iiig sounding- 

board — and (*J) tb(‘ set of tools wherewith wi* 
may induce the sound. 

Function of the Keys. Now. thesi' 
“ tools " have a two-fold fuiK'tion. They are 
He(*-saws, offt‘ring an ivory or ebony kejf to tlm 
linger at one end. and furnishi*!! with a liammer 
to strike the* strings at the other i*nd ; and these 
“ keys " — note this — control tht* actions, not 
only of th(* hammer with which wi* excite tone 
at will, hut also of the “ dam|K*r ” with which 
we stop off tone at will. 'Thus tlie keys are the 
tools with which we chiefly (ommand the 
vibratory — i.c., sound -producing oowers of the 
instrument, aiul we must txamim* them 

clost'ly. 'The 
^ k(*\ IS a li'ver, 

B ^ I iirttun* 

W of a .see saw, 

I und Its jiosi- 

^ ^ t i o n a n d 

2. THE KEYS aotM.H Y'- 

A. l\ni> Kcy-eml. H. Hunintrr. ^ ^ 

C lianus'r. 1>. String. E. Ke\ -hni fi It 

hig. 2. 

Control of the Key Hammer. Let 

us press gtmtiy off the ivory end of one of the 
keys of the piano. It will go down under the 
jHVssure (as w ould a see saw ), and, the other end 
rising, w ill, if the action l>e sw ift enough, throw 
the namraer against the strings. The .strings 
vibrate and produce a sound. Now release the 
key from the weight of the hand and arm ; the 
key will rise*, and, as it ri.ses, the sound will 
ceas(‘. \Miat has hapjiened ? When, by tho 
set'-saw motion of this key-end, we managed to 
throw the hammer at the other end against the 
string, did the hammer, after hitting the string, 
continue to press against it ? No. For. if it 
had done so, the string would not have bet® 





MUSIC 


free to vibrate, and no tone would have resulted 
VVliat happened was this : the hammer, as 
soon as the sound was produced, fell back a 
little w’ay from the string and allowed it to 
vibrate freely ; and this the string continued to 
do till we suddenly released the key, and the 
tone as suddenly ceased. 

The Damper. \Miy did this happen, and 
why must we keep the key depressed if we wish 
the sound to eontinue ? liecause the key, 
when depressed, is keeping the damper off the 
strings, and when the key is allowed to rise 
the damper is permitted to settle down again 
on the strings and stofi their vibration. Re- 
memlxT, then, that when a key is mov'ed it is 
the beginning of the sound whieh indicates that 
its hammer function has Ixvn fulHlled — all that 
remains, the continuance of the sound. de|>end8 
on its damp(T function. And this is the first 
thing we must learn, and the last thing w'e n»ay 
forget in nsing piano-keys to make music. 

The Key»bed. We know something a btmt 
the key with its hammer and its damper atten- 
dants, but in the key's retinue then‘ is another 
small unscnm, and at times ill-treated, appanage 
that coiK'erns us a.s pianists, and must not Ik* 
overlooked. This is the little piece of felt 
under the extreme finger-end of the key, whiel) 
prevents th(* key from jarring against its wooden 
" l»ed " when it is ]»UHhed down. The s<‘<' saw' 
key manages to throw' the hamnu'r against the 
string just i>efore it (the key) re^vches th<' l>ottom 
of its ** IkhJ, ’ and if we were keen enough always 
to listen for the beginning of the sound and never 
to move the key any further than to that 
moment of sound- birth, th(*se poor down- 
trodden key-lxM.! o\ishions w'ould fx* unneci^ssary. 
Rut careless, unskilful }>layers, and even adepts 
at times, try to drive the keys too far dow'n, 
and these “ felts ’ in the lK)ttom of the key-lxxl 
act like buffers and sofU-n a probable, hut (|uite 
unonlh*d-for, collision which might otheiwise 
pro\e disastrous to the pianoforte mechanism. 
They mav thus f>c used, but should n<‘ver ix? 
abuwxl, and, to <|uot*‘ Mr. Matthay, “should 
certainly not lx* s(|ueezed ‘ as though they w'cre 
rijx* fruit from which we could extract sound- 
juice.’ ” 

The Keyboard, 'fho finger ends of the 
keyH are not all alike. They are groupcxl in 
easily recognisable patterns in black and while. 
'Hie even row of ivory — in full “grands'’ o2— is 
Imcked and intersected by a higher and naiTow<T 
row' of ebony keys (36), and these fall into 
alternate groups of twos and threes. The entire 
serifMS (88) is called the keyboard, and the player 
is expect^ to reach and control with one or the 

other hand 

8. KEYBOARD , Ual ” [S]. 

Damper Pedal. But in addition to the 
keyboard, or manual, we shall find two pedals 
to be worked by the feet. The righ^foot pe<^ 
controb the dimipers. Depressing it, we iwiae 
all the dampers simultaneously off the stringa. 
With the damper pedal thus depressed, a ton© 


produced by the down movement of a key 
will continue to sound even after the key 1ms 
l»een allowed to rise. But this danux*!' pedal 
not only prolongs the sound, even should the 
key rise — it affects also the rhnrocffr of the 
sound. For, all the strings of the in.'*trumont 
being by its action left free to vibrate, many of 
them vibrate in stpnpat)nj with the hammer- 
affected strings, adding thus to tlu'ir original 
volume of sound, while by the non-jx'rcussivc 
quality of their tone they affect also — and this is 
important — qu^tlUg. This ritlit-hxit |xxlal 
is often termed the “ loud ” penial. It may 1 h' 
u.Hed while playing at one's softest, hut its 
application will be treated further on. 

The “Una Corda’* Pedal. The other 
pedal is controlled by the left foot, and its func- 
tion also is one of affecting the tore* quality of 
the instnimcnt. To explain its use we must 
again examine the harp-like MrrangeuK'nt of 
the strings. ’Fho long, thick bass strings an* 
single — one to each liammer and key — hut, as 
with the rising pitch the strings get sliorter 
and thinner and consequi'ntly weaker in tone, 
wc have two strings tuned to one pit<*h, and, 
higher up, thrw. The left -foot jXHlal wlien 
pushml down in a “grand,” moves tin* wliolc k(*v- 
lK)ard with all its nammer mechanism a littk' 
to one side, so that a Immmer no longer striki's 
all th(‘ strings allotted to it, hut leaves oim 
unstruek, and this one, sounding with a fif/ni- 
fXitheiic vibration nnly, UKHiities the elianicter of 
the tom‘. 

That tlie part of tlx' liammer wiiieli cutiicH 
now in contact with the strings is less UH(‘d, and 
consequently softer, will also slightly affect tlie 
tone. The left-foot fK*dal is often erromsuisly 
called the “soft ” lednl. It certainly (I(K‘k 
weaken the tone-amount, hut w<* may play at our 
BofUist without it. It is projKily termed the 
“ ima eorda ” — f.e., one-stnng [K*dal. 'riie (airly 
piano did not have mori* than two strings, and 
the “ versehiehung to use tin* (lerman t-erm 
for the ” una corda,” meaning the pushing 
— permitUal the liammers to strike* only 
one fttriruj. Thi* dam|K*r and “ nna corda 
pedals may lx* uhihI together, ('are should lx* 
taken when using th(* ” una corda ' fKxlal to 
/«% depress it, providc*d it is projx'ily adjusted. 

How the Keys arc Named. Most 
“ uprights ” are without this device, and anr 
provided instead with a strip of felt to 8ofU*n 
the tone, or other devices, none of whicdi, 
however, takes the place of the pnqxT “ una 
corda.” 

Roughly speaking, the earlier music, even up 
to the eighteenth century— i.c,, Ixdoro Beet- 
hoven’s time, may be and often ynuHt Ixj played 
unthonl the use of either pedal, while most of the 
pianoforte music of the ninet(*enth century — 
that of ChQpin and Schumann, for instance— 
cannot be aflequatcly performixl without the use 
of one or both. 

Now let UH return to the keylxiard, for it is 
with the keyboard that wc shall have to occupy 
DarselvcTB chiefly ; but lot us never forget os 
pianista arc only too apt to forget — that the 
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keyboard nnt the instrument, but merely the 
“set of tools” with which we may use it. 
Wc muBt learn, then, to Vk? expert with thc*He 
tools, BO let UH make their l>ctter accjuainUinee. 
Seated at the middle of the keylioard, let us 
oasH our hands over it. It preaents an uneven 
nurfa<5<* to the touch, the elx»ny kevh lying higher 
than the ivoric^s. uneven Hurfa^’c is an 

ifl vantage. 

We must leani to read eanily tin* nuiBie 
writUm to include the black keys. «ince it ih 
eOMier to 7 >/^///, though more difficult at first to 
rexul^ than luusic eni)»loying <mly or mostly 
the whiU* keys. 

What, tonally, does this keyboard command? 
A Merj(‘H of Hounds, each half a tone apart. And 
its S8 keys are named with but seven letters of 
the alphaU't -from .A to (J. The MhiU- keys 
only arC/ nam'd; the ebonies fake their names 
from the ivories tliat lie next to them. Tiiis 
series of seven letters rcfM*ats itself throughout 
the exU'ut of the keyboard ; that from A to (J 
Mas the old lorm of our modern minor scale. 


that from t<j H the prototy[K‘ of the modern 
major scale. 

Eye Knowledge of the Keyboard. 

We must learn to ns'ognise (juickly and surely 
the place and letter name of each white key 
by its place in the hijhonrd ftatterh, by its 
relation to the gnmps of two and three 
black keys. Take I) first, Indween tuH) blacks, 
and find D s all over the keyboard ; listen to 
them— all alike though different. Next find 
(’’s and E's, next-door neighbours to D's ; add 
JVh and K's. eivch at the extremes of the three 
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black-key groups ; and finally add 
A and (J. We must work at this 
(with other studies) for days or 
weeks till mastered. Later, add 
knowledge of altered notes, note.' 


4, it.AisKi) raised or lowered half or \Uiole 


.AMI tone For such shar|H'ned (raised) 
LOWKRKII <‘r flattened (lowered) sounds we 
NoTKs must use the contiguous black or 
white keys [4], But finding the 
keys by the eye. and testing their pitch, aixl 
tryiug to remem Iku- this by ear (a.s tlu- 
musician must do), is, after all,* only the U^giii- 
ning of knowledge for the pianist. lit 
must learn to find and recognise the keys 
hlind. To is lu‘ can do only by the simse of 
touch and by mental muscular measurement.s. 
.Again, to do this, he must learn with his fingers 
and hands to rtst <m the keytt. 

If we have studied carefully every word of 
wliat has Ihhui said wo now' know something of 
the instrument, and of the mechanical means 
provided in it for producing tone. 


Importance of Resting. Tiic next 
qm*Btion is, how' must vre use the key^ ? How* 
direct the arm, hand, and finger against the 
keys to move them ? We must learn, tirst, to 
jeM on them, that our sense of touch may tell u.s 
where they arc, and that another sense — “ the 
muscular sense “ — to which we must pay great 
luH'd, may tell us how' heavy they are. hftw much 
rtHtMUinre they offer to our resting weight. In 
order that the fingers may really re^t on the 
keys, the hand must lie alloAved to hang loosely — 
limply— from the arm. Wv mu.t learn this 
first. 

In llie daily active use of the fingers (apart 
altogether from pianri jdaying or study) the 
hand never hangs from the arms ; yet in lU'tive 
finger piano playing it must learn to do so. 
This is a muscular condition which, in active* 
use of the fingiTS, is quite* new to U' Wc mur't 
study it. understand it. and Ik* able to induce 
it with |K‘rfeet ease, and n'*ver retit satisfied 
without (biily testing it at the k<‘vb(»ard and 
aAwiy from it. 

^ Position ofthe 

/ Hand. To learn what 

- - . , , we m ‘an by hanging the 

) ^ band IcKJselv on keys, let 

* \ ^ us try bolding the band 

^ \ ^ ore) the key's, but not 

^ . ! touebinfi: them, in tin* 

/ I It is evident that as 
'' ^ ' lony as we d(> wo/ touch 

6. i.oosEi.Y UAN(;iN(i ff,(> the band (at this 

angle to the arm) is suji- 
porting itself ; it is not 
banging loosely from the arm; we* are using 
Its upholding muscles, the mu (‘les tliat 
prevent the hand falling by its own weight. 
Tiiese must relax ; tb(‘y must relax so that 
the hand in )>laying may he supported on 
the keys by the fingers Tiie apjK*aranee, 

the mere fxwitton of tin* hand when the 

finger; an* on the key.>. Avill not help ns in 
s(*< iiring the loose wrist ; for the wrist may 

^ Ik* held high, in *dium, 

j ' " ^ ' or low. and in any of 

_ , these various positions 

, ^ ^ ^ ma\, or may not. Ik* 

• " — stiff If we would 

6 HAND I'l’HKLl) BY uiike sure of the 
ITS OWN MUSCLES loOSC WTiSt WC iniist 
see to it that the hand 
is rt*ally suf<pinded l»etw(Km arm and fingt»rs, 
and that Udng the case it will hang loosely 
whether the wrist -end of the forearm lie held 
high or low. 

Continued 
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Group 6 

CIVIL SERVICE 

Appointments under a Typical Council. Junior Clerks and 

9 

their Prospects. Draug:ht8men. Clerkships. Women Typists 

.-.lulluHiMl fiuin imip' UCtt 


By ERNEST A. CARR 


E inooraeti of municipal clerks vary almost 
indefinitely, according to the duties they 
perform and the liberality or otherwise of their 
employers. At the he^ of the calling are 
such respoiisible positions as principal clerkshijw 
under the City Corporation, with salaries 
ranging betw«»en £650 and £1,000 a year. Tin* 
other extremity is occupied by temporary 
office clerks, pt'rforming routine duties for a 
Imre £1 a week, fk^tween theses extremes li(*K 
(‘Very imaginable gradation in value and dignitj’ ; 
and as there is no uniformity of system in the 
Service. ea<*h local authority being a law unto 
itself, the vast bulk of clerical employment is 
loo incongruous admit of precise classification. 
To this general want of system, however, there 
are many exceptions, tlie most notalile case 
l>eing that of the London County Council, 
whose clerical staff will Im* separately considered 
in the course of this artich‘. It is nec(‘ssary 
also to rememlM*r that for some officials muni- 
cipal clerkships arc merely stages on the road to 
leading or })rofessional rank, whilst for others 
they are both means and end. 

An Expert** Views. 1'he courU'sy of 
the Tow n -clerk of Birmingham enables lis to 
present to our readers an admirably c^h^ar and 
comprehensive summary of the general prospc^cts 
afforded by clerical employment in a corfioration 
of average size. AfU^r premising that spcjcial 
factors may influence the progress of every 
clerical staff, Mr. Edward O. Smith, the Town- 
clerk referred to, proceeds as follows. 

“ Cienerally it is the practice for corporation 
clerks to start as juniors (jr office lioys at 
salaries ranging from £15 to £25 a year, the 
necessary qualifications being, as a rule, that 
the lad is of good character, has had a fair 
education, and (in most cases) shows a good 
knowledge of figures. Junior appointments are 
sometimes filled on the recommendation of head 
mastei-H of public schools who have likely 
pupils leaving school and desirous of getting 
into the Municipal Service. 

“ In the large departments of the Corporation, 
such as gas, water, electric lighting, or public 
w orks, these juniors would progress into counter, 
rental and exchange clerks, accountant and 
ledger clerks, carhiers, collectors, and district 
clerks, with maxima of about £150 to £180 a 
year. Tlie work of these clerks is in most 
cases routine, but exceptional ability may be 
rewarded with positions as chief clerk, office 
superintendent, departmental accountant, etc., 
with salaries ranging from about £250 to £500. 

“ In the Treasurer’s Department the same 
rule as to juniors may be said to exist. Here a 
good knowledge of figures and some bookkeeping 


skill art* special qualifications. .Ajipointmcnts 
as cashiers and iKlgcr clerks arc usually rccniittni 
from the junior staff, and salaries range from 
£80 to £250 a year. In tJiis department, also, 
there are higher appointments, as chief book- 
kcept'r, chief accountant, and other jiosts, 
with salaries running up to uliovit £5(K) a year. 

“ VV^ith regard to the Town -clerk’s Ihqmrt- 
ment, a rathtT higher standanl of education is 
required iu*r(‘ than is the cast' with the other 
departments of the corporation. AjifKiintments 
of commit t(H' clerks art' usually held by the 
town-clerk's staff, with salaries ranging from 
about £2tM) to £3(K) a year. In this department 
are law cU‘rks and parlianumtary, n'gistration. 
and election cltTks. with salaries ranging from 
about £I(M) to £:i50 a year. In muirly all cast's 
these ap}H>intmcnts arc fillt'd by clt'rks who 
liavt' gradually progressed to their position by 
long stTvicc and t'Xjierience. ' 

Junior ClerKahIps. 'Phe broad plan 
thus ably skctcht'd is subject in }>articular 
instances (as its writer expressly eonctales) to 
many modifications. A number of horoiigli 
councils, for example, prefer to recruit their 
clerical staff hy taking into their st'rvice, at 
more sulistantilil salaries, youths Ix'tween tlie 
ages of 17 or 18 and 21 ytuirs w ho has t* already 
had some sjarial training for offiet* lift*. In 
such cast's a knowlcdgt* of shorthand anti 
tyfKnvriting. or exjM*rienee in a conimereial 
office. IS usually essential ; and the remunera- 
tion, starting at some* figure hetwt'en £45 an»l 
£70 a year, advances annually £5 or more to a 
maximum of iH(h £1(K), or £120. Promotion to 
higher posts, while always based upon ahJity 
and merit, is in some municipal offices tie 
pendent on the ocjcurrenet! of suitable viwarieies 
Other nuUiorities graduate their staff in thret* 
or four classes, providing that wht*n an officer 
attains the maximum of his chiss his claims to 
promotion to the next may be conHidcred 
irres[)ectively of office vacancies. 

How to Enter. It may lx* useful at 
this stage to consider definitely what steps 
should Ix^ taken by a lad (or by his parents on 
his behalf) for whom a municipal clerkship is 
desirtxl. In the first place, he should lx? trained 
to write a go<Ki clerkly hand, rapid if jx^sHible, 
but, at all costs, distinctly legible. (Jommt'rcial 
arithmetic, and especially the ability to manipu- 
late large masses of figures without a mistake, 
is more valuable to him than uncertain flights 
in higher mathematics. It follows from what 
has been said about the qualifications of junior 
clerks that a knowlec^e of shorthand and 
typewriting and the rudiments of bookkeeping 
are also very serviceable acquisitions. 
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Am H()on an the aMpirant in moderately adept 
in thew! MtudieK, which Hbould l»e in or al»out 
luK Kixteenth year, the town-clerkH of «everal 
Kiiitahh* cornorationn ahoiild lje approfiched. 
'rh<* larger tne horoughH, of oourae, the U*tter 
an* the proHfwetM of a vacancy. From the head 
oHicjal, parlicularg can Ihj obtained an to the 
({ualiheationH required of eandidaten, the ago 
limitH impoaed, anti the method hy which 
va<uncieH are fillerl. if the prevalent practice 
in followed of maintaining a “ waiting liftt " of 
suitable candidates, all that remains is to 
comply with whatever formalities are requisite 
for the insertion of the student’s name, and to 
continiKi his training while awaiting notice of 
a vacancy. It may Ik?, however, that the lists 
are alrea<ly overburdened with prior claims, or 
that appointments are advertised — though this 
hitter meth(Kl is not generally adopted in r<*Hp«H*t 
of office youths and junior chirks. Recourse 
should then lx* hiul to other authorities ; and 
meantime tin* announccmients of municipal 
va<*ancies refi'iretl to in a jirevious arti(‘le 
(|Mige 451) should he scnnmid. and application 
made for such junior |>ositions as are atlvertised, 
until, by either method, a suitable post is 
siicured and the yuiith is launched on bis official 
ca '(*er. 

Prises of the Clerical Service. 

'riie g<*neral scojic of municipal clerkships is 
chiurly indicated by th(* e.xper( we have (pioted. 
I’nder many hiiuhng authorities, however, there 
are higher el(*n(*al posts oeeusionally aecessihle 
OH heads of dciparlmenls, committee secretaries, 
and MO forth. 'Phe t’lty (\)rporHtioji, as already 
mentioned, offers several such prizes. The 
principal clerk of the public licalth staff, who 
has ikl years’ hrilliiuit serviee to his credit, 
n*ceivt‘s £1,S(K) a year, his colleagues in (he 
chiimlwrlain’s and (own-clerk’s office £l,(KK) 
and £115(1 resjKHdivt'ly, and the chief rating clerk 
£85(1. The Metropolitan Wat<T Hoard lately 
advanced a district secretary to a post com- 
manding a salary of £(HH1, and clerical appoint - 
m(*nts worth from £5(K) to £75() a year an» 
similarly won from time to time in almost evt'iy 
busy corfioralion. 

Necessity of Specialising. Such 
prizes are captured by the men who, being 
neith(*r rout ini*- hound nor content w ith the han^ 
(pialitications exact<*d by their work, liave 
HjHH'iulisiMi as their judgment suggesUKl. And 
this course is iHisimtial for the clerk who is not 
imly ambitious, but r(*solvi*d to realise his 
ambitions. Having chosen his work, he must 
HtMlulouKly fit himself for higher office than he 
holds. Is public health to be his forte ? While 
still a jimior he wdll study the statutes and 
bylaws, familiarise himself with the system by 
w'hich they are applied, and by lending a w illing 
bond in the preparation of minutes and reports, 
end in a score of other wa\^, will make his ser- 
vi(*es valuable to the chief clerk and the medical 
officer. Wliatever his department, indeed, he 
will spare no pains to become skilled in the 
duties attaching to it. In the Municipal Ser- 
vice, controlled as it is to a great extent by 
amateurs, there is always need of such expert^ 


and they have good pros|>ects of ( arly advance- 
ments. 

Draughtsmen and Tracing ClerKs. 

These officers, although members of the general 
clerical staff, comstitute a small and special 
H#‘ction, unaffected by thi* ordinary conditions of 
promotion. They are cmployt*d in the depart - 
iiicnts of the surveyor, engineer, and architect, 
in the preparation of plans, and allied work. 
The timings of traemg clerks are small — from 
1 5s. to ^kls. a w'lH^k. Plan copiers earn from 
£1.*MJ to £18(1 a year, and the salaries of draughts- 
men range bt*tween £80 to £1(XI a year for junior 
apjKiintments, and £180 or £*200 for seniors. A 
numljer of draughtsmen and technical assistants 
arc employed by the London County (’oimcil’M 
KUfMuintending architect (of Spring Gardens, 
S.W.), who will forward forms of application 
upon request. These jKists are on the “ un- 
estahlished " stalf, and are remunerat<*d at rates 
ranging from a guinea (for youths) up to 4.J 
guineas a week. The latter figure is rarely 
exceedi*d, or even ri'ached. in this branch of 
the Municipal Service. I'nles.s. therefore, the 
draughtsman has received an outdoor training 
which will (jiialify him for an assistant surveyor- 
ship, his prosrxH'ts arc ri*stricted. 

L.C.C. ClerKships. The foremost of 
local aiitlioriticH, the London County Council, 
recruits its staff of men clerks from lime to 
time hy open competitions, rc.scmhling those of 
the ('ivil Service Commissioners, for fourth-class 
clerkships Thes* examinations arc otK*n to 
British sulqccts wlio arc over 18 and under 23 
years of ag«‘ on the last day lor receiving applica- 
tions— which IS usually a week or two before the 
contest bi'gins. Candidates must be free from 
physical defects, and arc required, if successful, 
to undergo a medical examination befon* being 
appointed. 

Tlie comjHditions are held as ofti'n as a 
further supply of junior clerks becomes neces- 
sary. I’hcy are advertised in the chief daily 
ucwKjwpt^rs for st*veral months lK*forehand. 
l.,atterly, two or throe examinations liave taken 
place yearly, and a score or more candidates 
have b<H*n .selected on the re.sult of each. Now 
that the Council has become the education 
authority for London, it is probabli* that thesti 
numbers will be considerably exe(*f*ded in future. 

Salaries. The .>ubordinate staff of the 
L.C.C. is classitit*d ns follows : 

4th clas.s. £80. rising hy £5 yearly to £100, 

3rd class, £KK), rising hy £10 yearly to £150, 

2nd class. £150, rising hv £12 IOn yearly to 

£ 200 . 

1st class (lower sec*tion). £200, rising by £15 
yearly to £245. 

Ist claos (upjier seelion), £245. rising by £15, 
and then £20, yearly to £3(K>. 

(^rks are probationers for the first year of 
their service, and the annual increment in every 
case is dependent on satisfactorj' conduct. 

Beyond these grades are certain special ap- 
pointments, such as senior assistants (£300 to 
£400), and principal assistants (£400 to £500). 
which are usually filled by the promotion of 
subordinate officers. Fourth -class clerks are 
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promoted to the third-class according to merit, 
and afterwards according to the nature of their 
duties. 

Pension and Provident Scheme. 

Unlike the majority of local bodies, the London 
County Council has a liberal pension and provi- 
dent scheme in operation, to which each official 
“on the establishment'' pays 2J per cent, of 
his salary, being thereupon cr^ited by the 
Council with rather more than double that 
amount. 

The existing staff regulations have not been 
working long enough to disclose what are a 
fourth-class clerk's prospects of attaining an 
assistantship or other special promotion beyond 
the £300 limit. However, in view of the regular 
and fairly liberal increments this employment 
affords, and the probability that the Council's 
activities will continue to develop, the opening 
presented by such a clerkship to a youth of 18 
or 19 is certainly a fair one. 

•Examination Notes. ails of the com- 
petitions for L.C.C. clerkships are furnished by 
the schedule on page 1070. There are several 
supplementary points, however, to which the 
attention of candidates should be directed. 

Competitors arc exemi^t^tl from Part I. of 
the examination if they have passed it at a prior 
contest under the pre.sent scheme, or hold any 
of the following certificates : 

(a) Matriculation at eith(‘r London, Livcr})Ool, 
or certain other l^niversities. 

(h) Cambridge Higher l.^cal. 

(c) Senior Local (Oxford. Cambridge, or 
Durham). 

{d) Higher School certificate. Oxford and Cam- 
bridge Joint Board. 

{(•) School leaving certificate of London Uni- 
versity (or of the Scotch Education Office if 
higher grade was obtained in three subjects) ; 
senior certificate of the Irish Intermediate 
Education Board or Ontral Welsh Board ; or 
Preliminary Arts and Science, Scottish Univer- 
sities Joint Board. 

Examination in General Know- 
ledge. Among the novel features of Part II., 
the most striking is the compulsory examination 
in general knowlege. This is an ingenious test 
of the candidate’s observation, memory, and 
intelligent grasp of facts. Its scope can best be 
judged by these specimen questions from a 
recent paper : 

Whfit do you know of tho voyage of the 
“Bounty,” Bushido, tho Temhle Cornet <*f Horm*. 
the Father-in-Law of turofje, Leander, the 
Magzhen the “ Mayflower,,” May Meetings, Pidgin 
English, the Scourge of God ? 

Explain the phrases : Saiotr faire ; IA$e inajettt ; 
WtH politik j 1U» juditota ; Territorial treUers. 

What do you know of the Round Towors of 
Ireland, the Towors of Silence, and Martello Towers? 

Give the English names for the following places : 
Anvers, Bruxelles, Firenze, Genes. Genf, Koln, 
Londra, Marrakesh, Napoli, Venedig; and state 
wliat nations employ these desigimtions respeo- 
t ively. 

Classify the British Dominions beyond the sea 
aceording to the nature of their respective govern- 


ments, and state as shortly as you can the points of 
difference between the several forms of government. 

Explain precisely why a ship floats in the sea, and 
a balloon in the air, and why it i« more easy to stcHir 
a ship than a balloon. 

Definitely to prepare for such questions as 
these is almost beyond the art of man. 
Occasional readings in a concise enoyclopsedia 
might do much towards it, provided that every 
passage thus encountered is carefully reatl 
through. It will be found that several questions 
in each set relate to topical or political matUM-s 
treated in the daily Prt'ss. But the student's 
best course is an incfirect one ; he must cultivate 
the habit of grasping clearly all that he reads, 
and at all costs avoid the fatal trick of 
“ skimming." 

Papers on Local Government and 
Shorthand. Subject 10 — Outlini>s of English 
local goveniment — is a useful study for future 
municipal servants; but. despitt^ the t<‘xt- 
l>ooks recommended by the (^ouni'il’s syllabuH, 
it is exceedingly difticult to master this tojiic 
unaided. Fortunately, however, several Civil 
ScTvice colleges prepare candidates in this and 
all either subjeets for the L.(‘.('. examination. 

Shorthand is the subject of a s|K'eial memo- 
randum. It may U* taken in Part 11. as a 
special paper, but not for incluhion in the com- 
petitive examination. This course is adopte'd 
lK‘eauKe “ there aix* some positions in tin* 
(’ouncil's serviei'," as the regulations state', 
“ where shorthand is essential, " and as that 
authority sptx'ially reserves the right to appoint 
a eandiaate out of the order of merit if lie is 
qualified for a particular post, a good sb'no- 
grapher may win an ajipointmi'nt, even though 
he takes only a moderate place on tlu' general list. 

It may Ik* added that the Council at time's 
requires the services of t<*mfK)rary clerks, who 
are chosen from a list of suitabh' e anclidat^-s kept 
by the (’lerk. 

"Women Typists. The Lemdon (’ounty 
('ouncil employs some 40 of tlu'se^ ottieials, who 
are selected by nutans of preliminary and com- 
petitive examinations ojK*n to women In'twes n 
the ages of 18 and .30. The* (jualifying b st is 
a simple one, restrietc'd to gc'neral knowledge*, 
including stencil work, and typewriting; but 
candidates who take shorthand and certain 
educational subjeets in tiddition may obtain 
first class appointments as “ HUjKTvisors and 
shorthand -w'riU'r- typists." For C^fiss 11. , the 
rate of i)ay is £5.'), rising by £.’5 annually to lOri, 
and in the upper section U) £80. (3aas 1. officials, 
lieginning at £80, advance by a like increment to 
£l0(i, and on gaining the upfier section, rise from 
£100 to £120. The staff l)eing small, comix*- 
titions are not frequent ; each is duly advertised 
in the London newHpapc‘rH a month or two Injforc 
the actual Contest. Particulars as to the ex- 
amination subjects and the appointments 
generally, can be obtained at the Council’s offices. 
Several other authorities employ lady typists, 
after a qualifying examination, at salaries ranging 
between 2.5s. and 3.5s. a week. 


Continued. 
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SCULPTURE 

Flat Modelling:. The Tools and Groundwork. Casting: in Plaster. 
Mode ling: Natural Forms. Protecting: the Parts in Relief. Animal Study 


By COURTENAY POLLOCK. R.B.A., and P. G. KONODY 


A THOROrCilT knoule^e of diawing (which 
^ is dealt with in a S|H*cial section) is essentia 1 
l)efc)re the student can proceed with the practice 
of modelling. 

Flat M^elling. T) uring the Hist stages 
of the study of modelling, only a limited number 
of tools is m*eded. though, when the student has 
aequii*ed some proHeieney in handling clay, he 
may possibly find others which may 
suit his particular work. For relief 
modelling, the following are all that 
are need^ : 

An easel about o ft. in. high, 
strong, and of the ordinary typ(\ with 
holes and pegs, with a board 20 in. 

1)^ 4J in., t<» place* across the }x*gH. 

Upon this you rest your working 
slab [18J. 

A wooden slab about 18 in. square, 
clamped at the hack by two pieces 
of wood to prevent warping by tlvc 
damp clay. Round the edges of the 
slab a Ix'ading should lx* fixed, so that 
it rises J in. higher than the shili 
1 13 and 14|. 

A few wood(‘n tools are enough to 
begin with. C'hoosc those of simple 
form and light to hold. Thos,* shown 
in 15 are recommend<*d. Tliey can _ 
he had at any artists' repository. The ^3 
slab should lx* made by a earfx'nter 
or joiner, who might, in fact, make the whoh* 
easel iu*cording to instruction. It is cheaper, 
and may be stronger than tliosc sold by artists' 
eolou*'men. 

A pk*c*e of damp cloth, or a sponge, on which 
to damp one's fingers, or to keep them clean 
while working. Also, a piece of waterproof 
cloth large enough to cover tlie model, to pr<*vent 
drying. 

Clay. Clay can lx* obtained in 
2 cwt. tubs. Get the liest modelling 
clay, w*hich is of a light grey colour, 
ana, w^hen fired, changes into w'arm 
buff. See that the clay is kept damp 
and of a consistency that allows of 
easy handling by the fingers. If it 
gets too dry, it is tiresome to mani- 
pulate, and does not adhere easily. 

With these materials before you. 
you may begin work by filling the 
wooden slab w^ith clay. It is sha^xxl 
something like a tray with raised edges. Press 
the clay firmly into the slab, filling it entirely 
and solidly — leaving no holes — and press down 
with die hands to a level ve^ slightly higher 
than the surrounding border. Take the straight- 
edge shown upon the easel 1 18], and level dowm 
the clay by pressing the straight-edge backw ard-s 




and forwaixls over the surface, the ends of tlie 
straight -(xlge resting on the ixiges of tlie slali. 

When the clay surface is quite smooth, jilnee 
the slab upon the east*!, and begin to draw your 
ornament upon it with one of the straight tools, 
which must lx* held frt*ely lH‘tween the thumb 
and fingers, as in draw ing with eliaveoal, not as 
one would hold a jx*!i. Draw lightly, and it 
will lie easy to correct mistakes. 

Laying on the Clay. Take now 
some fresh clay, roll it into lumps ot 
convenient shape and size, and lay it 
n|K»n the drawing, filling in the out- 
line and adding when* it is ntH'i'ssarv 
to obtain the reqniiod height of r(‘lief. 
Tse the fingers as much as possible. 
Tools only .serve ns a hel}). 'riu* more 
yon use your hands the more quickly 
will you b(‘<‘om<* accustomed to the 
f(‘(*] ot llu* (‘lay. and you w ill gain in 
precision. Tin* fingers should not he 
wetted more than is necessary to kei’p 
them clean. You will learn nothing 
by smoothing the surface of yoni 
work. The essential point at fiist Im 
to (‘ndi‘nvour fully. to nnderKtaiuh not 
only the shajx* of tin* flat outline, hut 
ami this is more important —t Ik* shape 
and relative projection of (*very part, 
noting th(*ir mutual relation, ami 
striving to imitate tins, so that your 
own modt*l shows exai^tly the same light and 
shade as the (*xample 3x111 eoiiy. 

Wliile working, you slioukf kei'p your model 
and your own cop3' in the same position, without 
turning th(*m to get a variety of views ; although 
this may he done when you havx* carried yout 
work to a point at which you begin to feel 
satisfied that it is a good eojiy. At Ihis stagi*. it 
is h(*lpfijl to turn l>oth imxhdH upside* 
down. You will probably see at once 
that your copy is not as goexi as it 
Hpfx*nred in its original position. Do 
not, however, work in any hut tin* 
original positicjn. Having onei* satis 
tied yourself where you are wrong, 
turn both mcxlels to their upright 
fKisitions and proe(*(‘d, eorreeting tin* 
mistakes from a diligent study of the 
ixiints where you hav«* (.tiled. In 
tliis manner, the eye will soon 
iK'Come quick to notice errors in 
prmKirtion and drawiim. 

Examples to Copy. For el<*m(mtarv 
work, one cannot do Ixjtter than s(x*ure a few — 
say half a dozen — simple casts, such as the (jJnx'k 
examples, or the costs taken from fiothie stone 
carvings [1-12]. Avoid complmoted designs; 
their intricacy does not tcaelimuch. Tlic models 
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should be simple as reoards general outline, and 
rather bold in relief. Avoid geometric designs ; 
tlu*y are often quite useless, and are never 
interesting to copy. 

Cantlnf In rlMtor. Tools must again 
Ihj considered first: 

An ordinary “ crock ” bowl, such as those used 
for boiling puddings. Choose a large one, of 
about 12 in. in diameter. 

A galvanised iron spoon, such as is used for 
basting, to stir your plaster ; a wooden mallet, 
small and light, and two chisels, one broad and 
one fine. 

A small <|uantity of oil — sweet oil, linseed, or 
olive— the latter is licst. Some raddle, blue 
fKiwdcr colour, or ochn*, tied in a piece of muslin, 
and two ordinary soft hog-hair f)aint biushcs— 
one large, for w'ashing out the inside of the 
mould, the other small, for applying the oil. 

It is necessary to have a go^ water supply at 
hand, and also a few pieces of square iron rod, 

8 in., cut in lengths of from 15 to 25 in. These 
are useful sometimes to let into the back of the 
east to strengthen it, although they are not 
always neccHsary. 

S4)me soft soap. A pound tin will last some 
eonsidm’ahh* time. ^ j ' ' 

A steel tool, such as 
is uscMf by plasterers 116]. 

'IliiH is necaed to retouch ^ . 

the cast where the chisel 
Iras scratched or bruised 

the surface during tlie re- '’C ^ 

inoval of the waste mould, 
and can Ire trough t at any 
good cutler's, one Ireing 

sufficient, if well shaped, as 15 jiodku 

in illustration. 

For this fine casting, 

n<rne but the Irest ^ 

I talian plasU^r should 

Im* inuHi, which is oh- 16. steel l 

(atnahle at aiw Italian 

plasterer's. Ine “best plaster ” sold by oil- 
stores or colourmen is quite unfit for the 
purpose. Buy your plaster in half bags, and 
keep it in a very dry place, 

MAking the Mould. Before the casting 
is proceeded with, sawdust should be spread 
upon the floor, to prevent the splashes of plaster 
from adhering to the floor boards. 

Supposing Uie clay model to be 18 in. sq., it 
will he sufficient to fill only half of the bowl with 
(dean water. Into this water dip the small 
muslin bag containing the dry colour, and leave 
it there for a few seconds, removing it when it 
Ims tinged the water with a dark colour. Take 
the plaster from the bag with your hand, and 
allow it to sift quickly through the fingers into the 
('oloured water, until it rises to a level almost 
with the top of the water. At once stir it 
vigorously with the spoon, using the action you 
wtiuld employ when beating an egg, but keep 
the spoon below the surface, or you will throw 
tb^laster about. 

The operation must be done qnickl^r, or the 
plaster will become lumpy. Do not stir whilst 
filling the bowl, as this may render the mixture 
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cmite uselees. Place yoor clay model flat upon 
^ table, and, for oonvenieiioe, place strips of 
clay round it to form a wall ab<mt an inch ntg^. 
Pour the coloured plaster over it quickly, com- 
pletely covehi^ the model. Take it up, and, 
nolding it horizontally, shake it quickly back- 
wards and forwards, and from side to side. Then 
at once pour ofl the plaster into the bowl, leaving 
a thin coating on the clay model. Air bubbles 
are then removed by blowing into the cavities. 

Protectinf the Parts in Relief. Again 
pour on the contents of the bowl, and. after 
raising and lowering your model so that the 
plaster shall flow over all the surface again, 
pour off the superfluity very gently, and let the 
model rest. It is advisable now' to take a little 
plaster from the bowl and drop small lumps upon 
the highest points of the relief. This will protect 
the high parts, and, in the chipping away of the 
outer white portion of the mould, indicate the 
nearness of the actual cast. Leave the model 
for about 8 or 10 minutes, until the plaster is 
quite finnly set. In the meantime, clean vour 
Ik)w1, and nil it again with water, w'ithout using 
the colour 

Before proceeding to thicken the mould with 
the white plaster, brush 
lightly over the coloured 
coating with oil, using the 
— _ small brush. Very little 

oil should be used, or the 

coloured plaster of the 
' mould may come away 

from the white too early, 
Yuin the cast. 
Now fill the bowl to within 
[NO room water, and 
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sift into it the white plaster, 
riddling it through 
^ fin^rs as before, 

^ until it appears on 

STEEL PLASTER TOOL the surface ; stir well, 

and pour it over the 
coloured coating to a thickness of about ^ in., 
increasing this at the edges, to strengthen it. 
If the clay model is in high relief, and the 
mould thin in placet, it may be necessary to 
place two or three pieces of the iron rod round 
the edges, and a couple across the back, fixing 
them in position by dropping a little plaster 
upon them hero and there [ 17]. 

Removing the Clay from the Mould. 
When this is set hard — which should occur 
in 15 minutes — turn the whole over upon its 
back and remove the wood slab. Should this 
be difficult, a little water should be run in 
between the board and the clay, after the re- 
moval of the small clay wall which was added 
before beginning the mould. Take out all the 
clay, using one of your wooden tools where the 
fingers cannot reach. Be careful not to scratch 
the surface of the mould. Then wash out the 
mould with plenty of water, using the larro 
brush. Every particle of clay must be carefully 
removed. Now take some soft soap, and, having 
rinsed the mould thoroughly, lath^ it well with 
the Inrush until the surface has a good shine. 
Pkntifu] use of soap lathor will sometimes do 
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away with the me of oil, but it i» advisable to 
pass a little oil over the projecting {tort ions of 
the mould, to facilitate the removal of the 
(‘oloured jKirtion in the process of chipping it 
away. 

The operation of tilling the mould and draining 
the plasU‘r off again, is now repeabKl several 
times, until the fi^h plaster is about 1 in. thick 
all over. It should be given time to set, as the 
cast might crack if chippt'd too soon. 

Chipping. Now turn the whole over and 
lay it upon some soft material, say a sack. With 
the broader chisel, chip otf the* iron ro<is and the 
thick covering of white plaster. Tlic high point.'* 
of coloured plaster will appear first, and thu.s 
indicate the thickness of the ])laster to Is* re- 
moved, and give roughly the outline of the 
design. R^^move all the white jxution of tla* 
mould : then, very delicately tapping with the 
small chisel, gtntly remove all the coloured ccait- 
ing. The amount of retouching r(*quired will 
dep(*nd on the degrtn^ of care excrcistxl. 'I’he 
very small pieces of the mould are 
removed with the small end of the 
steel tool shown in 16. whi< h is also 
used m tilling in with fresh plaster 
scratches and abrasions made hy the 
chisel. 

Modelling from Natural 

Forme. When the student has 
acquired fair skill in handling the 
clay, he should seek suitahle forms 
in Nature for study. The diligent 
study of foliage, flowers, and tr(‘e- 
growth — in fact, of practically every- 
thing m Nature that the student 
can intelligently c(>py-“will help him mon* than 
a lifetime s|M*nt in making copies of other 
[K*ople’H work, however good they may Ik*. It 
will give kn(twled(jf, wliieli is the most j»otent 
factor in the education of an artist. 

Small sprigs will do for the lK‘ginning. It is 
not at all necensary to select a sprig on which the 
leaves seem to grow in a pleasimt arrangement. 
Take any sprig that lias not Ixim damaged, no 
matter how' ill-balaneed it may seem. Nature 
doc*8 not make mistakes, and you are not design- 
ing now', but learning the growth of Nature. 
Tlie springtime affords amfile opportunity for 
studying development in Nature, 'f'he gra<lual 
development of the leaf- buds, for instance, is 
irresistibly intert*sting. Take a sycamore bud 
and look at it carefully, noting the angle at which 
it grow's upon the stem, and oljserving how' the 
leaves are bursting through their cover in the 
most wonderful forms. 

The student cannot do better than stick 


some of these buds on his clay slab and make 
a nunilH*r of studies of them, till liis meinorv 
has retained the forms from the bud to the full 
leaf. The same minute study should lu* eanuxl 
into the consideration of the stems and tninks 
of trei's. In some eirses, when* the detail is 
too tine for clay, |K‘neil studies will be found 
hel[)ful, but one can. as a rule, correidly sugge.st 
the detail, if one understands what one is copy 
ing. and is satistitnl as to its shajx' and apjxMir- 
anee. The lx‘autiful flower known as “ Love in 
a Mist ■* IS a gcKxl instance. It is quite im|x)>- 
sible to copy every bit of the line, fibrous mass 
which surrounds tin* flower, but eart'ful observa 
tion and a little tbouglit will enable the stmleiU 
to reprt'sent it. by suggestion, on his clay. Hovn 
ever. f(»r the jmrpose of learning bow to vnnid 
plant form, it is lx*st to select plants of simple'. 
ix»ld form, and to de|x‘nd more* upon pencil 
studies f(»r learning the plant itself. 

Animal Study. Tin* study of animal 
forms should follow that of plant form. Several 
books have Is'cn published eontain 
ing ])liotogra)))is of animal lib', but 
we cannot recommend llu' practue* 
of working from such plate's, iH'eaiisc 
the })lu)tographH do not siiflicK'ntlN 
e\I>lain themselves, and their study 
IS neither interesting nor very iii 
struetive. If very good and cleai, 
and ot f.iirly large si/e. they may Ih* 
u.seful at times in ntlording oppoi- 
t unities for studying such details 
are not afleeti'd hymovdin'iit; hut it 
infinitely preferahh* to study from 
the living siihjeet, and not at all 
iK'ces.sary to make the studies in the clay direct, 
in fact, the student will learn more (juickly it 
lie defx'ncls upon pencil stiidii's wIk'U woiking 
from live animals. Such studies allow him to 
record inovi'incnts. and conHcijiicnt change of 
surface form.s/ which an' impossihU' to make 
note of in clay. 

I’he constant iiioveineiit of the animal may Ik- 
troublcNoim'. When you have sei'/.ed th(‘ cham e 
fdb'redhythe animal's lying down, and have hall 
eomf/let(*d the drawing, the rmxh*! will change tlie 
pose (*f its head, or rise and seek a more (*nm- 
fortnble |K>vition. This nwd not worry you. Iftlu? 
unfinished drawing has IxxTi done with eareaiid 
thought. It is UK(*ful, and has taught somethiiig. 

Many students eonsidc‘r a study irK'omplete if 
it is fragmentary. This is an error, d’o learn 
what an animal is, and how it moves, it is not at 
all nee(*HKary to maki* laborious drawings of the 
complete creature ; much may he learnt by 
quick and limited notes.” 



Omtinued 


1210 




0roop it 

MECHANICAL 

ENGINEERING 

9 

Am4Kt> VCtHAVUV 
umtiiiiurd from pogt 1<M0 


APPLICATIONS OF HYDROSTATICS 

The Hydraulic Cylinder and Ram. Hydraulic Jacks of Various T 3 rpes. 
The Punching: Bear and Wheel Press. Hydraulic Lifts and Cranes 


By JOSEPH G. HORNER 


Hydraulic Rmma. Pursuing the applies* 
tionii of hydrostatics into varied moohanisms. 
we find that the most important is the hydraulic 
cylinder and ram. In this appliance a solid 
ram or plunger fits within a cylinder into which 
watcir uncltjr pressure is admitted, thereby 
cauH'iig movement. The cylinder, or els© the 
ram, is set in motion thereby. Generally it 
is the ram that moves, as in the hydraulic 
platform or station lift, and in baling presses, 
or flang'ng presses, types of a hundred other 
machines. But sometimes the cylinder is made 
free to move over the fixed ram, the alternatives 
Iwing matters for convenience. Obviously, too, 
the jKisitions of the mechan’sm are of no import- 
ance. Though in most cases set with the axis 
V(‘rtically, they are often horizontally, and in 
H(»me cases inclined. Also the lift may be direct, 
the table platform, or platen, being attached to 
the head of the ram. Or chains may be brought 
round pulleys at the head of the ram, and, with 
suitable anchorages, used to impart motions 
that are not in a direct line with the movements 
of the ram. These occur in jigger hoists, and in 
many kinds of hydraulic cranes. Pressure is 
also often transmitted by jointed or walking 
pipes instead of rigid ones, to avoid having to 
ivconnect, as in hydraulic riveting plants. 

It should now l>e readily seen that, given the 
foregoing elements, capable of producing strong 
pressure find transmitting it by a liquid which is 
practically incompressible, enormous possibUities 
in application are opened up. The following are 
a few examples which are selected from a much 
wider practice, and each of which occurs in 
machines the details of which are modified in 
many w'ays in the hands of different manu- 
facturers. 

The Hydraulic JacK. This is a 
simple machine for gaining enormous power, 
but with its aocompaniment of very slow move- 
ment, resembling in this respect the differential 

f nilley blocks. Both are invaluable w'hen heavy 
oads have to be lifted by human energy alone. 
The jacks will lift locomotives, ships, nridges, 
by the operation of a hand lever, and in m^i- 
tied forms they will push loads slowly. They are 
emergency tools out of doors, where cranes are 
not available. Their general construction is 
shown in 148 , which represents a Tangye 
lifting- jack that combines two functions in one — 
that of lifting on the bead A, and also on the 
foot B, the latter being an invaluable addition 
when there is little space between the object to 
be lifted and the ground. The oonstruotion of 
the jack is as follows. 

C is the body of the force-pump, and D its 
ram, actuated by the lever E, orawing ^e 
water fiom the cistern F, by the pressure on 
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which between the ram Q and the casing J 
the Utter is forced upwards. In the force-pump 
CD wo recogn'Bo the same type of pump that 
was illustrated in the previous article [page 1083]. 
The difference in the area of its ram D and 
that of the ram G of the jack represents the 
theoretical gain in pressure. 

Operation of the JacK. When in 
operation, the cylinder J should first be down 
to the bottom of the ram, as shown by the 
drawing. The cistern P is then filled w'ith 
liquid, either by removing the cover A or by 
taking out the charging screw' H and filling 
through its hole. Clean water must be used, 
or rain water, or condensed steam w'ith J oz. 
of soda added. In cold weather glycerine is 
added to the water to prevent freezing— one 
part of glycerine to three of water. The low^ering 
screw, or stop-valve K, is then unscrewed, and 
the lever E. pivoted at d, worked a few times, 
by which means water is forced through the 
pump into the space L, and any air present 
passes through the valve K into the cistern P. 
A little more water is added through H to take 
the place of the air driven out. The air-screw 
M is left sbghtly opened all the time to allow 
freedom of escape to the air. The cylinder J 
rises on the ram G until the water comes out of 
the blowhole N, though it is not well to lift 
to the extreme limit, as the leather packing (r) 
is liable to become damaged. 

To lower the jack, the screw K is sUckened, 
which leaves a free passage of the liquid from 
L to P. If the height to which a load has to be 
lifted exceeds tiiat of a single “run-out " of the 
jack, then the jack is raised on blocking, and 
another lift taken. 

There are a good many practical points about 
the working of these jacks, but only one can be 
referred to here — the care of the leather pack- 
ings (r). Nothing yet has been substituted 
successfully for leather, so that the old saying 
“ nothing Hke leather “ is in this connection 
absolutely true. A peculiarity to be noted is 
that the leather is cupped in such a way that 
the harder the pressure the more tightly is the 
leather pressed out against the walls of the 
cylinder. Sometimes even a leather which wiU 
be leaking when a ram is doing no work will 
cease leaking as soon as a load is put on. The 
troubles to which leathers are liable are mainly 
due to their drying and shrinking. Next to 
these the presence of grit is most harmful. 
When leathers have to be cleaned they are 
taken out and soaked in water or oil. 

With regard to lifting a load on the claw B, 
it is obvious that the fun load which can be taken 
on die head A cannot be put on the claw. It 
is, therefore, not judicious to cany more than 
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25 por cent of Uie jaok'kMid on the cUw if the 
liftii^ be a high one. For a ihort lift nearly the 
maximum load may be carried with safety. 

Modified JaclU. Around this simple 
mechanism, which is but a modified form of the 
(essential Bramah press, engineers have built 
many designs, a few of which we shall now 
notice . Borne of the reference letters are 
retained in the subsequent figures for the 
purpose of ready identification of similar 
parts. 

(liven the jack iiself, one of the first improve- 
ments effected with a view to increase its 
range is to impart a horizontal motion bodily 
to it — the traverning j<ickf a movement effected 
by a screw. An object after being lifted can 
thus be moved along lx>dily within a limited 
distance. 

Ship JmcKa. Jacks are utilised for lifting 
ships, hence termed ship jacrks [149], though, of 
cours<% suitable also for bridges and other heavy 
works. Here we reccgn»se the force-pump, 
but Si^t in a horizontal direction, and operating 
a vertical ram. But while the jack in 148 is 
made for loads up to about 50 tons, the ship 
jack is made as high in power as 400 tons, 
which explains the enormous disproportion 
in the diameter of the rams D and G m 149, 
the drawing Insing made to scale. Note also 
the great thickness of the metal in the cylinder 
J wnich encloses the ram, and receives the 
pressure tending to runture it. The only other 
differences that need noted are the form of 
the packing leather, and the safety-valve in 149. 
The leather (r) is of the U section, tiiat being more 
suitable than the cup form in 148 for withstanding 
enormous pressure's. The w'eighted safety-valve 
lever O, though often omitted, is desirable 
l>ecause of the severity of the pressure, which, 
if much exceeded, might rupture the cylinder 
or Uie pump. The power of this small jock 
is thus equal to the lining of four of the largest 
locomotives with their tenders. 

Pulling JncKa. In these examples the 
power is applied to the exercise of thrust or 
push, but it is equally applicable to a pull. 
A special form, therefore, is the pulling type [150], 
There are confined spaces where even Uie snug 
pulley -blocks cannot be used to pull a load, 
as in shaft tunnels, and sometimes in the en^ne- 
rooms of steamers, and then the pulling Jack, 
operated by a pressure pump, is a boon to the 
men who have to execute hurried repairs. 

This jack has the same cistern, force-pump, 
and stop-valve, but a tube (G) takes the place of 
the ram, and the water pumped from the cistern 
imsses through the bore of this tube to the under- 
side of the piston. The latter forms an en- 
largement at the end of the tube, and has a U 
leather packing (r). The eyes fitted at the ends 
are in union, one with the cistern and thence with 
the tul)e, the other with the cylinder for connect- 
ing to the work, and to any suitable pont of 
attachment. In operation, the tube is drawn 
out as far as is required, and the act of pump^ 
pulls it in, drawing the work along with it, Th9 
jack is used indifferently in a vertioal or hori- 
Bontal position. Machines of this kind are made 
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with powers as high as a 25-t<Hi puD, with a maxi* 
mum nm-out of 36 in. 

The Punching Benr. Nor is it only in 
pushing and pulbng Hiat the coercion of pressure- 
water is in evidence. The same essential 
mechanism — that of the small ram of a pump 
and the large- power ram — ^are used for punching 
holes through steel, and for shearing the edges 
of steel sheets. Fig. 161 shows one of the 
first variety, which is made by Messrs. Tangye, 
of Birmingham, a most useful machine, termed 
the punching bear. Its utilities lie in the for- 
mation of hmes in girders and other plated work 
in localities which do not admit of the utilisation 
of the fixed power operated machines. A man 
or two men can handle this machine, yet it 
is powerful enough to drive rivet-holes through 
iron plates } or 1 in. thick. 

The top lever E actuates the force-pump, and 
sends pressure- water into the chamber above 
thi' ram (J, pushing the latter down. The punch 
P being fitted into a hole in the latter partakes of 
its movement. The function of the lower lever 
Q is to raise the ram and punch, previous to 
which the stop- valve must be opened to allow 
of the escape of the water back into the cistern. 

Around this design many larger punching 
machines are built for special work. They include 
machines for punching tram rails, girders, 
channels, and copper sheets. Some are portable, 
being mounted on wheels for movement to 
work in progress, on railways, and in streets. 
Some have so little resemblance to others that 
a superficial observer would hardly see the re- 
lationship, but they all embody Uie same prin- 
ciple — that of the Bramah press. Some, too, 
are used for closing rivets. Also, by substituting 
shear blades for the punch and its bolster, we 
have the hydraulic shearing machines, a large 
group. 

The Wheel Frees. This is a machine 
for pulling railway wheels on their axles, and 
taking them off by the simple exercise of water- 
pressure. The wheels on their axle are slung 
between heads, which afford the necessary 
resistance to the water pressure. They are 
capable of exercising total pressures ranging 
from 80 to 200 tons. Many of these are work^ 
from an accumulator. 

Bolt Forcer. The same principle is 
adopted in the bolt forcer [ 152], a small machine 
which pushes bolts tibme, and rusty ones out 
of their holes. They are capable of exerting 
ressures of from 20 to 75 tons on a refractory 
olt. The ram here (G) is hollow, to receive 
a steel drift (P) whioh is forced along by the 
ram agiunst the tail of the bolt to be pushed out. 
The resistance is taken by the arms or claws Q, 
two in number, so flanking the bolt on each 
side. A propeller shaft with a bolt about to be 
forced out of the flange is indicated in dotted 
outlines. The arms (Q) have handles for liftW 
and transportation. ]^g8. 149, 160, and Ira 
illustrate examples from the practice of Messrs. 
Youngs, of Birmingham. 

Another machine forces the big propellers 
of ships off their shafts hv the pmnaaive power 
of a little water judiciously apjSfied. 
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Yet anotlier group identical in principle of 
operation include the bending and Btraightening 
machincB. These may often be seen in the 
streets where tram-lines are being laid down. 
Pressure either to bend or 
straighten is applied l>etween the 
end of the ram and a pair of 
claws, or hooks, opposed thereto, 
and to right and left, the rail 
being gripped between so that 
the pressure takes place at thrt‘e 
points. Pressures of 40, 50, or 
60 tons are thus obtainable. 

In tlie shops there are larger 
machines ustKl for straightening 
steel l>eams, precisely the same in 
essential mechanism, but dilTering 
in outline, lading hxed on massive 
l)ed-plates. When steel girdei*s, 
joists, bars, and other sectional 
forms have to l)t‘ either bent or 
straightened, this is not done by 
the brutal method of hammering, 
but by squeezing. The machine 
may be described as a hydraulic 
Jack (the ram) so mounted as 
to push the girder or l)eam in 
opposition to t>w) |H)ints of resis- 
tance. Being under control, the 
pre8sur(‘ can be arrest (‘d when tlu^ 
iK'am is titluT straightened or 
lH*nt to the curvature required 
Presses Using Accumu- 
lators. Tlie memlH'rs of this 
group are as numerous as tliose 
we have alreatly considered, and 
they are generally much more 
massive in form. Tnc most familiar arc 
those for lifts tor pasHcngers and goo<ls, for 
pressing or i)aling. Hanging, sejuee/ing and 
I educing steel ingots, shearing steel 
iilatcs. and making forgings. 

Baling Presses. 
These are s mply an 
adapt at ion of t he 
common 
plat form 
lift de- 
sign. For 
the plat- 
form, the 
pressing 
r table, or 




on oveiy* stpiare inch. Hay' is pressed thus 
into a bulk onc-sixth that of the original truss. 
The motive jHiwer is still the torco-pump 
and accumulator actuating the ram V in the 
figure. This very simple piece of squeezing 
mechanism tills a large place in many indus- 
tries where articles such as fodder, hops, and 
hay' are pressed in bulk for export ; luid for 
extracting oils and juices from fruits, as olives, 
almonds, linseed, castor InTries. and ra}K\ In 
some pres.st*s provision is included 
^ for binding rojH‘s round bales 

they’ all* Inung com}>ressed. 
Sometimes boxes are list'd 
shown, and in other 



‘ ' 

ij\ cases arc 


according to the naturt' of 



167. HVDBArLIC CRANE 
movement and the head B of the 
fixed above, the loose material is 


platen .\ 
[163J is 
s n b H t i- 
t u t e d , 
b ct ween 
w h i e h. 
in its 
upw’ard 
machine, 
pressed. 


often with a force of from two to three tons 


not. 

Ihc material. 

Flanging Presses. Tht'se an* a speeial 
variant on tlie baling press and kindrt'd types. 
They contain more mt'clianism, in the form of 
subsidiary' sidc-rniiis, that pusli the boiler plate 
to be flanged up against one die, which is fixed, 
following which the main ram pushes the 
flanging, or movable du^ up, so In'iiding over the 
edges of the plate against tlie fix<*d ram. 1’lie 
firi'-box and tu Ik*- plates for locomotive an<l other 
boilers are turned round thus, instead of Hanging 
them by band, the jiroeess occupy in g a few 
minuti's against liours required wliin they an 
clone by band liammers. 

Fig. 164 illustrates a Hanging press by Fielding 
& Flatt, Ltd. The cylinder und ram are below 
the ground, as in the baling press, but only 
the to|> of the ram is showui in the 
figure, at A. This lifts the movable 
plate B. which carries the lower 
Hanging die (' on stools, which die 
flanges or turns over the edges of the plate (i 
against the edgi s of the ujqier die D. I) is 
carried by stoo’.s against the fixed plate E, 
which thus resists the pressure of the lower 
plate B. E is, however, adjustable in height 
to suit different pieces of work and different 
thicknesses of dies. Before the actual 
Hanging of the plate U fakes place, the 
plain plate is hrou^t up and hold against the 
upfXT die D by the plate H. which has a vertical 
movement inde[>endent of that of B through 
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four sniAlt hydrsuUc rams J. The object of thk 
provision, ^tinct from the squeezing, is to 
permit of making precise adjustments of the 
plate before flanging it. Hundreds of these 
machines are in use, doing work with a silent 
sque(?ze better, as well as more quickly, than 
hand work was ever capable of doing. 

Forging Preooes. These form an im- 
mense group, comprising machines more or less 
specialised. The largest forging press in the 
world is the 14,00()-ton press of the Ilethlehem 
Steel Works. There are some immense pressi^s 
in Sheffield for forging down ingots for armour 
plates. Esscmtially they comprise the ram and 
cylinder. They have entirsly displaced steam 
hammers for the most massive work. It would 
impossible to forge the big propeller shafts 
and the guns and armour plates by steam 
hammers with sound results, to say nothing of 
the concussion of hammers, which does not 
exist with presses. 

In forging pnmes are included large groups 
w'bich dttal with comparatively lignt work, 
which they bemd and mould in all conceivable 
shap(!H. At the Swindon O. W. R. Works and 
cilsewhero there are numbers of those presses 
in a great shop in silent operation making 
buffers, horn blocks, and the numerous forgings* 
required for carriages and waggons. 

Lifts. In the direct-acting lift [155] the 
hydraulic cylinder A is sunk in the basement. 
Hy the admission of press ii re -w'ater from the 
accumulator, the ram fe is lifted. As it carries 
the platform (' on its upper end, the platform 
partakes of the lift movement, and is carried 
up to a distanw* corrtnijionding precisely with the 
amount of vertical travel of the lift. The 
descent is accomplished by gravity, by letting 
out the waU;r, the rate of which is under control. 
The capabilities of this simple mechanism are 
almost without limit. Two extremely powerful 
installations of this kind are the canal lifts at 
U*s Fontinettes, and on the Canal du Centre, 
Ik^lgium. In the latter a trough of water, 
weighing 1,100 tons, and containing a barge, 
is lifted to a height of 50 ft. in 2| minutes. 
This load is sustained by one ram 6 ft. 0} in. 
diameter, and the pressures is 470 lb. to the^ 
square inch. On the Neuffoss^ Canal, at Les 
Fontinettes. similar lifts, but weighing 700 tons, 
are lifted 43 ft. 

Hydraulic Cranes. As these were the 
first meohanisros to which water pressure was 
applied (by Armstrong, at Newcastle), so they 
are still used to an immense extent for light as 
well as heavy loads. Details vary widely from 
the plain t vpes shown in 156, 157, to the vast 
coal- tips which lift a 20- ton waggon of coal, tip 
it, and return the waggon to the rails in a 
minute. 

The crane shown in 156 is of the direct-acting 
type — that is, the jib A with its load is lifted by 
the upward movement of the ram B. The jib 
is storied by the rods C and roUers D above 
and below against the poet £. The rotation of the 
jib is accomplished by another ram (P), set 


horizontally, and moving a rack (6), turning a 
wdieel (H) thatenciroleB the poet £. More often 
a chain is used for tumiim, as indicated in the 
skeleton drawring 157. In this example the 
lifting of the load is done with a fixed jib. The 
ram is shown at the top of its stroke, and its 
movement draws the rope or chain round the 
pulleys shown, so lengthening or shortening the 
lift at the hook. 

Other Applicatlone of Hydrostatic 

Preeaure. The foregoing is a small but 
representative selection of the utilities of power- 
water. The following is a short summary only 
of other wa 3 r 8 in which hydrostatic pressure is 
eumloyed in engineering structures. 

It is applied in many turning operations, for, 
as we have seen, the cylinders can be arranged 
in any positions, and connected by chains or 
racks and pinions to the parts to be moved. 
Hence we have it working the steering gear of 
the largest ships, for which hand power would 
be utterly incompetent. Large swing-bridges 
are operated similarly. There are many of thesis 
in existence for road and railway traffic. One of 
the latter, over the River Ouse, at Goole, weighs 
(170 tons, and is actuated by engines having 
three cylinders arranged radially, and worked by 
water at a pre^ssuro of 700 lb. per sq. in. One 
over the River Tyne weighs over 1,200 tons. 
The huge bascules of the Tower Bridge are 
raised and lowered by hydraulic engines, besides 
which the hoists for taking foot passengers up to 
and down from the high-level footwa 3 r 8 are 
actuated hydraulically. 

Dock gates are opened and closc*d by hydraulic 
rams, arranged horizontally, and connected with 
chains to the gates. In other cases the chains are 
wound on to, or unwound from, drums by 
hydraulic engines. l>ocks having 0 |>ening 8 as 
wide as 100 ft. have their gates optmed and 
ck>Hed thus by pressure-water. 

Big guns are also manipulated hydraulically, 
and the recoil also taken thus. 

Mention has been made of the hydraulic 
punch, the shearing and flanging machines, but 
these are only faintly repn^s(*ntative of the vast 
utilities of the pressure -abater in our factories 
and on public works. Number* of distinct and 
separate types of machine tools, some fixed, 
others portable, are in use in nearly every big 
engineers’ works and on great public structures. 
A modem boiler is never built without the aid 
of these tools ; seldom, if ever, is a bridge erected 
or a steel ship constructed without their having 
a big share in the w^ork. It would be difficult 
to say which is the more useful — the heavy, 
fixed machines, or the lighter, portable kinds. 
The latter enable many operations to be per- 
formed that a few years ago were deemed impos- 
sible except by hand work — operations done in 
awkward situations and where the work is too 
massive to be taken to any machine. Holes are 
punched and drilled, rivets closed, and steel cut, 
control being exercised by the movements of 
simple valves operated by handles. But Uie 
power beiiind it ail is the pressure-pump and 
the accumulator, with its storage. 
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COOKERY HOUSEKEEPING 

Kitchen Requisites. Kitchen Ranges and Gas Stovea A Market- 6 

ing Guide. Care of Kitchen Utensils. Substitutes for Scales < fr..m 


A PROPERLY. EQUIPPED kitchen i« a 
^ matter of no little importance. Any 
apparatus which time, labour, or money 
Having should be eagerly sought after by an 
intelligent mistress who wishes to facilitate the 
cook's work. Nowadays, most of the neces* 
sary utensils are well within the moans of the 
average housew'ife, if she does not allow' herself 
to be tempted by the showier and more expensive 
varieties of the same thing. On the other 
hand, very cheap goods are not true economy. 

< )n all sides one is met by fascinating, artistically 
coloured enamel -ware, often labt'lled bargains." 
In many cases the enamel cracks the first time 
they are u.sed — notably the frying-pans. Once 
cracked, it will burn easily, and not infrequently 
fragments get into the food, which is, of course, 
a source of great danger. There is also a risk 
of arsenical poisoning wdth inferior c*namel. 

UfteleM Utensils. Very cheap tinware 
has much the same objection — spouts drop olT, 
and handles come out if used for any mon* 
powerful heat than a spirit lamp ; though good 
Idocked tin is a light and very useful metal for 
fish-kettles, light tea-kettles, etc.— providing 
rust is cart»fully guarded against. 

( hpper pans are most durable. They arc hand- 
some in appearance and excellent conductors 
of heat ; but they are expensive, and the greatest 
care must bo taken to keep them scrupulously 
clean, and to note that the tinned lining does not 
get out of repair, or fatal cases of verdigi'is 
poisoning may occur. 

Perhaps the seamless sanitary steel pans nre 
as serviceable as any. Tlicy are practically eve r- 
lasting, easily re-tinned, andlcms expensive than 
ct»p{)er. There should, of course, l)e a few tinned, 
and enamel -lined iron ones for harder wear. 

The steamers with several compartments 
over one boiler are most useful and economical, 
and it is a pity that the handy little Dutch 
ov'en is not more patronised —it is such a 
capital invention for all grills, toasts, and for 
roasting small birds. 

The •• Bain-marie.” Another invaluable 
utensil but little met with in ordinary kitchens 
is the bain-marie. It is a shallow pan, about 
8 in. or so deep, which stands on the stove, and 
is kept half full of boiling water. Into it are put 
all saucepans the contents of which need 
keeping hot without becoming dry or boiling. 
If a complete bain-marie, with pans to fit, cannot 
1)0 afforded, the pan itself could be procured 
or made in some strong metal, and the ordinary 
household pans fitted in. Casseroles, a “hot- 
pot,'’ a few fireproof-ware dishes, a frying 
basket, hair and wire sieves, a forcing bag with 
a few pipes, one or two French cooks’ Imives, 
vegetaole cutters, and a mincing machine are 
amongst some of the very desirable a^iaratus in a 




modern kitchen, and w ill lie found to aid greatly 
in giving a finish and a professional touch to 
many dishes which otJierwise w'uuld apptair 
quite iinintcrt'sting. 

Care of Kitchen UtenaiU. Nothing is 
so disheartening to a careful liousewifi' as to 
see the kitchen appliances in which she took such 
pride, and {lerhaps had some little difficulty in 
purchasing out of her housekoeping allowance, 
going to rack and ruin during the reign of some 
careless or ignorant cook. Many mistresses are, 
how'evc‘r, so iinecrtain as to the w'ay'^ a saucepan 
should he cleaned, and what is necessary for 
its cleaning, that they cannot judge if propter 
methods are iist d. 

S» fPl.lKS KOH THK S»’ei.l,KHY. 

Sotia of oltl Ul>oll<Ml 

Dry Soup nuilerial to ritl) W'ith 

Soounn^ Soup Sau(M‘jmn Hrush 

Kinery Paper SenibhinK Hnmh 

Siher SuikI DimIi Cloths 

Whiting Hatli Brick 

Thcrt* is no not'd for scullery work to l>o made 
the untidy, unpleasant business it so often is. 
Dirty utensils should he quiekly washed instead 
of lieing laid aside till the ru'xt morning, or 
till the grease is cold, and mixtures set and 
hard. 

Pieces should hi* scrajied into one plate, 
and knives stood upright in a jug of hot soda- 
nnd-waler so that the handles are not dis- 
coloured and loosened by being put into boiling 
water. 

Saucepans. .\il dirty pans should at once 
1)0 filled with water and a little soda, so that 
insU^ad of lx*coming dry the scraps sticking 
to them soften and an* twicii as ( 5 aHily cleaned. 

If saucepans are burnt, thty should be filled 
with cold waU'r, some soda added, and the pan 
left to boil on the side of the stove for about an 
hour, wlicn it may la? easily cleaned. 

Any saucepan, no matU*r of what it is made, 
shcmld Iki scoured inside and out. The absurd 
idea that the hand should 1 m^ used to mb tb© 
pann isj happily dying out ; a saucejjan bmsh 
and a piece of stout, rough stuff, first soaped 
and dippi^d in silver sand, and then well mbbed 
over the saucepan is all that is needed — with the 
addition of “ elbow grease," 

Enamelled pans should not l)e washed with 
soda, w hich causes the enamel to discolour and 
crock. Sand also is too sharp, it scratches 
the glaze. The cloth should l)e dipjied in some 
fine ash or crushed egg-shells to remove stains. 

Never tolerate a soot-coated pan, it wastes 
fuel and time whilst the boat i« fienetrating. 

Keep all pans Imttom uf/ wards in a dn place, 
with their lids neatly beside them or hung in 
graduated sizes on the wall. Pans not turned 
over, and left with their lids on, are not in- 
frequently dirty if an inspection is made. 
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Rust. It should he ^<*mcm^)c^ed that rust 
tnd dirt in utcn/^ilH mean min to the delicate 
llavour of foodn ewkod in them. 

CoprxT panH or mouldn well repay lahmir 
expemded in cleaning them. After Bcouring 
innide and out, brighten thc*m by putting Home 
silver sand in a saucer, add to it a little salt, and 
moisten it w'cll with vinegar. Dip a j>iece of 
cloth in this mixture and mb the cop[x;r part 
onhf with it ; a used half of a lemon can well 
take the place of the cloth. Then rinse it well 
in cold, soapy watc*r, and dry it . ( )n no account 

let this ooid mixtiio' toucli the tinnc<l parts, 
as it stains them badly. 

It is recommendf d by several good authori- 
ties that to keep eopiwr bright for several 
weeks the outside should Ik; dipp<*d in lx»iling 
ale and placed near a tire to drj , but not wipc'd. 

Frying-pans, and omelet pans s|Kieially, should 
not DO w'oshod, as it is apt to caust; the food to 
stick. AU pieces adhering hIiouIcI lx; scrapcxl olf, 
and the pan niblsKl over with pieces of soft 
pafKjr till clean, (dve a hrisk ruh with a dry 
cloth and put tlic jian away in a dry place. 

To Polish Tins. If tins are at all greasy 
or burnt, they must l»c first washed in hot soda- 
water and scoured by dipping a pierce of well- 
soafied cloth in silver sand, rubbing them all 
over with it and then linsing them. 

When dry they should Ik; polislied by mixing 
a little powdered whiting to a paste w’ltli 
cold wab'r, rubbing it well on, and polishing it 
with a soft, dry ebith or leather. Be sure and 
brush it well out of all corners, avoid putting on 
too much, and let it dry a little Ixfore polishing. 

Wooden Goode. In serubhing wooden 

S oods do not use soda, ns it makes tlie wood a 
irty yellowish colour. Wring out the flannel in 
hot water, and soap the serubhing brush. 
Wash over the wood, then s<Tub it wtII, follow'- 
ing the lines - that is, the grain — of the wood 
with the bnish. Kinse otT the soap thoroughly 
and dry well. To dip the brush in sand is a 
very g<>od plan, and w hitens the wood ; but great 
care is nooded to rinse it woll ofl again. 

A Scouring Paste. For very dirty tins 
and wood long neghxjtcKi, and, indt^ed, for any 
cleaning of that kind, the following ))re|>arat ion 
is invaluable : 

1 poinul of Hoft HOH)> 

I pound of Hilvrr hhiuI 
1 cpiurt of iHiiling -wator 
] ])OUiul of |K»wiier<*<! wfiiting 
1 t»bleMp<»onful of hhU 

Put all in a saucepan. Stir and boil well for 
about fifteen minutes. It may l>o kept for a 
long time. For wiod. use it in place of soap 
and sand. 

Cooking Stoves. It is unfortunate for tlie 
head of domestic affairs w'hen the stove is 
inferior or faulty ; there are so many excellent 
makes on the market that it is a condition of 
affairs which ought not to he tolerated. Thow^ 
in most gimeral use are open ranges, closed 
riuiges, and gas stoves. The most useful com- 
bination is a range which, by a simple con- 
trivance. can be converted into either an open 
or clostHl stove— and a gas stove, as well, for 
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boiling the kettles for early cups of tea, hot 
weather cooking, etc. 

An Open Range is to Ije recommended for 
ventilation of the kitchen, comfort and a cheer- 
ful warmth, airing linen, roasting meat. 

A Closed Range is supcTior for cleanliness, 
saving of w’ear and tear of the pans, etc., 
simplicity of regulating the heat, economy of 
fuel (if the dampers are understood), personal 
comfort when cooking. 

Management of Stoves. To manage 
any stove successfully, it should be remcmlKTcd 
that : 

1. Pcrrfect cleanliness is essential: dirty, 
greasy ovems w ith a charred deposit from various 
bakings will ruin the flavour of any foods. 

2. A flue is a passage like a small chimney 
leading — one from each of the two ovens and 
the central fire space — into the large chimney. 
Through the flues is draw n the hot air, smoke, 
and flame, to be replaced by a down current of cold 
air, thereby causing the neccss.ary draught. 

3. DamfK^rs are metal plates, like horizontal 
filiutters, jutting out across the flues btdiind the 
back of tlio range. These dampcirs can lie 
pushed in to cut off the draught by closing the 
iluc», or give free access to the air \)y leaving it 
ojH'ii. .Any intennodiate position betw^wn 
“ puslKKl in ” or “ pulled out ” can. of course, 
Ih; adopted. 

4. The stronger the draught, the quicker 
and fiercer will be the heat of the stove. 

r». Soot is a non-conductor of lieat. It wraps 
up the ovens and boiUa* in a soft woolly covering, 
through which it takes a long time for even a 
little heat to penetrate. It also chokes up the 
flues, preventing draught. 

(). The stove should not “roar,” as it is called, 
or become red hot. It indicates that the fire 
is “ drawing ” too quickly — that is, there is too 
great a drauglit— with the result that the coal 
is consumed in an extravagant manner, and the 
ndhot surface dries the air, making it very 
unhealthy. Roaring can Ik* quickly checked by 
putting in one or more damiicrB, closing the 
door in front of the fire, ana pushing in the 
ash pan under the fire. 

How to Manage the Dampers. When 
first lighting the fire, pull out all dampers ; 
usually there are three. 

If much hot water is required, putih in the 
damjH*r< over the oven and leave the ccntrt> 
one out. 

For baking, pull out the damp(*r ov(‘r the 
(»ven that is required, and pu.nh in the centre 
one and that over the oven which is not needed. 
If both ovens ani wanted, only puiih in the 
middle damper. 

If the ovens are getting too hot, push the 
damper half way or right in. 

If the fire is to be merely kept in a little — 
say, betw*een luncheon and tea-time — push all 
the dampers nearly, but not quite, in. 

Remember that, unless one damper is left, 
at any rate, a little out, there wall be no 
outlet for the smoke, and it will pour out of 
the top of the stove. 



How to Save the Coal* 

]. Have all the cinders sifted to mix with the 
coal. 

2. Select a hard coal for the range, or mix 
it with coke. 

3. Bum all possible kitchen refuse when you 
can afford to slacken down the fire. 

4. Regulate the dampers carefully. 

6. Keep the flues and spaces over the ovens 
free from soot, so that they heat quickly. 

6. Keep the fire well made up, stoking it 
frequently, but only putting on a little coal at 
a time. 

When to Clean the Stove. The 

chimney should be swept at least everj* six 
months. 

The flues mud bt^ brushetl thoroughly at 
least once a week, or oftener, if a very soft coal 
IS used or a great amount of cooking done. 

Brush well over the tops of both ovens every 
morning. 

Wash the insidi* of the ovens well— the 
shelves, sides, and door — at least once a week, 
with hot soda-water. Use a stiff brush, and, if 
neces.^ary, scrape the shelves with an old 
knife. 

Gas Stoves. The.se have nowadays Is'en 
brought to a very high pitch of perfection, and 
are an enormouti eonvenicnee in districts where 
gas is laid on, and the rates are not so high 
that their ust^ almost prohibited to all but 
the w’calthy. 

For cooking in hot weather, and for small flats, 
they are a great boon, b(*cau8e the gas can be 
turned out or lowered, as desired, and much 
unnecessary heat saved. 

Unfortunately, houst'holders complain of the 
careless wasU* of gas caused by the burners being 
left full on when not needed, or the stove being 
used when, perhaps, there is alre.ady a large coal 
fire burning in the kitchen. 

Besides this trouble, there is not infrequently 
vn objectionable odour in houses where the 
cooking is done by gas, so much so, that on 
entering the front door, it is easily noticeable 
that the stove is lit. The reason for this is 
either : 

1. The dirty condition of the top of the stove 
under the boiling rings, and the interior of the 
oven. 

2. Too great a pressure of gew being turned on 
for the size of the stove. 

3. The stove being “ lit back,” as people 
express it — that is, the draught causing it to 
light in the air chamber of the burner. This 
may be known by the peculiar noise made, and 
the flame will be of a yellow, instead of a blue 
colour. It' also causes a most unpleasant 
smell, and soon the burners become choked with 
soot, and very little heat is given. When this 
occurs, the gas must be turned out and lit a^^in, 
and even several times, if necessary, till it lights 
properly. To prevent it, the gas should be 
turned on for a second or two before the match 
is amlied. 

If possible, choose a stove lined throughout 
with enamel, and the rests fmr the shelves made to 
pull out. Ihis kind is so eaiy^ to clean, and the 


bright lining reflects the heat and aids the 
cocking operations. 

The stove should also be provided with a good 
grlller or toaster, the heat from the burner, by a 
simple contrivance, being thrown downwai^ on 
to the bread, or whatever it may be. 

To Clean Gaa Stoves. Remove all 
parts possible — bars, shelves, etc. Wasli the top 
or any greasy part thoroughly with hot soda 
water. 

Blacklead and ^lish all the black portions. 
Clean the bars with emeiy paper, and any brass 
fittings with bath brick mist and n leather, or 
soft cloth. Should there be any tiles on the 
stove, wash them with hot water, soda, and a 
piece of house flannel. 

Carefully note that the holes of the burners 
are not choked with grease from imuis boiling 
over. This point is very frequently forgotUMi, 
with the result that a very small jet of flame is 
obtained. 

Substitutes for Weights and Scales. 

Though most convenient, weights and scales 
are not an essential item in the kitchen, 
and in very many houst'holds they are eon- 
spicious by their absence, lint it is unwise 
to trust merely to guessing the quantities; and 
the following table will bi* helpful, giving, as it 
does, equivalents for the iisuiil weights : 


1 hoaiMHl tahl^N^pconful of Hour . , I omieo 

I tatMOHpoonful of inoiKt sugar 1 ojiueo 

Half a tHt>leKi)oonful of syrup, jam, et<‘. I imiuci* 

1 tabiospoiinful or two (IcHHortspoou- 

fuls ol liquid - I ounoo 

4 teasnoonfuls of lujuid - I ounoo 

1 breakfost -cupful half a pmt or half a |»«mnd 

I teacupful -- 1 of a pint - J pound 

6 luuips of sugar - 1 ouiuu' 

A piece of suet, butter, larti, or clari- 

fiwl fat, the size of a Hinall lu'u’M'cgg I ounce 
Weight of an average-siKod egg , . 2 ounces 

Half a candied loinon or orange . . 1 ounce 

Testing the Oven. It is well to test 
the heat of the oven before putting in th(‘ 


meat, tart, or whatever it is. To do tins, place 
a piece of white paper on the shelf, and leave it 
for five minuU?s. If it has turnerl 
Light yellow, the oven is ” slow ” 

Dark yellow „ „ “ modern tf* ’ 

Dark brown ,, „ ” (juick ” 

Black „ „ ” too hot ” 

A MARKETING GUIDE 

When at all possible, every housekeeper should 
do her own marketing ; she will then be able to 
study the prices of the various things, and avoid 
those articles which, owing to various reasons — 
such as the demand for them, or the weather — 
are high in price on that particular day ; while, 
at the same time, she may sometimes be able to 
give her family delicacies which, as a rule, she 
would consider beyond her means. 

However slender the family purse is, it is bad 
policy to purchase inferior goods ; stale fruit, 
withered vegetables, and stale fish are highly 
injurious. 

Meat 

When choosing meat, it is well to rememljer 
that a joint containing much fat or bone is not 
ecoDcnmcal. Also, that young meat, such a« 
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veal ajicl lamb, contain* lc«a nutriment than the 
ilenh of mature animal*, Huch a* mutton. 

Hekf. (»ood lieef should Ik; of a fine, even 
((rain, vcimKl with fat, which Hhould Ih; firm ancl 
of a creamy dull white. The lean should lx* a 
ptirt)hHh reel. Scotch beef i« con*iderc*d the lK‘*t. 

Mi rroN. Good mutton should have small 
Imuh'h ; the lean should be of a dark rcxl. and the 
fat hard and white. If the flesh is flabby and 
damp, it is inferior. 

Vk.^l. Veal should have a fine prain, with 
(he fat very white. If it is very you’ig meat, it 
eontiiins little nourishment, ancl it is considered 
by many to Ik* indigestible. 

PoiiK, Pork sliould never Ik* purehaHed in 
hot w(‘nllier, hut is excellent during the winter 
months. The lean should he of a delicate*, 
pinkish whih*, with the grain tine and close, and 
the hon(‘s small. 

JUt'ov. Ilaeo’i with tlie lean of a very deep 
rc*d is usually very hard and salty. M'lie fat 
should be of a pinliisli white, and the lean free 
from eraeks. 

Fish 

When choosing fish, hih* fliat tlie eyes an* 
bright and the gills a clear bright rod ; tlie hiKiy 
should ftH;l Stitt and the flesh finn, Veiy large 
fish of (heir kind should Ik* avoide<l — tht'V are 
usnally old and stringy. It is ahsojutely essen- 
tial that shelltisli Ik* perf(*( tly fresh, otherwise it 
is most \inwholesome ; if in good condition, it 
should ff'cl h(‘/i\'v in eoniparison to its size a 
light lobster is always watery. Jf a lobster, 
I'rab, prawn, or shrimp is frt‘Mh, tlu* fail is drawn 
lightly against tlu* body ; pull back (be tail, and 
it will immediately spring agaiji to its pln<*e. An 
oyster-shell will Ik* lirinly closed if it is fresh; if 
it gapi's a little, tin* oy.ster is losing its fre>hness. 

Poultry 

When choosing jHmltry, see that (he eyes aix* 
eh*ar. 'Phe hi!*d should U* plump, without U'lny 
over fat, the l(‘gs smooth and supiile, and thi* 
feet large for the size of the bitxf. The skin 
should 1)0 free from hair, these denoting age. 
Hen hi ids are eonsidenHl more b'lider than cocks, 
and those having yellow Ic'gs an* geni'rally 
pn*ferred for Iniiling. 

('iu)osi' diu'ks and gei’se with yellow legs ; 
(host' with diH*j) orange eolouriKl legs are usually 
ancient biixls. 

rabbits with soft brown fur and large 
joints — tlu^' art' the signs of youth ; old urn's 
have grt'yish fur and rather blunt claws. 

Game 

For roasting, ehoost* young birds ; but for 
salmis, stews, and sotips, old ones will do 


excellently. As a rule, hen bird* are considered 
more tender and juicy than cock birds. If 
young, the quill* will be* soft, and in the cock 
bird the spurs short and smooth. The under 
part of the beak w ill snap across if it is lM*nt laick, 
and the legs w ill be smooth and supph*. 

Venison is not considered worth eating unless 
it has plenty of clear, bright -looking fat. 

llic legs of wild duck, teal, and widgeon 
should lie soft and pliable. 

Young ban;* should have smooth, sliarp claw.s, 
thin cars which can lx* easily tom. and large 
kntH' joints. They should be chow'n for roast in*; 
piir|K)ses, though old ones do wry well hir 
jigging. 

Vegetable* 

On no account purchase stale vegetaliles ; they 
are most unwholesome. Cabljages whieli an* 
limp, batter(*d alx>ut, and turning yellow should 
Ik* avoided, also withered lettuces and cress. It 
is }xx)r economy to purchast* ehea|K*nt'd goods 
when half of them is useless ; it is far better to 
get half the quantity for the same money. This 
is particularly so in the case of grei‘n p<*as. It is 
more economical to purchase* half a peck at one 
shilling a ])cck than one iKx^k at sixpence. In 
the* latter ease*, the pods would probably Ik* 
ye‘llow and withered, and the* peas dr>’ and hard, 
eonseMjucmtly taking a long time and much fuel 
to soften them ; while* in the former, they an* 
fre'sh, green, and sexm cookeKl. 

If at all fiossihle, )>iiy potatoes in large 
quant itie's, and store them in a dry, dark plae'e* 
for w inter. A rough-skinned ix>tat() is generally 
floury*, Imt tht‘re arc seime e‘xeeptie)ns te) this rule*. 
Small jHitatoe'H are* not e‘i‘onomii‘al, oven if low* 
in prie*e, as so rnuedi of them is waste'd in pee'lirig. 

Fruit 

Like ve'gi‘tables, fruit must he fri'sh anil in goesi 
eonelition, otlu'rwdsc it is Ix'st avoideKl. Welling- 
ton apple's an* the l)ost viuii'ty for baking in 
tarts or minee'ine'at. 

Dry Stores 

If buying (lour fe^r ordinary use. house - 
holds ' or “ seconds " is the Is'st, while 
“ Vii'iina," or jiastry “ whites *' is Is'st for cake*s. 
putt jiastry. ele. 

Ah eoffiK', oatmeal, and all spiec's eleteriorate 
with kiH*ping, they are liest purehase*d as 
n'eiuired, in small quantitii's. 

kie*e, sago, sugar, etc., may Ik* bought in large 
quantities, providt*d thi*y are ke*pt in e'overeel 
jars away from the dust. 

Household soap should l)e pure*has<*d in large 
quantities, as it dries with keeping, and so is 
much more iH'euiomieal. 


Continued 
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CULTIVATION OF LAND FOR CEREALS 

Plou^hins:, Harrowini^ and Sowing: for Wheat, Barley, Oats, and Root 
Crops. Mang^els and Weeds. Time for Dnlling Seeds. Catch Ciops 


By Professor JAMES LONG 


IJ^REAT ia uaually sown on land which haa 
been dungtHl and w hich bc‘longft to the heavier 
class of soil. The land is ploughed early, 
harrowed, and the seed drilled. In some of 
the lighter land districts where wheat is grown 
the soil is ploughed rather shallow, furrows are 
mode with a ring-pivsscr to provide a firm lied, 
and the st^ed is broadcasted and covered with 
the liarrowa. Heavy land often ninds weathering 
after ploughing Indore harrowing is {Kissible, 
by which we mean that 
the 8tick3^ clay-like soil 
tumtni over by the plough 
must lx? brouglit to sucli a 
condition by the aid of 
wind, rain, sun, or frost, that 
it will break to pieces wlien 
the harrows are drawn over 
it. As wheat mn-ds a tirin 
lx‘d, care must 1 k' taken not 
to plough too deeply, nor to 
make the soil t(K> loose. 

Wheat lieing an autumn- 
sowTi plant, it is often esseii 



al to make water- He)d<»in lea\in 


furrows to prevent rain-water collecting and 
thus destroying it. 

Barley. The object of the barley grower 
is not only to obtain a large yield, but fine 
samples for malting purposes. In spite of 
foreign competition and the employment of 
barley-malt substitutes, a good sample will still 
realise a respectable price ; but a sample which 
is unfit for malting falls to a low' figure, owing to 
the much smaller value of this cereal for feeding 
purposes. Quality depfmds upon the soil, the 


season — especially during n|^H'ning and harvest- 
ing— and the method of cultivation. In the 
most suitable districts the liarley crop is a 
profitable one. but in unsuitable districts, ami 
largely on heavy soils, it is much more difficult 
to obtain (piality. Harley is very commonly 
taken after a root crop fed off by sii(*ep. for the 
reason that it thrives iijnin the enriched shallow 
surface soil, uptm which the flock has bc*cn 
folded to eat off swedes, turnips, sainfoin. ra|H‘, 
kale, and otlier plants {»ro- 
\ idl'd for them. It is. how- 
ever. a recognised })rinciple 
that a field intendi'il for 
barley siiould lu'vi'r Iw too 
rich, or a sample may l>e 
spoiled. When, therefore, 
its condition is higher than 
is desirable, oats or wheat 
may la- taken Udore the 
barley. Barley is also ta^ en 
after a potato crop, this 
IuIkt, U'lng a gross f(H*der. 
too large a resiilue of plant food, 
unlesH it has In'cn heavily manured. 

It is most esHi'iitial tliat barley should lie 
sown in a very fim* seed- lad, and this is another 
reason why it should follow' a nxif eroj), for, in 
preparing for roots by several (ultivations, the 
tilth is made both deep and midlow’. In such a 
case the land m inis hut a sballow ])loughing, th(! 
object iM'ing to provide fin(*ncss above and 
firmness below, and yet the soil must be dry. 
'Fhe seeil-lwd must be pn^pured in dry wi'ather 
by using the most appropriaU* tools, as the 




nx>uoHnio: breaking up a new field 


1229 




AOmOVLTUItS 


curved tined or drag harrow, the medium 
Hpikod liarrow% and the roller. Above all, 
poaching mu»i Ik* avoided, especially where the 
soil ninn together and Injcomes impossible of 
cultivation when trodden upon by either men 
or liorses. In oidfrr to obtain evenneah of 
growth the wnd should be drilled, that it may 
l>c d(‘jMwiU*d at an e(|UAl depth ; eov(*ring mav 
Ik* completed with light harrow h, that the soil 
alK)vci the seed may r(*main in u kind and 
mellow condition. 

Oats. Oats arc sown in two seasons, 
although th(‘ winUT oat, whieli is drillc*<l in 
early autumn, is coinmon to but few districts. 
The grain of the winter variety is preferred by 
many owners of hors<*M. cspeeially of hunter^, 

while? the straw' is niueh sujMrior in stn*ngth 

and form to that of the spring oat, whieh is 
usually sown ls*twe<?n the end of dan nary and 
<?ttrly April. When the weather is open, the 
earlier the sowing the? bett^T. The seed-lwd 
may Ik* de*e|K*r than feir barle*y, but it is not 
n(*ee*HHary te> prealuee so fine* a tiltli, the eiat 
lK‘ing a Vigorous growing plant, and thriving 
on almost all 
elasses of soil ^ 
w'hieh are* siifli ”” / 

eiently provides I ^ 
with fe»oil. anel 
wb’^'h are* eleaii 
anel dry. The system of 
broAd(?aHting the seed is 
ejuitc ceiminon, but more* 

Mis?d is reijuircd. while tlie 
plants np|K*ar witb inui’h 
less n'gularity, so iiiich 
so that at Jiaivest it is 
not une'oinmon to find 
till* majeirity we*ll ripeiusl 
while the mineirity arc still 
almost given 

Pm». Formerly it 
was tlie* more* gen(*ral 
praetiee to sow the 
('arlitset |H*as in autumn, but in tliesc days 
farmers prefer early spring. Tiie pea deunands 
a tolenibly fine* seHsl-lM'd. for which reason the 
land should Is* ploughe*d ns soon ns ]K).ssil>le 
after the previous crop has lavn removed, 
'riie first (frilling may U* in January, if the* 
weather j>ermits, the blue* tlowered varieties 
lH*ing seliTlid. furllier sowing following from 
time to time until the middle of March. As 
the season advances, the later varieties are sowm. 
Ijfvnd inte'ndod for piKis should not lie toucluHl 
during wet weather, for, w here poaching follows 
the tivading of horses and men, suec^.ss is 
im{)ossible. Care must Ik» taken to guard against 
the depixnlation of birds, especially of the 
wood-pigeon, which quickly finds and steals 
the st'oei. 

Beans. Keans are commonly taken after 
wheat on strong land, and are sown early in the 
year, what are known as winter beans being 
first sideeted, the spring varieties following in 
due course. Tlie liean stands moderately severe 
weather without liarm on dry or well-drained 
land. It requires n fairly deep seed-bed. whieh 


need not be exceptionally fine in tilth. The 
land should bo ploughed in autumn, that its 
condition n.ay lK*come sufficiently mellow', and 
a suitable day being selected, it may be har- 
rowed dow'n and driHed at once. When drilling 
is impossible, the method of dibbling may l>e 
resorted to. for it occasionally happens that 
sow ing would otherwise be much delayed owing 
t(i the imfiossibility of taking the horses on to the 
land without damage. In dibbling, holes an? 
made with a hand-tool, and the seed deposited 
in rows at equal distances apart. Before the bt‘an 
plant apjK*ars. harrow's may Ik* drawn over thi* 
field w ith the object of killing wcikIs w'hich may 
linve begun to grow ; when the rows are 
sufficiently defined, the horse-hoc may oe em- 
ployed with the same object. I^nd intended 
for !K*ans is occasionally manured with dung, 
covered in by the plough in autumn. 

Roots. By the preparation of the soil for 
tlu* root crops, by whieh wx* mean mangels, rabi, 
swedes, anil although potatoes may l>o 

appropriately includixl, the whole rotation is 
alb*eted. If the work is good, it tells u[»on the 
genf'ral yield of the four-eoursc rotation ; if, on 
the ('ther hand, it is imfierfoet or bad. the fanner 
may l*e prepar(?d for some disafipointment. 'Hio 
student of farming will do well to master the 
principles upon which the cultivation of tho 
^ soil is foiinilt'd 

in relation to 
fallow’ land. 

It may liero 
bo remarked 
that there aro 
two classes of 
fallow’, the one 
applied to land 
whi(‘h carri(*3 
fallow crops, 
among w hieh 
roots aro in- 
cluded ; tho 
other, know n 
as bare fallow’, ( hiefly applied to very heavy 
land. I’he object of bare fallowing was 
formerly intended to providi* the soil with a 
rest, and to give it time to oecumiilate fertility 
before it was asked to produce another crof>. 
In these da;v’s bare fallowing is chiefly resortixl 
to for the purpose of cleaning land, ploughing 
lK*ing eoniiucted from lime to time during 
the hot weather of summer, when, by the aid 
of the sun, w'eed-life is destroyed. Tlie 
more this subject is studied by the student tho 
more clearly it will be shown, however, that, 
unU'ss in exceptional ciwies, a bare fallow* is a 
waste. If it is regardtxl as impossible to grow 
a saleable crop with profit, it is preferable to sow 
for a green crop, whieh may be ploughed in as 
green manure, and in this w’ay to prepare a field 
for a profitable succession. 

Elements of e Succeeeful Root 
Crop. A successful root crop largely depends 
upon early autumn ploughing. The land in- 
tended to carry mangels should first be tackled, 
if possible immediately after harvest. If time 
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permits* it may be skimmed 2 to 3 in. deep with 
the Wad share, which not only aooomplishee 
quick wcMrk, but destroys growing weeds, and 
induces weed seed to sprout ready for subsequent 
buiying with the plough. In this work the sun 
may possibly be an available helper. Subsequent 
work with the harroa's will largely remove such 
obnoxious weeds as twitch or couch-grass before 
the plough starts its work. In some cases* 
especially on light soils, the steam cultivator is 
introduced, and the land is twice stirred, one 
cultivation crossing the other. Such practice 
makes it easier for the 
horses when ploughing 
begins. On the heavier 
soils, which have been 
similarly prepared and 
harrow’^, the soil being 
dry, the land may be 
ploughed to a depth of 6 
to 7 in. If this is per- 
missible, as it should be 
for the mangel, which 
flourishes liest on deep, 
strong, rich loams, the 
soil may be subsequently 
plough^ with the ridging 
plough, and left rough 
through the winter. By 
this means the clods will 
1)0 puIvfTvmxl by frost, the 
rsoil forming the ridges 
w ill remain fairly dry, 
while the rain-w^ater will 
find its way into the 
furrows l)etween. 

Autumn Plough- 
ing. So much depending 
upon autumn cultivation 
for roots, the necessity 
of early sow^ing and 
harvesting will be recog- 
nised. But it must not 
be supposed that early 
autumn ploughing is 
essential for roots alone. 

The land may be prepared 
for wheat ana Iwans, 
oats and barley, where it 
is intended that the seed 
for these crops should 
Ik 3 sown early. Land 
should not l)e touched 
with plough, harrow or 
roller while it is wet, 
although there are some 
of the lighter soils upon 
which work may proceed 
very quickly after heavy rain, and here 
experience, which begets judgment, will stand 
the student in good stead. Roots not only 
demand a fine and deep tilth, for which reason 
a fine surface tilth should not be buried, but 
they demand sufficient moisture near the sur- 
face to encourage the early germination of the 
seed. How important this point is will be 
noticed if the thick, hard husk in which the seed 
of the mangel is enveloped is examined. 
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Drilling of Mongols nnd Tumipo. 

Both mangels and turnips are drilled upon the 
ridge on the heavier soils ; the whole of the soil 
forming the ridge should, tberefore, be fine. 
Before ridging for the drill with the double- 
breasted p! igh — this Inking the final operation 
with this tool — root land is usually spring 
ploughed once or twice, according to its con- 
dition. When t his is sufficiently perfect, the ridg(*H 
are drawn, usually 27 in. apart, ami the furrows 
lietween manured with rotten dung, and where 
mineral fertilisers are employed, with these also. 

The plough then passes 
through the middle of 
each ridge, splitting it in 
halves, covering the 
mantire, nnd at the same 
time forming fri'sh ridges. 
Tlit^e are Hubsequently 
pressed with a light roller 
— for it is essential to 
prevent the soil “ running ” 
or sticking together by 
extreme prt^ssure — and on 
the flat surhwe thus pro- 
duced the seed is drilled. 
Swedes and turni})s ger- 
minaU^ better when drilled 
quickly after this opera- 
tion and while the land is 
still moist. Swedes are 
sown lHdw(H*n the middle 
of May and the Is^^ginning 
of July, depending upon 
the district and climate, 
the dates of sowing Ixiing 
earlier in the south than 
in the north. Turnips are 
sown during June and 
the first half of July, 
while stubble turnifw, fre- 
quently broa<letvsied, are 
sown U'twcMm the middh^ 
of July and tlie last w'eek 
in August. 

The student w ill do well 
to notice the difTerenee 
in the rapidity of the ger 
mination of turnifi seed 
on a coarse or dry tilth 
and on a firu*. moist, 
fresh tilth, which has 
lM*en lightly rolled. The 
mangel, owing to its 
preference for stronger 
soil, is generally sown 
on the ridge, w ith manure 
In-neat h ; while the 
swede, although the same system of manuring 
is sometimes followed, is more commonly 
manured with phosphatie manurc‘s alone. 

It is important that in all cases the ridges ur 
which roots are grown sbjould not be tn 
27 in. apart in order that the horse- hoe may be 
more easily and advantageously employed in 
keeping spaces between e^ach row of plants per- 
fectly clean. The mangel plants, which, with 
successful germination, produce almost unbroken 
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rows, are Bubsequently singled with the hand -hoe, 
each bulb being left from 0 to 15 in. from its 
neighbours. The wider the bulbs are apart the 
larger they grow, but while medium buHw in- 
volve more laiwur in lifting at harvest, thc'v are 
ri(;hcr ns a f(s>d. Mangels are freq '^'ntly grown 
on the flat on the lighter soils, for the reason that, 
they iK'tter obtain the ner*<*ssar\' supply of 
moisture. 

Mangels and Weeds. Oving, however, 
to the fact that weeds grow more cpiiekly 
than the mangel plant, it is good practice to 
mix with the mangel seed in the drill a small 
(juantity of turnip He<*d, which np|M‘ars earlier 
than th(‘ 
mange I 
plant ; then 
the rows 
may he seen 
Rufiieiently 
early to in- 
troauee the 
horse hoe 
l)efore the 
weeds have 
taken almn- 
lute posses- 
sion of the 
soil. 'I’he 

mangel is 
sow’n 1 h'- 
twt*<*n tlie 
end of 
March and 
the middle 
of May, and 
the variety 
selected will 
d e p (• n d 
UfxmtluM'X- 
j)erienee ^ 
of the ' 
grower, f 
Some find 
the (doin' , 
or Tank- 
ard su- 
I»crior to 
the Long 
Red, 
which is 
mon^ difti* 
cult to lift 

owing to the fact that a larger proportion of 
the root grows within the soil. For this reason 
it fremiently breaks off in pulling, involving 
extra labour or loss. The object of the grower, 
however, should In* not only to obtain w'eight |icr 
acre, hut weight of food per acre, and this he 
will secure by selecting varieties which are 
known to contain a high pro[K)rtion of feeding 
matter and to grow them closer together in the 
rows than usual. 

Where blanks occur in a mangel field they 
may be filled up by planting cabbage or kohi- 
ralu, unless 8v^*ede se^, having been sown with 
the mangel seed, plants of this root are in 
jiossesaion. Whether the mangel land has been 
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supplied with dung, after ploughing in autumn, 
or under the seed in spring, it may be advan- 
tageously dressed with nitrate of soda during 
its early grow th. Tliis h'rtiliser may l)e supplied 
at the rate of j to J cwt. per acre when the 
young plants have been a fortnight above 
grouna, while n s(Kond and similar dressing 
may l>c provided when they are half grown. 

Clovers and Seede. Clover usually 
sown alone, a common practice with the broad 
red and crimson varieties, to which reference 
has lK*<m made; hut under varied conditions, 
defK‘nding upon the purpose for which the crop 
is refpiired. and upon some soils, the cliaraeterof 

which must 
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COW -grac.i, 
alsikc. and 
w III t(', or 

0 n e or 
more of 

1 hem* var it" 
ties added 
to Italian 
rye grass, 
or, where 
the plant is 
to remain 

on the 
ground 
for tw(> 
years or 
more, yet 
tern por- 
a r i 1 y , 
with th(' 
add i tion 
of cocks- 
foot, catH- 
tail, and 
occa- 
sionally 


lueerne and smooth and rough -stulkKl meadow - 
grass. as shown in the chapter on grasses. 
Temporary mixturt*s are usually known as 
“seeds," or “leys ' and the se^s are sown 
with a corn crop. 

(Tover is usually drilled, esjxx'ially where it 
is grow’n with wheat, but the seed should not 
be deposited more than half an inch in depth. 
Where, as should lie the case, the soil covens the 
seed after the drill, it may be found sufficient 
to roll it, otherwise, as where it is broadcasted 
with the seed-biirrow , it should be covered with 
light harrows, and subsequently rolled. In 
some instances it is sufficient to cover with a 
bush -harrow', skilfully made by fixing a number 
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of Strong bImiiHiom boughs to a hurdle or an 
implement equally conrenient. Again, some 
farmers find it satisfactory to cover the seed 
with a horse^rake, but in all cases rolling, the 
weight of the roller depending upon the class 
and condition of the soil, should follow. Tlie 
farmer, too, must judge whether he should sow 
his mixture of seeds at one or two operations, 
llie seed- barrow is of great width, and takes a 
long sweep, but, careful as the workman may be, 
he frequently misses the line of seeding, with the 
result that when the plant appears many plact's 
are recognised which were never seeded at all. 
This is prevented by dividing the seed into two 
))ortion8, and sowing the second portion across 
the first. In 
using the sw'd- 
barrow it may 
c o n B t an 1 1 y 
happen, too, 
unless care is 
exercised, 
that the small, 
heavy clover 
seeds remain 
at the bottom 
of the box, 
and are not 
equally scat • 

^teredf with 
the grass 
seeds by the 
brushes with- 
in. 

Time for 
Drilling 
Seed. Oc- 
casionally 
seed is drilled 
with spring 
corn, but on 
soils where the 
tilth is fine 
and deep, this 
is liable to 
biirv the fine 
clover and grass seeds, which prefer a shallow, 
firm bod. The more general practice is to %vait 
until the oats or barley have appeared, and an* 
hufficiently strong to permit of the drill 
being used, or for the operation as conducted 
with the seed- barrow’. Both sainfoin and 
lucerne, wliich may be regarded as seeds, 
are similarly drilled with, or among grow- 
ing corn, hut in no case is the crop obtained 
in the same year, although, where the growth 
is precocious, there may be sufficient grwn food 
>eut when the corn is harvested to impro\e the 
value of the straw. The cropping of clover, 
sain.oin, and lucerne assists in renewing the 
fertility of the soil, but it is inadvisable to allow’ 
either plant to remain down long enough to 


bccsome so foul that the land is in part impov- 
erished by weeds, or rt*nderfd difii^t to dean 
and cultivate for a succeeding crop. 

In some cases, where the soil is foul, lieans 
may replace clover in the rotation, for the 
reason that the land, ns already explained, can 
he horse-hoe<l ht'twi*t*n the rows forming the 
crop. Land intended for set'ds should always 
Ik* w’cll supplied with lime, w hich may sometimoH 
save a plant from the ravage*.-; of the eel -worm, 
the chief enemy of broad chuer. With this 
ohjw't half a ton of ground lime, preferably 
produced from chalk, may be* sown per ai'n*. 

Forage, or Catch Crops. A ‘ catch * 
crop is a crop which is taken betwi'<*n two 

regular or ro- 
tation crops, 
as crimson 
clover flown 
upon wheat 
stubble, and 
removed snffi- 
eiently early 
in spring for 
turnips to be 
.K)wn. These 
erops include 
e r i m s o n 
clover, vetelif's 
or tar<‘s, rve, 
winter barley 
and oats, all 
of which 
should be 
sown early in 
the autumn, 
t li a t t h <* y 
may be cut 
green and ri*- 
mov’od early 
in spring. 
Before sow ing 
it is advisable 
that the land 
should be well 
cleaned by 
Hurfacc-baiTow ing for the d(‘struetion of growing 
weeds, and to incite the germination of weed 
seeds. Tlic land, except for trifoliura ((Timson 
clover), which is sown upon the harrowed stubble, 
should l>e shallow ploughed, and the seed drilled 
and harrowed in while the surface is dry and 
kind. W'here, however, time jK*rmitH, deep 
ploughing is advisable, innsniueh as it will 
materially help a sucfoeding root crop. Catch 
crops are always assisted by the provision of n 
drcBsing of artificial manure where the soil is 
not in the liest of condition. But for irifoUum 
and vetches pbosphatic manures arc recom- 
mended, and for tne cereals a combination, not 
a mixture, of phosphalic and nitrogenous 
manure (sulphate of ammonia), 



OorUtnued 


J233 



Oronp 27, 

SHORTHAND 


SHORTHAND 


from 
imgv lim 


Ninth Instnlmetit of the Special Conroe of Shorthand Tanght 
bj Meoiro. Pitman St Soom on their Twentieth Century Plan 


By SIR ISAAC PITMAN A SONS 

*THK Htuclent linH in the preceding leMona with the instructioiiH given on the next 
* in/iHUfred a miii:>>er of graiiiiiialtigueH, tliat [lage. 

in, wnrdH in common u»e which are repicHeiitod Grammaloguea (Phonetically Arranged). 
i>y uhincviated phonogra^jhic ai^H. in the Grammaloguea marked'* I*’ (first poeition) are 
following liMt UicHo are nicluded, while many written ahow the line. Those marked “3” (third 
additional grammalogueH are given, and the table position) are written through the line. Those not 
should be studied and mastered in accordance marked (second {tosition) are written on the line 


CONSONANTS. 


I happy 1 ; up; pat 8 


princij>£|ly 8 
particular 1 ; oppor- 

Itunitj 

N 1 ; bff ; to bo 8 

\ above 
S been 

\ remeniber-ed.inem- 

. Jl«r; nuiuber.ed 8 

I at 1 ; it; out 8 


\ truth ; true 8 
'] towai’d 

I bad 1 j do ; difflerent*ce y 

f doliver-cd-y 

adrantafe; difficult 8 
J done ; down 8 
1 Dr 1; dear; during 8 

/ much 1 ; which ; each 3 

/ large 1 
J general 

J gentleman 1 ; gen- 
[d^cn 

“ can 1 ; come 
quite 1 ; could 
cannot 1 ; account 
because 1 

c— call I ; equably 

callad, I 

c~ core 
er according 1 
go.agol;give-n 
- God 1 ; good 
€- gi*eat 

V. it 

V. alter 1 


gd - Got 

gH €- gi-e 

» V. if 

ft *fi^ 

ft K. tar 
1234 


fj. from 
fn Vo Phonography 
▼ have 

vr over 1 ; ever-y 
vr vei*y; however 8 
Til ( thaok ed 1 ; think 
t/tr 5 through, threw 8 
i ( though 1 ; them 
( that 1 ; without 
' C those 1; this; 

C other * 

^ their, there, 

) lhi*y aiv 

therefore 8 

(double length) 

) •o,aa;iee,aer(ae«»)8 

o as, baa 1 ; is, his 
fi first 
<\ spirit 
several 

) was; use (verb) 8, 
' , [wbow 3 

shall, shalt 

short 1 
y usual -ly 
y pleasure 

me,my 1; him, may 
^ might 1 
^ myself 1; himself 
y-v importaob I ; im- 

[proTfMt.ment 

more,remark-ed I ; 

[Mr. mere 
in, aoy 1 ; no, know 

^ not 1 ; nature 
^ hand 1 ; under 
'o* I opinion 
nor 1; near 
language 1 ; thing 
Lord 

or l;yoiir; year8 


^ are; hour, our 8 
word 


r 

whether 
(T while 1 
cT yet 
VOWELS. 
1 and (up) 


i but 

' O! oh! owe 
I he 
N to 

/ should (up) 

' two, too 
^ ; who 
DIPHTHONGS. 

‘ when 
..L. with 
...L. what 
would 

beyond 

'' you 

■J.»7«(kcaain»,ja^ 

A how 
. ™ why 
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By means of the directions furnished lielinv, 
the table on the preceding page may be reatUly 
coiuiiiitted t<» memory. A}[»hal>etic chanujtei-s 
are used to iHsprosent all the gmmiimlogues 
except «nd, he^ and therefoip^ fur wliich con- 
venient signs are allocated. 

The posmoN-t of the logogmms, above^ on, 
and THRr»i^oH the line, are in geneml determined 
by tlie vowels contfiiiied in the words ; and if a 
word has iu(»re than one syllable, by its iwjcented 
vowel. For peri>endicniar and shaping strokes, 
standing .'done, the positi<ins are 

1 a/t, air, a, o, t, o 't, trJ, ut >vk I lie line ; thus 
.. . 1 ... al. 

2 eh, uh, e, a, oN the line; thus u/>, 

-Uf.. 

.'1 ee, on, 7. oo, otr, /7, Tiunu’oii the line ; 
thus rnrh. 

Vowel logograms, and horizontal and half- 
sized constuiiints, have but two positions 

1 ah, air, d, d, 7, ot, at/, trl, above tlie line ; 

as ah. 

2 eh, oh, V. d, er, oo, 7, do, ft, oir, ON the line ; 
as ...V . fon. 

These rules do n‘>t apply to the irregular 
grammalogues set out below. 

It will be noticed that in the t.able of 
grammalogues .s(une words are indieated with a 
hyphen (as, tjireai ) ; <»r, with a double termina- 
tion (^as, 'Idle corresponding logo- 

grams re})re..-.ent both anH gir-a, iotporfanf 
and iiiiportinire. 

In order to nnrk the plural rmuiber, the 
possessive case of a noun, or the third person 
singular of a verb, s may be addefl to a logogram ; 
t hus 

— at 

— ^ ... — --0 
[Inodj goods', (rod, (uni's ^ rton's. 

A logogram may be used cither ns a (U' 

sulliv ; til us 



afteniooit, imdertah', hereiiffer, Indiff'rmit 

Irregular grammalogues are of two descrip- 
tions, namely 

1 Those of freijuent oceiirronee, written os 
THE LINE for convenience. These are 


1 

advantage 


from 


upon 


are 


have 


usual 

\ 

be 

V.. 

if 

' ) 

was 


been j 

1 

it 


we 

1 

dear j 

k 

Lord 


which 

f 

deliver 

V. 

Phonography' 6 

will 

1 

do 

J 

shall 


your 

u 

for j 


think 




2 Those which, in their proper j>osition, 
w<iuld clash with (/.♦•., be mistaken for) same 
<»thers. These are 

‘‘“y I \ . much I C» this 

ago, go 1 mimher-ed :i I , ^ those 1 

in 1 ()I oh! owe though 1 

. me I [ over 1 truth 

I 

I v\ , ; 

more 1 ; particular 1 .... ^\ith 1 

K.VEIU ISK. 

I ntutdm'iitg (hr grauniiolinfurs ia the prrrcding 
fahlr. To hr tn lilrn lu shio ikand loj the student, 
irho must use Ike grammahtgue .sign for eimj 
a'to'd. 

1. My dear -One without principle we 
cannot ever call a gentleman. 2. If he has im 
pleasure in the good nor in the true, we do not 
tiiiiik of his nature as great. ih Wo can, how- 
ever, remark that Lord W., (General h., and 
Mr. N., are numbered as gentlemen. 4. Though 
there has been no particular opportunity, these 
have each and all had an eye to and iiuproveil 
on any imjKutant advantage, and been the lirst 
to give a good account of it. 5. We thunk them, 
and remeudier those things, tlierefore, because 
wc know them to-be not a delivery of mere 
words, b. Oh ! that all would do this, whether 
in their opini<»n or not there was ecpial advantage 
or i\o. 7. Ah ! how ditlereiit might things lie ; 
wliat tlitierences could be ijuite put out by a 
more happy h]iirit, and through (he use of words 
or language wliich should give m> care. 8. Why, 
if we have the will to delivm- it, in tlie awe of 
Ood, this may yet lie so ! lb Aye, of a truth, 
he himself is of this oj>inion ; for myself, 1 shall 
use this very Iniiguagij with your doctor. 10. As 
usual, 1 shall put down every word delivered in 
Pluuiography, which is of gia'uf use iii my liand. 

11. It is (juite usual, too, for me to see not 
several but a very large number of t hose who 
UKt? it-, and whose j)rinci|Md [ileasure it is t-o do 
all toward the imjirovement of others in it 
wdien near them, according to tlieii* itpiMirtunity. 

12. It should he romemliered that much w'as 
done during the tirst year, ay and beyond, for 
it is over t w<» years ago that he told you to come 
or go to them wlien you had any difticult thing. 

13. Under them our members, in a short wliile, 
I think, after the above, will e<pially improve 
much. 14. I know all will go up with us 
to thank him, at or from whose hands lias 
|>rincif«dly been given so much, and therebire 
it is of importance that he should he called 
u]H)n and tluinked. 

Writing ia Position. When writing very 
nipidly it is impossihle t/> insert many vowels. 
This has Imjcii recognised throughout, and the 
rules of the system liave been foniiulated, as far 
as [siHsible, with a view' to thj) indicatum of the 
vowels when they are omittecl. Thus, for 
example, it is provided tliat where there is an 
initial vowel there must be an initial stroke 

consonant, as in the words aid:, €«/»/, 
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amwilf etc. And, in the seme way, where 
there ia a final vowel there must alao be a final 
Htroke conaonant, aa in the worda X) racy^ 
monfirj^ etc. In theae and aitiiUar worda 
the preaeiice of an initial or final vowel ia 
indicated by the outline of the word, without 
actually wnting the vowel aign. Further 
inatancea of a like nature will readily occur 
to the atudeiit, in coniu^ction with the rulea for 
the writing of upward and d«>wnward I and i. 


In addition h> the foregoing niethoda of vowel 
Mignification, there ia the wnting of conaonitntal 
outlinea in jHmlioti^ by which it ia poaaible to 
indicate the vowel or the princifml vowel in a 
word. Aa there aio three {xiHitiona in which to 
pl/ioe the vowela when inaorl/od, ao there are 
t ln ee {H>aitiona in which to place the consonantal 
outiineH when the vowela are omitted. The 
poaitioiiN are named respectively first fH}sUion^ 
aecoiul and third pimtitm; tlie fii'at 

being ubDiyr. the line, the aecond on the line, 
and the tfiird through tlie lino; thua i, ...J... 

2 , . 1 ... 3 , 


When the vowel or princijial vowel in a word 
ia a first-ftlace vowel, the outline for the vvoixl ia 
written in tlie first alxwo the Hr. 3; thua 

-Zl.. ,.Lr-. do('h\ Ij dAixujhtai^ ^''yarryy 

lu iujh. 

When the vowel or princijial vowel in a word 
ia a second- ftiurr vowel, the outline for the w(-rd ia 
writt tMi in the second iHtsition^ on the lint ; thua 

I. fidt, S^/oiiy, .. V . dehtoi y /. V. 

When the vow'ol or princijial vowel in a w'ord 
ia a ihiid-iixu'e vowel, the outline for the woi*d 
ia written in the third fstsHion^ through the 
lino ; thua . keyni^ /<<<'}/» f^^det\ 

^ curious, i't'o/. * 


In worda conaiatiiig of a horizontal letter 
nrecedetl or followed by an upright or alojiing 
letter, the latter determines the jawition of the 
outline, the horizontal letter being raised or 

lowered as required ; thua pecK\ 

\^. ph'k ; cup, ~ZS ('■ope, -rx^ 

Dciivative woi'da should commence in the same 


jxiaition as the jirimary W’ord ; thua c — care, 
cai'fful, anxfom, anybody. 


y 


anywhej^t, 

nowhe.iy. 


no one, 




iUibody, 


There is no third ^mithm for words whose out- 
linea consist of horizontal letters only, «»r of 
half-sized letters only, or of horizontal letters 
joined to half -sized letters. When the vowel or 
principal vowel in such woi'ds is a third-place 
vowel, the outline is written in the second 

position, on the line ; thus sunk^ 

o^^sink; j!ff,„standing, tendered, %^^vUered, 


..■rC gallant, ^ edt, ^ kUt; watted, 
^ moled, ^ meted. 


Words in which the diphthong t is accented 
are written in the ^rat positum; as higher, 
guid ince. Where the diphthong otv is 
accented, the outline of the word is written in 
the third jmition; aa pr(nd. 


Double -length perpendicular strokes and 
straight sloping downatrokes take only the third 

j:)osition, through the line ; as ponder, 

plunder, pounder, — j- tender, 

asunder. A double-length curved sloping 
strc)ke, or a straight upstroke, can be written in 
the tliree positions ; as father, fetter, 

future, UUter, letter, litter ; 

umuder, uonder, u'inter. 

In words which begin with a first-place 
vow'el, the insertion of the initial vowel will 
usually afford the greatest facility in reading. 
But the initial vowel need not be written in 


wortla like ..7)*.. arise, orderly, .,1- cuH:, 

where it is indicated by the first consonant. 
It should, however, be written in such words 


as ^ apfxisite (to distinguish the outline from 
^ opfnmfe), addreiis (to diatinguiaJi it from 
"I dress), administration (to distinguish it 
fi'om denwnstnxtiou). It is sometimes 

necessary also, for the sake of distinction, to 
insert a final vowel in w’ords where the vowel 
cannot be indicated by the form of the last 

consonant ; as lady (to distinguish from 
load), monarchy (to distinguish from 

monarch), fa€?nj/(to distinguisli from name). 


~“^extricut€ (to distinguish from ertract). The 
student will meet with other instances where 
there is a liability of clashing unless a vowel is 
inserted. Experience only will guide him in 
this matter, but he should rather vocalize more 
freely than necessaiy than run the risk of 
illegibility. 


The rulas as to position are not applicable to 
such words as have outliiuis of their own, (which 
are readily recognised by their distinctive form), 
because the inconvenience of writing words like 
dogmatic, Trafalgar, etc., in the first position, 
and disciplim, Peterborough, etc., in the third 
position, in accordance with their accented 
vowels, would not be compensated by greater 
ease in reading. 


In the final instalment further instruction 
will be given, which will enable the student to 
read aiSl write the Reporting St^le employed 
in note-taking of various dei^puons. 
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PARLIAMENTARY POWERS cmi 

ENGINEERING 

RegnlAtioDS and Practice in Obtaining* Parliamentary Powers 9 

for Railways, Tramways, Canals, Bridges and Other Works 

l uittlitiutl f«ou> ] a i lU** 

By A. TAYLOR ALLEN 


Parliamentary Work. Parliamentary 
work consistfl of the preparation of plans 
and sections for projected schemi's l>efort' 
Parliament having reference to railways, canals, 
harbours, docks, waterworks, gas. tramway, 
and other kinds of engineering sclu'mes. 

Tlie plan and sections shonlrl agi\‘c from 
actual measurements on the ground, the on(‘ 
being eo-existent with the other, the hmees 
and other objects being propt^rly delineated in 
their lateral position, so that the enginei'r for 
tiie scheme, on the apfawanee of the ja'titions 
and subsequent efforts, may sustain the all«*ga* 
tions against his work by tlie opponents to tlu> 
Bill, and that his plans may successfully pass 
ujKin Standing Orders. 

Parlifmientarv work is very rari'ly accom- 
plished without the surveyor and his staff 
having, in some shape or form, to trespass 
upon the propc'rty of others, aiul it should be 
kept clearly in mind that, under such eireum- 
fltancos, it is essential to fulfil one's duties with 
as little eliancc of offending the ow ner or occupier 
as possible, and most assuredly to avoid doing 
any damage. 

Qualities in the Surveyor. By courtesy 
and consideration in field work, tlie surveyor w ill 
enlmnco his [Kisition and eoinmand th(‘ respect 
of a landowner, whom, at a future date, h(‘ may 
mef‘t either as a promoter or objector of the 
projected scheme. He must be qualified to act 
P.S witness, arbitrator, or umpire— three qualiti- 
calioua which demaml the most careful training. 
As a witness, he must have clear opinions and 
clear reasons for holding them, and these 
0])inions he must be able to express in eoneisc 
and lucid language. As an arbitrator, he should 
have the qualities of an advocate, discriminating 
those points most favourable to his own caw 
and lucidly enforcing them. As an umpire, he 
shall liave the qualities of a judge, skill and 
judgment in weighing evidence on both sides, 
and in selecting only the material jKjints. 

Projected Schemes. Tlie regulations 
regirding the preparation and dcfxisit of plans 
and 8C*ctions for projected schemes are Ix^st 
explained by giving extracts from the Standing 
Orders of the Houses of Parliament affecting 
private Bills: 

In cuses of Bills of the second class a plan 
and also a duplicate thereof, together with a 
book of reference thereto, and a section 
and also a duplicate thereof, as hereinafter 
de.scribed, and in casfis of Bills of the first class, 
under the powers of w^hieh any lands or houses 
may be taken or used compulsorily, and in the 
case of all Bills, by which any charge is imposed 
upon any lands or houses, or any lands or 
bouses are rendered liable to have a charge 


imposed u)ion them in respvct of any improve- 
ment, a plan and duplicate themif, together 
with a book of refereree thereto, shall Im* 
deposited for p^ihlie inspi'ction at the office of 
the clerk of tne peace for every county, ritling. 
or division in England or lri‘lan(l, or in th(‘ office 
of the prineifinl slieriff clerk of every eoiinty in 
Scotland, and w^h(‘n* any county in Si'otland is 
divided into districts or divisions, then also in 
the office of the principal sheriff clerk, in or for 
each district or division, in or through whieli tlie 
work is proposed to 1 m‘ made. maintaimM:l. varied, 
extended, or enlarginl. or in which such lands 
or houses are situate, on or la'fore November 
.‘loth immediately preceding the application for 
th(‘ Bill ; and in the ease of railway Bills, the 
Ordnanei' map on the scal(‘ of 1 in. to a mile, 
with the line of railway dehn(‘nt(‘d th(‘reon, so as 
to show' its gimeral course and ilin'ction, shall he 
deposited willi siu^h plans, sections, and hnok of 
reference ; and the clerks of the jieaee or sheriff 
clerks, or their restK‘etive deputies, shall make 
a memorial in writing upon th(‘ )»lanH, sections, 
and hooks of nfferenee so d(']>ositt*d with them 
denoting the rime at wliieh tin* same were 
lodgfsl in their respect iv(‘ ottie(‘s, and sliall at 
all reasonable lumrs of the* day permit any 
person to view and examine one of tln^ same, 
and to make copies or ('xiraets thereform ; and 
one of the two plans and sec tions so depositcxl 
shall 1)6 soak'd up and refainisl in the fjossession 
of the clerk of the pc^aee or sheriff clerk until 
calk'd for by order of one of the t^vo Houhch of 
Parliament. In eases of Bills wherc'hy it is 
propoHcnl to alter or extend tlie municipal 
boundary of any city, borough, or urban dis- 
trict, a map on a scale of not less than 3 in. to 
a mile, and also a duplicate thereof, showing as 
w^ell the present Ixiundaries of the* city, horoiigli, 
or urban district as the iKiundaries of the pro- 
posc*d extension, shall he deposiU'd with the 
town-clerk of sucdi city or borough, or ek*rk of 
such urban district, who shall at all rcasonabh' 
hours of the day fK*rrait any person to vic*w' and 
examine such map, and to make (50pie« thereof ; 
and a copy of the said map, with the said 
lK)un(iaries delineaU*d thereon, shall also l)e 
dofKisited at the office of the Board of Agriculture 
and Fisheries. 

On or l>efore Novc?mlx*r 3()th a copy of the 
said plans, sections, and l)ookH of reference, 
and in the case of railway Bills, also a copy of 
the Ordnance map, with the line of railw'ay 
delineated thereon, shall bq deposited in tin* 
Private Bill Office of this House. 

Tramway Schemes. In the ease* of 
Bills for laying down a tramway, an Ordnance 
map of the district on a scale of not less than 
G in. to a mile, with the line of the propO'Mxl 
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tramway marked thereon, and a diagram on 
a scale of not less than 2 in. to a mile, prepared 
in accordance with the specimen to be obtained 
at the office of the Board of Trade, must also 
Ik; dopositetl at that office on or before No- 
veinbe;r 90th. 

Electric Schemes. In cases of Bills for 
the supply of electrical energy, an Ordnance 
map on a scale of not lefts than 1 in. to the mile, 
witn the proposed area of suj^ly marked thereon, 
shall Ik; d^*po8ited at the office of the Board of 
Trade on or before November 30th. 

Tidal Lands. In cases where tidal lands 
within the ordinary spring tides are to be 
acquired, or in any way affected, a copy of the 
plans and sections shall, on or before November 
'tOth immediately preceding the application for 
Ihe Bill, lie dcpositiKl at the office of the Harbour 
Department, Board of Trade, marked “ Tidal 
Waters,'’ and on such copy all tidal waters shall 
I Ml coloured blue, and if the plans include any 
bridge across tidal waters, the dimensions, as 
regards span and headway of the nearest bridges, 
if any, ivcross the same tidal waters above and 
Ik;1ow the proposed new bridge, shall be marked 
thor(H)n ; and in all such castes such plans and 
’lections shall be accompanied by an Onlnance 
map of the country over which the works are 
pro|)osed to ext<»na, or are to be carried, with 
their position and extent, or route accurately 
laid down thereon. 

Riverside Schemes. In coses where 
the work is to situated on the banks, fon;* 
shore, or bed of any river, a copy of the plans 
and sections shall, on or before November 30th 
immediately prectniing the application for the 
Hill, be d<*pOHited — 

1. If the river is in England or Wales, at the 
office of the lioaM of Agriculture and 
Fisheries ; 

'2. Or. if the river is in Scotland, at the office of 
the Seeretary for Scotland ; 

3. Or, if the river is in Ireland, at the Irish 

Office. Westminster, and at the office of 
the Department of Agriculture and Tech- 
nical Instruction for Ireland, Dublin ; 

4. And if the river is subject to a board of 

conservators, at the office also of such 
board. 

Railway. Tramway, and Canal 
Bills. In the case of railway, tramw^ay, and 
canal Bills, a copy of all plans, aections, and 
books of reference, required to be deposited in 
the office of any clerk of the peace or sheriff 
clerk, on or before November 30th immediately 
preceding the application for the Bill (and in 
the case of railway Bills also a copy of the 
Ordnance map, with the line of railway delineated 
thereon), shall on or before the saine day be 
deposited in the office of the Board of Trade. 

Local AutBoritioa. Where, under the 
powers of any Bill, any work is intended to be 
made, maintained, varied, extended, or en- 
larged, or any lands or houses may be taken or 
us^ compulsorily, or an improvement charge 
may be imposed, a copy of so much of the said 
plans and sections as relates to any of the areas 
Wreinafter mentioned, together with a copy td 
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so much of the book of r^eranoe as relates to 
such area, shall, on or before November 30th, 
be deposited with the officer respectively herein- 
after mentioned, that is to say, in the case of 

(a) The City of London, or any borough in 
England or Wales^ whether metropolitan or 
other, with the town*olerk of such city or 
borough ; 

(b) Any urban district in Ehigland or Wales, 

not being a borough, with the clerk of the 
district council ; 

{c) Any parish in England or Wales having a 
parish council, with the clerk of the parish 
council, or if there is no clerk, with the 
chairman of that ooucil ; 

(d) Any parish in England or Wales comprised 
in a rural district, and not having a parish 
council, with the chairman of the parish 
meeting, and with the clerk of the district 
council ; 

(e) Any burgh in Scotland, with the town -clerk 

or clerk ; 

if) Any parish in Scotland, outside a burgh, with 

the clerk of the parish council ; 

ig) Any urban or rural district in Ireland, with 

the clerk of the district council. 

Deposit with State Departments. 
Where, by any Bill, power is sought to have any 
churchyard, burial-ground, or cemetery, or any 
part thereof, or to disturb the bodies- interred 
therein, or where power is sought to take any 
common or commonable land, os the case may 
be, a copy of so much of the plans, sections, and 
books of reference required by these orders to be 
deposited in the Private Bill Office in respect of 
such Bill as relates to such churchyard, burial- 
ground, or cemetery, common or commonable 
land, shall, on or before November 30th, be 
deposited at the office of the Secretary of State 
for the Home Department, and a copy of so much 
of the said plans, sections, and books of reference 
as relates to such common or commonable land 
shall, on or before the said day, be deposited at 
the office of the Board of Agriculture and 
Fisheries. 

Gasette Notice. Wherever any plan, sec- 
tions, and books of reference, or parts thereof, 
are required to Ije deposited, a copy of the notice 
published in the Gazette ” of the intended 
application to Parliament shall be deposited 
therewith. 

Deacription of Plana. Every plan re- 
quired to be deposited shall be drawn to a 
scale of not less than 4 in. to a mile, and shall 
describe the lands which may be taken or used 
compulsorily, or on which an improvement 
charge may be imposed, or which are rendered 
liable to the imposition of an improvement 
charge, and in the case of Bills of the second 
class shall also describe the line or situation of 
the whede of the work (no alternative line or 
work being in an^ case permitted), and the lands 
in or through which it is to be made, maintained, 
varied, extmded or enlaraed, or through which 
any communication to or m>m the won may be 
mMe ; and where it is the intention of the {uro- 
moters to apply for imwers to make any lateral 
deviation m>m the line ni the proposed work. 
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the limite of such ck^viation ahail be defined upon 
the plan, and all lands ineluded uitliin biu h 
limits shall be marked thereon ; and unless the 
M’hole of such plan shall be upon u scale of ni>t 
less than a quarter of an inch to every 100 ft., 
an enlarged plan shall be added of any building, 
yard, courtyard, or land within the curtilage of 
any building, or of any ground cultivated as a 
garden, either in the line of the proposed work, 
or included within the limits (»f the said devia- 
tion, upon a scale of not less than a (piarter of 
an inch to every 100 ft. 

Canals, Reservoirs, and Aqueducts. 
In all cases w-here it is proposed to make, \arv, 
extend, or enlarge any cut, canal. reservi»ir. 
aqueduct, or navigation, the plan shall describe 
the brooks and streams to be directly diverted 
into such intended cut, canal, re.'^ei voir, a(|ueduet. 
or navigation, or into any variation, extension, 
or enlargement thereof respea* lively, for supply- 
ing the same with water. 

Powers for Railways. In all eases where 
it is proposed to make, varv, ext(‘nd, or enlarge 
any railway, the plan shall exhibit thereon tlu* 
distances in miles and furlongs from one* (»f the 
termini ; and a memorandum of the radius of 
every curve not exceeding one mile in U ngtli shall 
be noted on the plan in furlongs iind chains : 
and where tunnelling as a substitute for open 
cutting is intended, the same Hhall Ik* mnrktd b\ 
a dotted line on the plan, and no work shall be 
shown as tunnelling in the making of which it 
will be necessary to cut tluougti oi remo\e the 
surface soil. 

Diversion of Roads. If it Im intended 
to divert, wdden, or narrow any public earriag<' 
road, navigable river, canal, <»r railway, tin 
course of such diversion, and tin* extent of sucli 
widening or narrowing, shall he marked upon 
the plan. 

Railway Junctions. Wlun a railway is 
intended to form n junction with an exist inu' 
or authorised line of railway, the course such 
existing or authorised line of railway shall b<* 
sliown on the deposited plan for a distance of 
800 yards on each side of the proposed junction, 
on the same scale as the scale of the gemual }ilan. 

Street Tramway Bills. In ease.** of 
Bills for laying down a tramway, the plans sliall 
indicate whether it is propositi to lay such tram 
way along the centre of aiiv street, and if m»t 
along the centre, then on wiiich side of, and at 
Avhat distance from, an imaginary line drawn 
along the centre of such street, and whether <»r 
not, and if so, at what point or jioints it is pro- 
|>osed to lay such tramway, so that for a distance 
(d .30 ft. or upwards a less space than 9 ft. 0 in., 
or if it is inlenditd to run thereon (arriages or 
trucks adapted for ust‘ uj)un railways, a less 
space than 10 ft. 0 in. shall intervene between 
llie out.side of the footpath on caclt side of the 
road, and the neare.d rail of the tramway. 

All lengths shall be stated on the plan and 
section in miles, furlongs, chains, and decimals 
of a chain. The distances in miles and furlongs 
from one of the termini of each tramway shall 
be marked on the filan and section. Each 
double jKirlion of tramway, whether a |>a.s.Mng- 


place or otherwise, shall he indicated by a 
double line. The total length of the road upon 
which each tramwnv is to U' laid shall bt* 
stated — I.C., the length of route of each tram- 
wav. 

i'he length of each double anil single iKirtkm 
of such tramway, and the total length of such 
double and single portions resjH*ctively, shall 
also be stated. 

In the cast' of double lines (inehiding pa.ssing. 
places) the distance Indween the centixi Hues 
of each line of tramway shall Ik* marktHl on the 
])lans. This distance must in all eases 1 m‘ 
sufficient to leave at least 15 in. bc(wt*cn tlie 
sides of the widest carriages and engines, to lie 
used on the tramways when passing one another, 
d'he grotlients of the road on wliich eaeh tram- 
way is to be laid shall Ik* marketl on llie ^c.•tit)n. 
Every crossing of a railway, tramway, river, 
or canal, shall lie shown, spt*eifying in the euso 
of railways and trannvays whether they are 
erosseti over, under, or on the level. 

All tidal waters shall ho coloured blue. 

All })lact‘s where, for a distance of .30 ft. and 
upwards, there will Ik* a less spar*e than 9ft. (i in. 
iK'tween the outside of the footpath, on either 
side of the rood and the n(*arest rail of the 
tramw'ay, shall be indicated by a thick dotted 
line on the plans, on tlie sidi*, or sides, of the 
line of tramwiiy when* such narrow phures (K*eur, 
as well as noted on the jilans, and the width of 
the road at those plaix's should also Ik* inarke'd 
on the filans. 

The preceding paragraph shall apply, in tho 
ease of a Iramroad, whi'icver it is I'Cvnied along 
a street or road. 

Definition of Improvement. In tlie 
ease of Bills eontaimng jiowcr to impost* on 
any lands or h()iis(*H, or to icmlci* any lantls or 
houses liable to the imposition of any charge 
in resjK'ct of any impiovemenl. the plan shall 
define tin; im})rovenient, and also llu* improve- 
ment area (la'ing the limits within which tho 
charge may lx; inijiosed). 

Book of Reference. 33ie Book of Kefer- 
enee shall contain tin* names of the ow^ners. or 
re})uted owners, h'ssees, or reputed lessees, and 
occupiers of all lands and houst's, wliieh may 
Ik* taken or used compulsorily, or u|ion which 
any improvement charge* is imjiosc'd, or which 
are rendered liable to have an improvement 
charge imposed upon them, and shall d(*serilKj 
such lands and houHt‘H resjiec lively. 

Ordnance Datum and Scale. 3'ho 
section shall lie drawn to the same horizontal 
scale as the plan, and to a vertical scale of not 
less than one inch U) every l(K) ft., and shall 
show the surface of the ground marked on tho 
plan, tin* intended level of the firopowd work, 
the height of every embankment, and th(* di?pth 
of every cutting, and a datum horizontal line, 
which shall be the same throughout the wholo 
length of the work, or any branch thereof, 
respec'ti vely, and shall Ixf referred to some fixed 
point (stated in writing on the section), near 
some portion of such work, and in the case of a 
canal, cut, navigation, f>ublie carriage road, or 
railway, near either of the termini. 3’ho 
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distance of such fixed potnt above, or below, 
an Ordnance bench mark in the locality of the 
propoeed works, and near one of the termini, 
and the height of snch bench mark, above 
Ordnance datum, shall also be stated. 

ImprowemeAt of Nawlgatlon. Incases 
of Bills for improving the navigation of 
any river there shall be a section which shall 
specify the levels of both banks of such river ; 
and where any alteration is intended to be made 
therein, it shall describe the same by feet and 
inches, or decimal parts of a foot. 

Railways. In every section of a railway, 
the line of the railway .narked thereon shall 
correspond with the upper surface of the rails. 
Distances on the datum line shall be marked in 
miles and furlongs, to correspond with those 
on the plan ; a vertical measure from the datum 
line to the lino of the railway shall bo marked 
in feet and inches or decimal parts of a foot 
at the commencement and termination of the 
railway, and at each change of the gradient or 
inclination thereof ; and the proportion, or rate 
of inclination, between every two consecutive 
vertical measures shall also marked. 

Wherever the lino of the railway is intended 
to cross any public carriage road, navigable 
river, canal, or railway, the height of the railway 
over, or depth under the surface thert^of, and 
the height and span of every arch of all bridges 
and viaducts, by which the railway will lie 
carried over the same, shall be marked in 
figures at every crossing thereof ; and where 
the railway will be carried across any such 
public carriage rood or railway, on the level 
thereof, such crossing shall be so described on 
the swtion ; and it shall also be stated if such 
level will be unaltered. 

If any alteration bo intended in the water 
level of any canal, or in the level or rate of in- 
clination of any public carriage road, or railway 
which will l>e crossed by the line of railway, 
then the same shall he stated on the section, 
and each alteration shall i>e nuinb<Tod ; and 
cross sections, in reference to the numbers, on 
a horizon t^ll scale of not loss than 1 in. to every 
3vl0 ft., and on a vortical scale of not less than 
1 in. to every 40 ft., shall be added, which shall 
show the present surface of such road, canal, or 
railway, and the intended surface thereof 
whori altered ; and the matest of the present 
and intended rates of inclination, of the portion 
of such road or railway intended to be altered, 
shall also be marked in figures ;thcreon ; and 
whore any public carriage road is croe^ on 
the level, a cross section of such road shall also 
be added, and all such cross sections shall extend 
for 200 yards on each side of the centre line of 
the railway. 

EmbanKments and Cuttings. Wherever 
the extreme height of any embankment, or 
the extreme depth of any cutting, shall exceed 
5 ft., the extreme height over, or depth under 
the surface of the ground, ahall be marked in 
figures upon the section; and if any bridge 
or viaduct of more than three arches shall 
intervene in any embankment, or if any tunnel, 
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4ietght or depth shsli be marked in fignres on 
each of the parta into which such embankment 
or catting shall be divided by such bridge, 
viaduct, or tunnel. 

Tunnelling and Vinducts. Where 
tunnelling, as a substitute for open cutting, or 
a viaduct, as a substitute for solid embankment, 
is intend^, the same shall be marked on the 
section, and no work shall be shown as tunnel- 
ling in the making of which it will be necessary 
to cut through or remove the surface soil. 

Gradient in Case of Junctions. When 
a railway is intended to form a junction 
with an existing, or authorised, line of railway, 
the gradient of such existing, or authorised, line 
of railway shall be shown on the deposited 
section, and in connection therewith, and on 
the same scale as the general section, for a 
distance of 800 yards on each side of the point 
of junction. 

Form of Estiinsto. The estimate for 
any works proposed to be authorised by any 
railway, tramway, tramroad, canal, dock, or 
harbour bill, shall be in the following form, or 
as near thereto as circumstances may permit. 


Line No. 


EatimaU of the Propoiied Railway. 


Wht'thcr 


Miles. L 


single or 
oh. double. 


Length of line . . 

Cubic Yds.Prioc per Yd. t e, d. I ». d. 


Earthworks : 
Cuttings — 
Rook .... 
Soft Soil . . 
Roads 


Total 


Kmhonkmontrt, including roads. 

Cubic yds. 

Bridgets — Public roads Number 

Aooommodalion bridges and works 

Viaducts 

(Culverts and drains 

Metalhngs of roads and level crossings 
Gatekeepers’ houses at level crossings 
Permanent way, including fencing 

Miles, fgs. chs. Cost per mile. 

£ s. d. 


Permanent way for sidings and cost of 

junctions 

Stations . . , . • 


Contingencies . . . . per cent. 


Laud and buddings 

A. p. p. 


Total £ I 

The same details for each tranoh, and general 
summary of total oost. 


Continue 



The Operations of Breaking;, Mixing, Opening, and Scutching Cotton. 
The Machines Employed. The Waa^ung, Dressing, and Filling of Silk 
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REDUCING COTTON AND WASTE SILK TEXTILES 


C\>iiUuur«l li'ttoi 
|Mg« ll'iO 


By W. S. MURPHY 


COTTON 

Selecting the Material. The British 
cotton -spinner gathers his raw mi^terial from 
afar, and on the cotton market the choice is 
wide. Here are Egyptians, broum and white ; 
East Indian cottons ranging ^ 

from medium to very coaise ; 

New Orleans. Peruvian, West 

Indian, Brazilian, Sea-Island, and Ay 

many other cottons, as the .^-7 f i Hm m 

student already knows. The 

question now is. What kind of 

cotton do we want ? Surats, 

Bengals, and inferior Uplands 
make coarse wefts ; Bahia, 

New Orleans, Demerara, and I 

inferior Sea-Islands form fine 
muslin wefts ; warps are spun 42 , the pri 
from Egyptians, Maranhams, qj. 

Pemams, and Sea-Islands ; brown 
Egyptian and fine Sea-Island are mixed for the 
finest sewing threads. The selection is varied, 
but the task of selecting is lightened by the 
fact that most manufacturers specialise in 
a limited range of 

yams, some concen ^ 

trating on fine counts, r"] I 

others on mediums, ^ 

and a few on special / /ife !5 h ’ 

classes of yams, while j m 1 

the vast mass of the / IS V 

trade must be content / jS Jj ' 

with producing low / j® Ijl 

counts, ranging from j jS ioj 

lO’s up to SO’s. I is jli 

The best commercial / m i®; 

results are obtained by /jj® i«i — 

mixing the fibres in / B lo* 

various ranges of / iS ; J- 

quality. By judicious / B ioj 

mixing it is possible I IS jo! 

to obtain a good / IB jjj 


42 . THE PRIMITIVE WILLOW 
OP NORMANDY 


quality of yam more 

cheaply than by using fjgj ^ 

only one kind or class 

of cotton-wool. In the .ji'il'i |j| 

selection of cottons | j 

there are severalpoints h' l| 

to be observed. Weight 
to length is given as 11 

the cotton - spinner’s i , ^ 

standard. That is to 43 ^ conical w 

say, so many hanks 

of 840 yards each must weigh 1 lb. avoirdupois, 
lire finer the yam, the greater the number of 
hanirn in the pouud. Every yard of the yam 
must be of the same weight. This is a very 
strict test of accuracy in spinning, one would 


think, but it does not include everything. 
A soft, weak yarn may have the same pro- 
portion of weight to length as a fine, strong 
thread. A harsh and brittle cotton may now 
be spun, with our delicate machinery, into a 
very high count. Fineness, 
lustre, tensile strength, and regu- 
larity arc, therefore, qualities 
which must be considered. The 
best general rule is to mix fibres 
of the same length of staple and 
similar structure, combining, if 
possible, supplementary charac- 
^ ters. The mixture of brown 

Egyptian and Sea-Island is a 
gooa example. Tlie fine softness 
I of the latter modifies the hard- 

ITIVE WILLOW ness of the former, while the 

MANDY great tensile strength of the 

Egyptian odds just the quality 
in which Sea-Island is comparatively deficient. 

Bale BreaKing. Having selected our 
cottons, we bring them from the stores, and 
proceed to break up the bales. For this purpose 
we have proviaed our- 
selves with a bale- 
breaker. C’aked hard 
with the bale-press, the 
ctHR halo breaks up in 

lumps, and these are 
Mulvll by hand on to the 

lattice traveller, which 
carries them up to the 
first pair of deeply 
fluted rollers. These 
move slowly, and draw 
the masses gently into 
the ma(jhine, and 
deliver over to another 
pair of rollers revolving 
at a higher 8f)eed. In 
consequonee of their 
higher speed, the 
, .. swond pair of rollers 

-r drag faster than the 
Ijj! j 1 J, 'j first deliver, and thus 

' ; ;;J !'■ pull asunder the clog- 

! 1 j U god fibres. A third 

— - aax WMf” rollers running 

I I behind the second pair 

at a rate of speed still 

LLOW. TOP VIBW higher, draw the 

stales further apart; 
the fourth and laat pair ot rollers operate in 
similar fashion, delivering the cotton in a fine 
fleecy state. While being broken, the cotton 
drops a marvellous collection of hard substances 
into the box below, varying from small pebbles 
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to niooeft of worn-out shoes. On this account, 
ana to arotd injuring the fibres, the bale- breaker 
should be carefully used, and constantly 
attended. 

Mijciaf. We have already discuKs^xl the 
theory of mixing, and now come to the practice. 
There is one difference in cotton fibres which is 
above and beyond all the selective |iower of 
man, and we must refer to it briefly. Cotton 
is a natural product, and Nature do?H not act 
on mechanical lines, but on vital principles. 
Examine, even with the nak(xl eye, a staple of 
cotton from a single pod, and you will see that 
the flbrcm are in different stages of ripeness ; 
some arc beautifully flanged, like symmetrically 
curved ribbons ; others arc straight tubes, with 
the vi^getable sap yet in them. Unless these 
fibres can bt‘ very intimaU'ly mixcol, wc cannot 
obtain from them a uniform yam. Mixing the 
fibres is only the first of the dcvi(ies by which 
the eott on -spinner endeavouis to combat this 
obstinate fact. Combine differences to make a 
uniform average ; that Js the rule, and it must 


V^Tien different fibres are to be combined in 
one yam the mixing is sometimes deferred till 
the scutcher is passed. A soft fibre needs to be 
much more gently treated in the owning and 
scutching than a strong, hard fibre, llie cotton - 
wools are therefore brought sej^rately througli 
to the lapping machine, which is then operated 
as a stxKrial machine, and there combined, to 
lx‘ ready for the carding. But this method cannot 
l»e detailed further, bwause understanding of it 
pre-Kupposes knowledge of processes not yet 
8tudit*d. The fact is mentioned to indicate the 
resources the ingenious mind discovr^rs in pro- 
cessrs apparently simple and almost inevitably 
routine. 

In textile manufactures, not less than in any 
other human pursuit, resourcefulness carries a 
ni'in forw’ard to success. Never l>efore in the 
kno .vn history of the w orld was there such a pre- 
mium on fertility of resource in the minds of 
industrial workers. Eveiy detail of everv 
manufactur i ng 

process is being , 

si'arehed to the j/ 



44 . EXHAUST OPENER AND LAP MACHINE 


be rigorously prirotisetl nglit into the heart of the 
sp'nning dejiartmeiit. 

S 'veral methods of mixing art^ adopted. Tlie 
oldest and most commonly practised is called 
(iolching. “ Stacking " is another name for the 
method, whicli is simply the laying of one thin 
layer of fibres on the top of the other till a high 
stack is formed, then raking down the sides 
vertically with a fine rake. Another method is 
practisiKl in certain mills which, we think, have 
the future with them. The object of these mills 
is to dispense with human labour to the very 
utmost. From the bale -breaker the cotton is 
carried on lattice travellers that branch off in 
different directions, and at the end of each branch 
revolves a scoop, so tilted that all it receives is 
dropped on to the floor beneath. The speed of 
these scoops is varied, now quick, now slow, and 
the area over which the cotton is distributed 
varies with the centrifugal force of the revolving 
scoop. 
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uttermost by riv^al firms and rival nations. The 
motto of Napoleon — “ The tools to him who can 
luuidle them ” — is becoming more and more the 
law of industrial enterprise. 

Opening. If the bale-bn^aking and mixing, 
by.manual or mechanical labour, have broken the 
cotton into fine flakes, they have done ail that 
can lie expected of them, and further separation 
of the fibres must be accomplished by other 
means. For this purpose a number of machines, 
variously named openers or willows, have been 
developed in a w’ay very interesting in its early 
stages. The first invention was a bench, the 
table of which was formed by a tightly drawn 
netting of cords. On this table the cotton was 
spread, and beaten down with willow wands. 
Next, a man named Bowden contrived a machine 
by which a scries of })arallei rods were made 
to strike the cotton on the netting in rapid 
succession. On the^ other hand, however, the 
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natives df Normandy had long used a machine 
oomposed mainly of plaited willows. “This,” 
says Dr. Ure, is undoubtedly the original of 
the English willow, both in form and denomina- 
ti<Mi.” 

Dr. Knight says that the name given to the 
opener is wholly of English origin, and is simply 
a transfer from the willow-wand beaters on to the 
machine which performcki the beating. We need 
not trouble about names ; the fact remains that 
this old 
cone wil- 
low [42] 
contains 
within it 
the prin- 
eiple of 
all the 
openers 
since in- 
vented. 

Within 

the wattle 
cylinder 
was set 
a spindle 
carrying 
a series of 
spikes ex- 
tending at 

right angles and graduated in length, the 
longest at each end and lessening in size to 
the middle. The cylinder was set at a slant, 
and on the top end was a hopper, into which 
the cotton was fed. Put in motion by hand or 
power, the spikes whirled round, beating the 
cotton against the sides of the cylinder, causing 
the dust to fly out through the open wattle, 
and delivering the cotton at the lower end. 

Later machincH, of which there is a large 


46. COTTON-SOUTCHKE 


under part is an iron gnd or netting. At the 
wide end of the cone a fan revolves above .4 
whirling dust cage, causing a suction of air and 
driving out the dust. When the willow is set 
going and the cotton fed into the narrow' end on 
the travelling lattice, the spikes on the cylinder 
and the casing pull the cotton open, while the 
whirling motion of the cone and the suction of 
the fan cause the fibre to wheel slowly down to 
the wdde end of the cylinder, where it is rw'cived 

by another 

/ / t ravel- 

ling lattice 
and borne 
outward. 
Teased 
open by 
the spikes 
and bmten 
hard 
against 
the grid, 
the cotton 
is made 
fleecy , 
clean, and 
white. 

The 
Oldham 
Opener, 
willows, this 
cottons of a 




1 1 

— 


Probably the oldest of English 
machine is still used for eoarst^ 

.dirty class. The cylinder is rollor-shafwd, and 
so is the casing. The lower side of the case is a 
semi-circular cage or grid, the front halfopc*ning 
and closing on hinges. The cotton is fed into 
the opened grid, which is then closed, and the 
machine started. When the fibres have been 
sufficiently opened, the grid is lowered and the 
cotton thrown out. Improved models of this 







48. MODERN SCUTCHER (PlAtt Bros. A Co.. Oldtiam) 


variety, are more or less successful adaptations 
of the principle exhibited in that ancient 
contrivance. Typical models are the following : 

Cone Willow. A cone-shaped cylinder 
[48] hung horizontally within an iron casing, the 
outer siu^ace of the cylinder and the inner 
surface of the casing studded with spikes, form 
the main worki^ parts of this machine. The 
cylindrical cone is geared on a spmdle to revolve 
at high speed ; the casing is stationary, and its 


willow have been put on the market, advantage 
being taken of the rising and falling of the 
grid to measure by weight the quantities of 
cotton opened. 

The Crighton Opener, The inventor 
of this machine had evidently paid special heed 
to the form of the old Norman wulow. His 
invention, at all events, is a very close adaptation 
of the primitive willow. Instead of a solid, 
cylindrical cone studded with spikes, the 
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CVighton opcmer lifl« a cone grid cncluHing a 
with beater anuK conically graded, the 
conen being Hc*t apex downwarda. through 
HC))arating rollerH,the cotton into the w ide 

end of the cone bcaU*r» through tubes, and goes 
whirling round, flying from grid to beaters, and 
lx»at<;rH to grid, till it reaches the bottom, where 
it in drawn off, speeded }ty the fans from whose* 
wings II constant stream of air rushes through 
the machine*. 

Ejchaunt Opener. The student should 
now be fairly well acquainted with the functions 
discrhargtxl ny the various parts of an opener, or 
w’illow, and we therefore contentedly quote the 
account the makei*s give of this machine : ‘‘ 'I he 
cotton is taken from the mixing and H[>re4id on 
the lattice f»f the feeder, the feeder having 
collecting roller, tw'o paiiv of feed rollers, and 
cylinder, which deliver it to the dust trunks, 
over which it is drawn by the action of the 
exhaiisl fan into the cylinder of the o|H’ner. The 


connection between feeder and opene»- is auto- 
matic in its action, and requires no attention." 

Scutching. At this point, cotlon-spinncrs 
who have been paying little or no attention to 
weight must begin. From the scutcher the 
cotton passes to the carder, and then there is no 
drawing back, except at great cost. The weight 
to length of a given fineness of thread has been 
inevita bly determined. ‘No matter how irregular 
the lafis, the carder will inexorably reproduce 
eveiy defect in the sliver, and it will go on 
through the whole range of spinning machines, 
recording the error as mercilessly as the liook 
of Life its(*lf. 

The Scutcher. There is only one scutcher 
though there arc many different makes and 
n\imerou8 small improvements. In the feeding 
gear es[x*cially we have lx*en greatly assisted 
by machine makers. Originally invented by 
Snodgrass, of Johnstone*, N.B., and improved 
by IVtcr C'ooiht, of Johnstone, (Vighton, of 



47 . COTTON AFTEK SCCTCHINO 


loost* dust is deposiU'd in the dust trunks, and 
the cotton entt'rs the cylinder of the owner by 
tin pi}K's, and aftiT passing the cylinder is 
spre^ level on the first pair of cages by the 
oetion of the two exhaust fans. It then passes 
ilm)Ugh the cages and tw'o pairs of feeder 
rollers, is then subjecttxl to the action of a 
thrcH'-wing lieater, and is made into good level 
lajw, thus obtaining the greaU»st lunount of 
cleaning with the least damage to, and without 
stringing, the fibres of the cotton. By the u.se 
of two fans the cotton is spread level upon the 
cages without having to use dampers. At tlu* 
eommenoemen of eoth lap the rollers at the 
(coder are started a short time befort* the lap 
part of tho of)ener, and at the finish the feeder 
stops the same length of time before the lap 
part. By this moans the trunks and pipi*s an.* 
treed from cotton when the lap }mrt stop, 
and tins obviates any inx^gularity arising from 
the cotton remaining in the trunks. The 
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3Ianehestcr. and many other maehini>ts, the 
seiiteher is one of tho most important machines 
we have. It can be adjusted to work upon any 
class of cotton, and prcxlucc any w’eight of lap 
lequired. At the fore end of the machine [ 46 ] 
is thf* lattice feed, curiously regulated by what 
has lHX*n called the “piano ’ motion. Let us 
explain. The area to be covered by the cotton 
taken in at one time is gauged on the feed-l>oard, 
and it falls into gear only when the weight has 
Inan supplied. This tlelioioy of feed may seem 
adetjuate for many ]>urposcs, but it is not 
accurate enough for the cot ton -spinner. A 
wooden roller controls the feed, anti under this 
roller we have a series of vertical bars connected 
with the cone which rt*gulates the speed of the 
roller. If the la 3 *er of fibre be too thick the.se 
ixids instantU' cause the speed of the roller to 
l>e reduced ; if too thin the speed of the roller is 
quiekem*d by the same automatic agency. 

Fitun the wooden roller the cotton is taken 



into the machine by a pair of deeply fluted 
rollers, and delivered over to the beater, running 
at the rate of 2,000 revolutions a minute, batting 
the fibre with its flat ends against the curved 
grid below, and driving out the dust. The fans 
are blowing hard, and waft the fleecy wool along 
the endless lattice to the sieve cylinder, which 
sucks the dust through while sending the cotton 
on to the second beater, re- 
volving more rapidly than the 
first, upon another grid. 

Thence the fibre; is taken 
hold of by another air- 
sucking eylinder sieve and 
sent forward to the lap- 
forming apparatus. 

Though still hidden witliin w- 
the machine, we know that the 
cotton is now a fleecy muss 
or layer lying loosely on the 
conveyor. Carried foru'ard 
under a guide roller, it is 
made to enter the first of 
two pairs of heavy iron 
rollers, which compress and 
firm it, while delivering to the 
wooden lap cylinder. Note 
the heavy weights on the 
axis of the roller [ 46 ]. bear- 
ing it down upon two other 
rollers revolving in the same 
direction upon it. ' As the lap roller increases in 
thickness, the angles of the weights change, so 
that the pressure continues uniform. When 
the layers of cotton have reached the proper 
thickness, the whole machine, from the first 
pair of rollers backwards, momentarily stops, 
while the second pair of heavy rollers, and 
the rest of the lapping apparatus, run on, 
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build up an ideal cotton factory ; but, so far as 
we have seen, the possible perfection has not 
been attained. Every cotton factory could be 
made practically automatic from the halo-breaker 
to the carder — at least, such automatunism as 
has been made from the carder onward can Iw 
attained. By wise use of the microscope and 
the micrometer at the bale, by cio'eful adjust- 




causing the lap to break off. The lap roller 
automatically descends and gives place to the 
one hung above, and sits waiting the call of 
the carder. Scutching operations have again 
been resumed. 

Throughout our study of this process we have 
kept strictly to common practice. By taking the 
highest here and there, it is quite possible to 


48 SILK PILLING MAPHINE 

ment of machine to mochims and lUMchinc to 
product! v(^ net^l, the end can be gained. By 
this we do not mean to displace labour ; the 
worker will always l.)e nwded in every depart- 
ment of the cotton factory, but his function will 
be higher and l)etter paid. It is in the direction 
of inert'ased efficiency and exercise of higlier 
iatolligonei* that the? worker must l(Kik for un 
II melioration of his 
lot, HO far as it can 
Vk* improved in th(; 
industrial sj[)hcrc. 
The British work- 
man has no superior 
on the face of the 
earth when he 
chooser to use his 
brains. 

SILK 

Washing and 
Dressing Silk 

Waste. Raw silk 
comes to this country 
chiefly in the form of 
a thit^, and there- 
fore does not enter 
into this stage of 
our study. With silk 
waste the ease is 
different. Silk waste is as much a raw fibre 
as either wool or flax, and requires treatment 
resembling in several respects the preparatory 
processes to which both these fibres are subject. 
Bilk is among textiles what gold is among metals ; 
it exercises a magical charm over the minds of 
men. After Loid Masham's famous experi- 
ment, hundreds of textile manufacturers sought 
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to devise for themselves methods of utilising 
waste silks, llie consequence is that we have 
several different processes with machines corre- 
sponding. It is impomible in this course of 
study to view every variation in textile manufoc- 
turin|; processes, and it is only fair to admit that 
ours IS only one or two out of many processes. 
In some factories all silk waste is treated alike, 
but we think the better plan is to make a difference 
between cocoon and other wastes. 

Treating the Cocoons. The waste 
from cocoons consists of broken cocoons, rough 
doss, unnM^lable knubs, and other materia] of 
similar kind. A hot solution of soap is prepared 
in a laundiy washing machine, or dollying tub, 
and into the liquid the cocoon waste is put. B 3 ' 
a simple mechanism the stampers are lifted ana 
let fall, while the tub revolves on a tooth and 
ratchet arrangement. The heated liquid, with 
its strong detergent properties, aided by the 
elastic pressure of the wooden stampers, or dollies, 
drives out the dirt and gum. It is a sii^le 
operation, hut care has to be exercised. The 
stampers may bruise the fibres, and the caustic 
of the soap may shrivel them. With a reason- 
able amount of care, however, we can get clean 
and good fibres from this tub to put into the 
one next it— a cold washing machine, in every 
way similar, excepting that a continuous stream 
of water runs through. The washing done, 
wo j>our the cocoons into a hydro-extractor. 
'Phis is a form of drying machine, bom long 
after the main processes of textile manufacture 
were doterminea, and therefore little used among 
Ufl. Enclosed within a round iron tank, from 
which a waste piw protrudes, is a wide basket 
composed of closely woven w'ire. Plotting 
the wot silk in the win' basket, we put on 
the drive. Slowly for a moment, but quickly 
gathering enormous velocity, the basket whirls, 
the motion driving tlie moisture through the 
sieve into the outer tank, drying the cocoons 
w'ith groat rapidity. 

Next, the cocoons have to bo loosened so that 
the tlireads will float free. {Sometimes this 
is done simply by beating ; but a good machine 
has been invented for the purpose. Over 
a revolving tray is geared an endless band, to 
which a series of belts is attached. Laid on 
tlie tray, the cocoons are subjected to a rapid 
succession of whips from the flying belts, and 
effectually beaten loose. In this condition 
this section of the waste can be allowed to wait, 
for study purposes only, of course, till the other 
section is brought up to the same pitch of pre- 
paration. 

Waahi&g tha Waate. The greater por- 
tion of the waste is a gummy mass of tangled 
material, scarcely recognisable as silk. V^en 
first the waste began to be utilised, it was 
boiled till all the gum was dissolved. Some 
silk manufacturers still favour the boiling 
process, believing that it is gentler on the fibr^ 
than any other method. 'Aough boiling may 
produce good results, the process has been largely 
aisoarded in favour of retting. The masses of 
waate are immersed in shallow* tanks containing 
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a soapy solution. Along the bottom of each 
tank a coil of steam -pipes is laid. Firmly closed, 
the tanks are heatM up to 170° F. by steam 
introduced into the coils, and the mixture 
allowed to ferment. 

If injuiy to the fibres is to be prevented, the 
closest w*atch must be kept, and when sufficiently 
retted the waste should be lifted out and plungea 
swiftly into a dolly-tub containing a w^arra 
solution of soap. The least delay in carrying out 
these acts brings serious consequences, for the 
slimy substance bred in the fermentation hardens 
at once and becomes utterly insoluble. 

The washing and diying of this waste differs 
in no important particular from that canied 
out on the waste cocoons. 

Teasing. Wlien silk w aste first began to Ik* 
utilised, it was thought that nothing less violent 
than the rag-tcarcr of the shoddy manufacturer 
would serve to break up those tangled masses ; 
but of late gentler methods have bwn found to 
answ'cr the purpose Ixdter. In some places, 
the wool -opener is used, and in others the ‘‘fear- 
nought” ; but the latest filling engines, allied 
to the thorough w*ashing w'O have just seen, 
are the only instruments needed to disentangle 
the fibn‘ 8 . 

Filling. Madiiiic makers offer several 
kinds of filling engine. Some have fc*cding bands 
cov*eJtKl with little tooth, to hold the fibres ; 
others have fluted drawing rollers, for the same 
purpose ; but tlic engine w'e illustrate is among 
the newest models [48]. I.Aid on the travelling 
lattice, the fibres are borne into touch with the 
first of a set of rollers closely covered with 
little tcK‘th that drag and pull but the tangles. 
Passing through combs, carried off on spiky 
rollers, smoothed out by roller brushes, the 
silk waste at la.st is dragged on to the large 
cylinder studded with row’s of spikes on which 
it is cut to lengths of about 3 in. 

Another macliine mujh used is veiy’^ direct in 
its action and easily wVirkeKl. The feed cloth 
is covered with little spikes that, while ft*eding, 
drag out the silk. Two tooth -covered rollers 
take on the fibres, one after the other, and, 
being run at different speeds, pull it out. At 
the back of the machine is the huge cylinder, 
with spikes set at intervals of three or four 
inhes across its breadth. Driven at a moderate 
speed, the spikes come round and insert them- 
selves into the tangles of silk, and pull out a 
range of threads. Every row of spikes takes a 
share, and the cylinder thus becomes clad with 
silk fibres. The attendant of the machine cuts 
out the spoil carried by the spikes, and forms 
tliem into what are called slncks, the breadth 
of the cylinder, and each fibre the length of the 
interval between the spikes. 

WTiatever may be the form of the filling 
engine, its main object is to card out the fibres 
and cut them down to a length suitable for 
passing through the spinning machines con- 
struct^ for fibres of moderate length. If the 
machine accomplishes that purpose, we should 
venture to think that its principle of working 
can hardly be strange to us. 



ing ^ . llifi dressix^ machine is a 
reniaarkabfe (xmtrivanoe, origmal in conception 
and hig^dy efficient [ 49 ]. we take the 

afriekff derived from the filling engine, and fix 
them into wooden clamps, technically called 
“ books,” These are fired into the bed of the 
dressing machine. Observe on the machine a 
broad, endless band, stretched between two 
heavy rollers, and upon the band at short 
intervals, belts of heckle teeth, named combs. 
When the stricks are properly set and the 
machine running, the band brings those combs 
through the fibres, and they take away as many 
short or doubled fibres as will come, while 
finely dividing and combing out the fibres that 
remain. After a time the combs come away 
clean, showing that the silk has been sufficiently 
treated. Now stop the machine and lift out. 
the clamps. The fibres there are said to be 
the first draught, and are of the highest quality. 
From the combs the fibres are cleaned and put 
into the wooden clamps on the bed of the 
machine. The travelling combs gently, but 
firmly, pull out the shorter silk threads, leaving 
in the clamps those which are of sufficient length 
and rcigularity to take the combing without 
yielding. These fibres are named second 
draughts, and rank second in quality. The 
process is repeated another three or four times, 
and nothing is left save the very short fibres, 
which, under the term noils, pass through the 
common carders in a manner we shall study 
shortly. 

Improved Machines. Makers of machines 
for every department of the textile industrv 
are constantly devising new things. Silk 
dressing is no exception, and it is quite im- 
possible for practical men to keep pace with 
the inventors. One of the machines which 
has come lately into use is worth noting, because 
of its special character. In this contrivance, 
the main features of which are three cylinders, 
the stricks are wound on to wooden nxls, which 
are clamped on to the centre cylinder. A huge 
affair this central cylinder moves slowly and 
majestically round, while the two side cylinders, 
clothed with serried teeth, run in opposite 
directions at a good speed. The motion of the 
two outside cylinders is always opposite to that 
of the centre cylinder, and the teeth, therefore, 
puU at the fibres fixed on its surface. After 
one end has been combed, you simply remove 
the rods, reverse the fibres, and fix them in 
again while the machine is running. The 
machine is certainly simple and very easy to 
work. 

Automatic Dreaoing. In the great silk 
works at Manningham, the aim of automatic 
perfection is steadily pursued. Here, instead of 
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being cut into stricks at the filling engine, the 
fibres are formed into a lap on ube opener or 
willow. These laps are laid on a feeding 
table, with a rooking filling head. Parallel 
with the table is a moving comb. With 
the forward movement of the rocking filler 
the fibres are thrown on to the comb and 
pulled. As the rocker falls back, a knife 
comes down and severs the taut fibres. The 
comb moves forward, to traverse three machines 
in a similar way, and then from above and below 
come sets of nips which take away the fibres 
and, on endless bands, convey them to the 
carding cylinders. Borne on to the end of the 
series, tlie fibres are finely dressed and ready for 
being formed into slivers. 

Wild Sil Ka. Up to the time when the process 
we have examined had come into general know- 
ledge many of the ” tusseh,” or wild silks, of China, 
India, Japan, and America, though sometimes 
reeled and worn by the natives of the East, were 
almost wholly disregarded by the silk workers 
of Europe. The yamamai of Japan, the 
ailanthus of Chefoo, and several of the Indian 
wild silks, though true tussehs, were reeled and 
thrown by Europpan.s, but the greater number 
of the varieties of that class could not be utilised 
among us, because of the cost the reeling involved. 
The waste-silk process has completely obviated 
the difficulty presented by the tangled and 
gummy cocoons. By treating the wild silks in 
Sie same way as the broken cocoons and knubs 
of the cultivated varieties, we obtain silk yams 
of a very high quality. Indeed, it is sometimes 
asserted that some of the tussehs so treated are 
equal in lustre and other qualities to the very 
finest of the cultivated kinds. We hardly ven- 
ture so far. For one thing, the wild silks give 
more anxiety and trouble to the dyers and 
bleachers, many of them being of an indelible 
brown shade. It is true that methods of bleach- 
ing them have been devised ; but these methods 
involve both trouble and expense. Even so, the 
waste-silk process has in this manner vastly 
enlarged the sources of silk supply. If the silk 
industry of Great Britain were to renew its 
former prosperity, the vast numbers of wild 
silkworms in Indian forests would be properly 
utilised. Tusseh cocoons, as we have hintoa, are 
treated like the broken cocoons of the culti- 
vated varieties. We hardly need, therefore, go 
over the process again. 

In some degree our study of silk waste has 
carried us beyond the precise limits of purely 
preparatory processes, and led to trenching 
somewhat on the carding and combing pro- 
cesses, which should be studied thoro^nly by 
themselves. The carding proper of silk waste 
has yet to come, however, and then that class 
of fibre will fall into line with the others. 


CofUinutd 


1247 








TRAWL 


aclorncHi witii paiiitinge, the Houses of Parliament, 
the Palace of Justice, the grand Maria Theresa 
Monument, the Natural Hisiortf Museum, the ArU 
History Afuseum the Imperial Opera House, and tlie 
Museum of Industry. 

Nikth Dav. Tile outer districts of Vienna 
contain a world of interest in themselves. A delight- 
ful half-day may he spent in the celebrated park and 
forest calUnl the Prater, in which the Haupt- Alice, 
or principal avenue, with its quadruple rtiw of 
grand old chestnut -trees, is Vienna’s most fashion* 
able suburban resort. In the north-western part 
of Vienna are many interesting old streets, adorned 
with picturesque statues, fountains and churches, 
an<l with the quaint old Palace and Picture Galleries 
of Count Harrach, to which is attached the beautiful 
Winter Garden. 

Tenth Day. Journey to Botzen. Tliis is a 
long, but most interesting day’s ride through one of 
the most picturesque regions of the Austrian Empire. 

It brings the tourist into the verj^ heart of the 
beautiful Austrian Tyrol, and lands him in the 
delightful old city of Botzen. situated in the midst 
of tlie glorious Tyrolese Alps. 

Eleventh Day. At Botzen the tourist is at the 
gateway to some of the most superb scenery of 
Central Europe. See the (Jotliie Parish Church with 
beautiful open tower; the Franciscan Monastery : 
the. CsUvarirnhery, a ilelightful little excursion com- 
manding sjilendid mountain view’s. 

Twelfth Day. (llorious ride o\er the Brenner 
Pass, by the highest mountain railway in Europe, 
and through sc(ui(*ry that is nulescribably beautiful, 
to Innsbruck. 

Thirteenth Day. At iNNsnRi f k the tourist is 
in the capital of Tyrol, and he is at once fascinated 
with the attraction both of the city itself and of its 
glorious situation, 2,000 ft. above the s<'a-level, 
in the midst of a circle of majestic mountains. The 
great sight of the city is the Hofkirvhe, containing 
the vorld-famed and sumptuous monument to 
Maxiimiiaii 1, which occupies all the centre of the 
nave. The church also contains a marble inonii- 
Tiientof Andrew Hofer. The neighbourhood of Inns- 
bruck affords a great choice of charming little 
I'xcursions. 

Fourteenth Day. The Iravclh'r will leave 
Austria by taking train to Munich. 

Longer Tours. If three weeks can be 
devoted to a tour in Austria, the third week 
should include visits to Salzburg and a few of 
the beautiful lakes, such as the Achensoe, the 
Kammersee, the Traumsee, and the Wallersee. 

A rrumth would enable the visitor to include 
an extension into Bohemia, taking in not only 
the quaint, historic capital Prague, but also such 
beauty spots as Pilsen, Marienbad, Siebenberge, 
Eger, Karlsbad, etc. 

Travel and Food. Travel in Austria 
is rendered somewhat expensive from the fact 
that the leading coin, the kroner — equivalent to 
about two shillings — does not go much farther 
than does the shilling in England. Also the 
railway fares from Austria are somewhat higher 
than in Germany. Meals in Austria are some- 
what luxurious. Fruit is very abundant and 
delicious, and fine caviare (the roe of the stur- 
geon caught in the Danube) is a common 
commodity. Nowhere can better coffee be 
obtained than the decoction prepared throughout 
thifi country. It is served with whipped cream, 
and is styled “ Kaffee mit Obers.’’ 

Fares. The fare from London to Vienna is : 
First class, single, £7 9 b. 8d, ; return, £11 128. 
Second class, & 4s. 5d. ; return, £8 Is. 6d. 
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BooRs. Much interosting literature of 
Austrian travel is current. Amongst the best 
books in the category may be mentioned Mfl 
D onner's “ Down the Donulxi,” Browning's 
“ Girl's Wanderings in Austria,’' Reeve's 
“Residence in Vienna," Hodgson's “Wander- 
ings through Unknown Austria.’' Tissot's 
“Unknown Austria," McCracken's “Tyrol," etc. 

HUNGARY 

The famous land of the Magyars is, in natural 
resources, one of the richest sections of the 
Continent, and it is, in manifold respects, one 
of the most interesting. Hungary constitutes 
in area the larger portion of the great dual 
Empire -Kingdom. It is a country of ancient 
historic romance. The regions of the Huns must 
ever attract lovers of history and literature. The 
wild beauty of the Carpathians is, year by year, 
admired by an increasing number of tourists. 
Hungary owns the most picturesque reaches of 
the noble Danulie. The vast and fertile wheat - 
growing areas of the “ black earth ’’ plains form 
a unique feature. The fascinating charoclt^r of 
the peculiar races — Magyars, Slovaks, ("roats, 
Dalmatians, Ruthenians, and Zingari (gipsies) — 
is acknowledged by all visitors. English }w^le 
are always specially welcome in Hungary. The 
popular sense of gratitude to our nation for 
sympathy manifested in the days of Kossuth is 
as lively os ever. Very memorable is a visit to 
any Hungarian town or village on any national 
feast day. The bi^autiful tsardas, or natitinal 
dance, is performed with singular graci*. 

Travel and Food. Travelling in Hun- 
gary used to be inconvenient and expimsive, but 
the adoption of the zone tariif has entirely 
changed the conditions. Tho land is one of gn^at 
fertility. Fruit and all kinds of provisions arc 
abundant and (;heap. The inns are almost every- 
where exceedingly, comfortable, the domestic 
life of the people lieing of a high standard. 
Hungary is a great wine - producing country. 
The traffic on the Danuln^ and on the rivers 
Theiss, Drave, and Maros is immonso, and the 
accommodation on tho tine steamers for both 
night and day voyages is excellent. No country 
supplies pleasanter conditions for tho tourist. 
Many of the customs of this interesting country 
are altogether unique. The visitor finds himself 
amongst a most hospitable and genial people. 
He is presented with many dishes he never saw 
elsewhere. The famous “ paprika," a generic 
term for game or fowl prepared with a mild 
species of red pepper, is one of the national 
viands constantly in evidence. The people 
revel in delicious fruit, and the land overflows 
with plenty. In almost every large restaurant 
bands of “ zingari," or gipsy wandering musicians, 
perform. These play the most weird music with 
remarkable skill, and the itinerant orchestras 
are exceedingly popular. 

A Week in Hungary. This is fre- 
quently spent by tourists as an extension of an 
Austrian tour. It is naturally occupied in 
voyaging down the Danube, a stay of a few da^ 
at Buda-Pest, and a further passage down the 
great river as far as Orsova. 
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A Fortnlfht in Hunfnnr. This is a 
delightful experience, as it affords time for 
viewing some of the most picturesque features 
of this remarkable country. 

First Day. The st€»iiin«r leai'es Vienna at 7 a.m. 
for the twelve hourn' sail down the glorious Danube 
to BvdA'Pkst, which is reached at 7 p.m. This 
is one of the most charming river trips in the world, 
indeed, it is hardly excelled by an ex{>erienoe of 
the kind anyM-liore, Historic spots abound on the 
banks. 

Skcon d Day. Pe« r is one of the most charmingly 
situated cities of Euri>pe, It is on the north bank of 
the Danube. B uda being o.i the south. Pest is one 
of the great liistoric cities of the continent, as it was 
founded by the Homans and was the scene of tremen* 
dous struggles with the Turks. It is to>day the seat 
of the wonderfully prosi)erous CTain-trade of Central 
Kuropc, Hplcndid modern buildings adorn the grand 
miays 4;f the Danube and many of the modern streets. 
The fine .4cfo/fmy, including tlie National Picture 
Gallery. Among the many mosterpieecH of various 
schools ari' six spleiuli«l pictures by Murillo. The 
beautiful promenade along the Danube, known as 
the Franz Jontphu Quai^ the old Gothic Stadt Pfarr 
Kirchrt the famous <‘oiossal corn elevator, the fine 
('ustom Houae, should he seen the first day. Early 
in the m(»rniitg. ex ery day in the week, the interest* 
ing opcn*Hiv fuiit and vegetable market is in full 
swing on one jmrtiori of the (juay. The peasants 
and farmers attend in great numbers, in tlieir quaint 
•mtionai eostume/t. 

Thikh Day. On the second day in Pkht visit the 
Sationa! Muernm, full of superb local antiquities. 
The ])ieturo gallery contains 000 paintings, mostly by 
modern Hungarian artists, including Munkaesy. 
Tl»« PurliatnfHt Houee, the Cemetery , containing 
inonumeiits of Batthyany. Deak, and other patriots, 
and the splendid over the Danube — magnifi* 

cent works of engineering— will make a full day’s 
sightseeing. 

Fourth Day. Excursion in morning to the 
lovely MargartJtn Inatl, This little island in the 
midst of the Danube is a great “ cure ’* resort as 
well as a popular garden. It contains famous 
thermal estahlishmonts. and also wonderful natural 
hot sulphur iial hs, and at the luxurious Had Haue are 
also electric and other medical baths. Theafternoon 
may he devoted to n delightful excursion by carriage 
to the nark in the environs of PXST kncArn as the 
Ftadtteditlrhrn, Here are noted concert, halls and 
rtxstauraiits on the pretty islands in the lake. 

Fifth Day. The tourist would now direct his 
attention to Bvda, the twnn capital on the opposite 
bank of the Danulie, called Ofon W the Makars ; a 
inagnitioent old town. V'^isit Maria Theresa's beautiful 
palace ; lovely ' iexx’ from the gardens. In this 
palace are kept t he splendid objects liolonging to the 
Hungarian regabu. including the famous crown of 
St. Stephen. The interfxsting Palace Bazaar on the 
nuay, with fine view of the Danube. The celebrated 
Maiihms Kirvhr, the Cathedral of Buds, which was 
use<t as a mosque by the Turks. The present 
Kaiser-Khig Franx Joseph and hia consort. Elisabeth, 
were here crownetl in 1867. The famous sulphur 
baths of the Danube at Buda are much frequented. 
The KaisrHiad, with its eleven very hot spring, is the 
most popular. 

Sixth Day. A liiectond day is necessary to see 
BtrpA. The magnificent BlockaFwg, an immense 
crag by the Danube, crowned by the imposing 
citadel, with encJhantiug views from the top. The 
famous and curious Turkish Mosque, with oeautiful 
garden : a very popular pleasure resort. The Ana 
suburb of iSchitahenbery, where are many bandsome 


villas. The prospect is exceedingly beontifol. 
Cog-railway reaches the summit in twenty minutes. 

ISbvehtb Day. By train from Pest to Sitthi. 
WBissENBiTRCi. Here the ancient kings of Hungary 
were crowned. One of the most interesting cities 
In the country. It is embosomed in bMutiful 
vineyards, amongst which delightful drives may be 
indulged in. The old Episcopal Palace and the 
Cath^ral are the most ocmspicuous buikliags. 
The town has large calico-printing works, and does 
a great trade in fruit and wine. Here native life 
may be seen in its typical characteristics. 

Eiorth Day. Excursion to Lake Balaton, called 
by the Gfnnnans the Plattensee, Hungary's largest 
lake. It abounds in fine fish, and is surrounded by 
volcanic hills and beautiful vineyards. Steamer twice 
a day to Fureo. where ore famous carbonic acid 
baths. A crowded summer resort. Back to Pest. 

Ninth Day. Start down the Danube for Orsova. 
A grand voyage of 36 hours through captivating 
scenery. The view for some hours below BUDA- 
PEST is somewhat monotonous, as the river traverses 
the vast Hungarian wheat-growing plains. But all 
is changed after passing the influx of the Drave. 
The tourist sleeps a night on board the splendid 
steamer. 

Tenth Day. Down the Danube. On the right 
bank are picture^jue vine-clad hills, with many 
ruined castles. During the day. towards evening, 
Belgrade is reachetl, and those who wish to visit 
Servia disembark at this point, the capital of that 
e<mntry. The Hteainer reaches the famous Defile 
of Kasan, tlie graiulest scone on the mighty rjvpr. 
Before reaching Orstixa the celebrated inscription of 
Trajan is seen on the perpendicular cliffs. 

Eleventh Day. Orsova is the lost town in 
Hungary, touching the Houtnanian frontier. It is the 
gateway to the valley of the (’zema, one of the love- 
liest districts in all Kurojie, in the foothills of the 
Loxx'er Carpathians. 

Twelfth Day. From Orsova, visit the Dathi 
of Herculee. Tliis ('arpathian paradise is alone 
worth all the trouble and expense of the journey. 
It was the favourite siiininer resting -plawje of the 
unfortunate Empress. Queen Elixalieth. In the old 
Roman days it was a celebrated health resort. The 
sulphur baths are amongst the most powerful 
chalybeate springs known. The excursion from 
Orsova is througli enchanting scenery on the 
Koiiinanian border. 

Thirteenth Day. Railway to Buda-Pest. The 
long journey is through a varied and interesting 
country. 

Fourteenth Day. From Buda-Pest to Vienna 
by rail. 

Longer Tours. Tliose who wish to spend 
three weeks in the country can, by way of exten- 
sion. enjoy an exi>edition into the Tatra, the 
lofty range of the West Carpathians. A month 
in Hungary affords an opportunity of excursions 
in the mio district between Agram and Fiume. 

The fare from London to Buda-Pest is : 
First class, single, £9 Hs. Bd.; return, £15 Ss. lOd. 
Second class, single, £5 12s. 5d. ; return, 
£11 Is. 4d. 

Books. The literature of Hungarian travel 
is usually combined with descriptions of the 
whole Austro-Hungarian Empire. Specially 
interesting are Dowie'^ *"Girl in the Carpa- 
thians/' Gerard's " Lai^ Bevond the Forest," 
Pennell's ** To Gipsy-Land. , an anonymous 
work in two volumes, entitle Magyanand," 
and Cross's '' Round about the CarpjiShians." 
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parallel to FC and FD respectively, cutting CD 
produced in J and H, Construct the required 
rectangle with sides equal to EJ and EH^ as 
shown. ' 

845. To CoNSTBUcT A Square Equal in Area 
TO A Given Triangle ABC. On the base BC 
make a rectangle BCDE equal to the triangle 
ABXj. Find a mean proportional CQ to BC and 
CD. Then CO is one sioo of the required square. 

348. To Construct a Rectangle Equal in 
Area lo a Given Circle ABC (approximate). 
Draw any radius DB for a short side of the 
rectangle. Divide DB into 7 equal Larts. Draw 
BE perpendicular to DB, and equal to 31 times 
DB. Complete the rectangle DBEF as shown. 

844. lo CoNSTBUci A Parallelogram Equal 
IN Area to a Given Trapezoid A BCD. Join 
two opposite comers, D and B, and through C 
draw CK parallel to DB, cutting AB produced in 
E. Bisect AE in F. From F draw FO parallel 
to AD, cutting DC produced in 0. Then AFCD 
is the required parallelogram. 

846. To Construct A Parallkuk. RAM Equal 
IN Area and Perimeter to the Given Triangle 
A BC. Produce either side, say BC\ to D, making 
CD equal to CA. Bisect AB m E, and BD in F. 
Through C draw CH parallel to BA. With B af. 
centre, and radius BF, describe an arc cutting CH 
in G. Join BQ, and through E draw EH parallel 
t o BG. Ihen EBGH in the required parallelogram. 

840, To Draw a Triangle of a (iiven Shape 
.ABC AND Area Equal to, say, 3 ag. in. From 
A draw a perpendicular AD to Bf \ and bisect it 
in E. Make the rectangle BCFG equal in area to 
the triangle A DC. With B os centre, and radiufi 

BG, describe the arc OH, cutting CB produced 
in H. Find BJ the mean proportional to CB and 

BH. Along BJ, or BJ produced, set off BK equal 
lo (the mean proportion of 3 and 1). Join 
JA, and from K draw KL parallel to JA, and 
cutting AB in L. Through L draw LM parallel 
to .,4c. Then LBM is the required triangle. 

847. To Construct an Isosceles Triangle 
Equal in Area to a Given Trapezium A BCD, 
WITH One Side AB Common to Both Figures. 
Join AC, and from D draw DE parallel to AC, 
and cutting BC produced in E. Join AE. Then 
the triangle A BE is equal to the trapezium. Bisect 
.AB by the perpendicular FO, and through E draw 
EG parallel to AB, and cutting FG in C. Draw 
GA and OB. Then ABG is the required 
triangle. 

848. To Construct any Figure Similar to a 
Given One ABODE, and Having its Area in 
ANY Proportion to it, say, 3: 1. Let AB be 
the one equal part, and make A F equal to 3 times 
AB. Film a mean proportional AO to AB and 
AF. Tiien AG ic. the base of the required figure 
to be completed as shown. 

849. To Drscribb a (3irclr Equal in Area to 
THE DnrPERKNCE OF TwO OTHERS. Let AB be 
the diameter ol one given circle, and upon AB 
describe the oirole. With A as centre, and AC 
(the diameter of the other given circle) as radius. 
Cut the first oirole in C. Join AC and upon it 
describe the second given circle. Join CB and 
upon CB describe the required oiroK 
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8B0. To Construct a Figure Similar to a 
Given One ABC, but Half its Area. On BC 
describe a semicircle, and bisect it by DE. Draw 
BE and make BF equal to it. Through F draw 
FO parallel to CA. OBF is the reqni^ figure. 

351. ToDbscribeaCirclbEqualin Areato 
THE Sum ofTwoOthers. Draw AC and CB (the 
diameters of the given circles) perpendicular to 
each other, and cfescribe the given circles upon 
AC and CB. Join AB, which is the diameter of 
the required circle. 

852. To Make a Square w*hose Area shall 
BE Equal to 5 sq. in. Draw a line A C, 1 in. long, 
and perpendicular to it CB, 2 in. long. Join AB, 
which is equal to Upon AB describe the 

required square A BDE. 

858. To Maks a Square Equal in Area to a 
Given Rectangle A BCD. Find a mean pro- 
portional CF to BC and CD. l"pon CF describe 
the required square CFOH. 

864. To Construct a Square w hose Area 
shall be a Fractional Part (.say jj) of that of 
A Given Square ABCD. Upon any ntraight 
line EF set off EG and GF, two and three con- 
venient equal divisionn. Upon k¥ der.cribi^ a 
Hemicircle, and find GH the mean proportional 
to EG and GF. Jo n HE and HF. From F 
along FH, B?t off FJ equal to the length of the 
Hide of the given square. Tnrough J draw JK 
parallel to HE. Upon JK dcscrilx' the required 
B }uare, as shown. 

855. To Construct a REcTANiiLE Equal 
IN Area to a Given Square A BCD, and One 
Side of the Rectangle to be a Certain 
Length, as EA. Place the given side, EA, of 
the rectangle perpendicular to a side of the 
square, as EA and AD. Join DE and bisect 
it by the perpendicular through F, cutting EA 
in O. With O as centre, and GE or GD as radius, 
describe a semicircle, cutting EA produced in 
H. Then AH is the other side of the required 
rectangle, as shown. 

856. To Reduce any Irregular Figure, 
AS ABODE, lo A Triangle of Equal Area. 
Join AC, and through B draw BF parallel to AC 
and meeting DC pr^uced in F. Join AF, and 
the triangle AFC equals the triangle *4BC in 
area. Join AD, and through E draw EG parallel 
to AD, cutting CD in G. Join AG, and the 
triangle AEG equals (in area) the triangle EGD. 
Then AFG is the required triangle. 

867. To Construct a Triangle Equal in 
Area to a Regular Polygon, as ABCDEF. 
Divido the polygon into equal triangles by lines 
drawn through the centre G, then GCD is | of 
the polygon. Make HJ twrioe the bei^t of HG, 
and KL three times CD. Join JK and JL. 
Then JKL is one triangle equal in area to the 
polygon. Other triangks may be drawn equal 
in area. 

358. In a Given Circle to Inscribe a Rect- 
angle OF A Given Area. Draw any diameter 
BA and from the centre E draw BF perpendicu- 
lar to BD, making EF such a length that 
EF X ED is one hall the given area. Tnrough 
F draw AG parallel to BD and cutting the 
mrele in A ana O. Join either of these points. 
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»ay A, to B and />. Through £ draw AC, 
cutting the circle in C, Jwn BC and CD. 
Then A BCD is the rectangle required. 

850. To Construct a Triangle Equal in 
Area to the Sum of Two Given Triangles 
ABC and CED. Place them so that a side 
CB of one is in the same line as a side C£ of 
the other, and a corner C adjacent with a comer 
(' of the other. Join BD, and through £ draw 
£ P parallel to HD and cutting CD in F. Through 
F draw FO parallel to CB and cutting AB pro- 
duced in 0. Join CG,and AOC is the triangle. 

Proportional Divialon of Aroaa. 

360. To Bisect any Irregular Quadri- 
lateral Figure A BCD by a Straight Line 
Drawn Through One or m Corners O. Draw 
the diagonaU AC and BD. Bisect BD (the 
diagonal opposite the given point C) in E. 
Throudi E draw £F parallel U} AC, cutting 
A B in F. Join FC, which bisects the figure. 

861. To Bisect a Given Triangle ABC 
BY A Line Parallel to One of its Sides. On 
either side, say AC, construct a semicirclo, 
and at the centre D erect a perpenaicular DE 
to A(\ With A as centre and AE radius 
diHcrilw an arc cutting AC in F. '^Tlirough F 
draw FG parallel to BC. FO liisectH the tri- 
angle A B( \ The other construction rfhow- 
how to oiviue the triangle into four equal parts. 

362. To Bisect a Given Triangle ABC 
BY A Link Perpendicular to One of its Sides, 
SAY AB. Bisect AB in D, and from C draw a 
IKTpendicular CEjo A B, cutting it in E. Find 
BF the mean proportional to BJ) and I,E. 
S<‘t oJT BO equal to BF, From 0 draw a 
|S‘r|H‘ndicular G// to.'l/f. 67/ luHCcts the tri- 
angle. 

368. To Bisect a Triangle ABC by a Link 
Drawn Through a (Jivkn Point D in One of 
ITS Sides. Bisect BC in E, and join AD. 
'nirough E draw' KF parallel to A I), cutting 
AC in F. Join DF, which bisects the triangle. 

36f. To Divide a Given Triangle ABC 
INTO Two Kqum. Parts by Lines Drawn 
'PHRO utoi ANY Given Point 1) within it. 
From the corner of the triangle nearest the 
jKiint D draw' a line AE bisecting the opposite 
side BC in E. Join DE, and through A draw 
A F parallel to DE, and cutting BC in F. TIum 
thci lines DA and DF bisect the triangle. 

365. To Divide a Circle into any Number 
(SAY Three) or Parts Equal in Area and 
Perimeter. Draw' a diameter AB, and divide 
it into the same number of equal parts as the 
circle is to lie (throe in this case). Describe 
semicircles on opposite sides as showm. 

366. To DniDB a Semicircle into any 
Number (say Three) of Equal Parts by 
(ViNCBNTRic SEMiaRCLK'a, Bisivt the radius 
DO in E. With E as centre, and EC or ED as 
radius, describe a smaller semicircle. Divide 
DC into the same number of equal parts (in this 
case three) into which the given semicircle is to 


be divided, and, erect Uie perpendiculars to DC 
from F and O, cutting toq smidler semicircle 
in H and J, Witli D as oenti^e, and DH and DJ 
as radii, describe the concentric semioiroles 
which trisect the large given semicircle. 

837. To Divide a Given Triangle AJBC 
INTO ANY Number or Equal Parts (say 
Three), First, by Lines Drawbp ‘Titouoh 
One of its Corners A. Divide BC (opposite 
A ) into three equal parts in D and E. Join AD 
and AE, which trisect the given triangle, 

868, The Same, But, Secondly, by Lines 
Drawn Through a Fixed Point D in One of 
the Sides, Divide AB (the side containing the 

iven Mint D) into three equal parts in E andF. 

oin D to the opposite corner C, and draw EO 
and FH parallel to DC, catting AC in G and 
BC in H. Join DH and DO, which trisect the 
given triangle. 

860. The Same. But, Thirdly, by Lines 
Passing Through a Fixed Point D within 
THE Given Triangle A BC. Divide one of the 
sides, say BC, into three equal parts in E and 

F. Join AE and A F. Also join D to .4 and E, 
and through A draw AH parallel to DE, cutting 
BC in H. Join DH, then A BHD is one of the 
required three equal parts. Next, join D to F, 
and through A draw AO parallel to DF, cutting 
BC produced in O. Join DC, and through O 
draw OJ parallel to CD, cutting AC in J. Join 
DJ, then ADJ and DHCJ are the other two 
required equal parts. 

870. To Divide a Parallelogram A BCD 
INTO any Number or Equal Parts (say Three) 
by Lines Passing Through a Given Point E 
in One op the Sides. Divide BC into the 
required number (three) of equal parts in F and 

G. Draw FH and GJ parallel to AB or CD, 
and cutting AD in H and J. Bisect FH in K, 
and GJ in L. Through K and L draw EM and 
KN, cutting AD in M and N respectively. Then 
EM and ES trisect the given parallelogram. 

871. To Divide a Given PARAi.LELoiiRAM 
A BCD INTO ANY Number (say Five) of Equal 
Parts by Lines Drawn Through One or 
its Corners A. Divide each of two adjacent 
sides DC and CB into the same number (in this 
case five) of equal parts, into which the parallelo- 
gram is to be divided. Draw lines from 4 to 2 
and 4 in DC, and to 2 and 4 in BC, and these 
lines divide the parallelogram into five equal 
parts. The same method may be used for 
dividing a square or oblong into equal or 
proportional p^s. 

372. To Bisect a Given Trapezium ABCD 
BY a Line Drawn from One of its (Corners 
B. Draw the diagonals AC uid BD. Bisect 
AC in E, and draw EF parallel to BD, cutting 
CD in F. Join BF, which is tbe IumTot 
bisection. 

Note. Problems 878 — 876 are explained in 
next lesson 
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SimGTO AND METHODS iOF TESTING 

I Continued from pojre 1180 I 


Bv Professor HENRY AdAMS 


Load, Stroaa, and Strain. The previous 
articles have dealt with the origin and 
general characteristics of the more commonly 
used materials, and the special property of 
resistance to stress and some other physical 
qualities will now he considered. Any load, 
however it may be applied to a body, induties 
a resistance which is called Hresat and the altera- 
tion in form which is produced is called strain. 
There is, therefore, no load without stress, and 
no stress without strain. This will perhaps be 
more fully apprehended if the statement be 
amplified as follows : “ By a load on any piece 
or member of a structure is meant the ag^egate 
of all the external forces acting upon it, includ- 
ing the weight of the piece itself and of other 
pieces supported by it. By a strain it meant 
the change of form produced in a piece by the 
action of a load ; and by a stress is meant the 
vesistance set up in the material by its molecular 
forces opposing the action of a load in producing 
a strain. Thus a l(xid of so many 'pounds upon a 
piece having so many square inches area produces 
a stress of so many pounds per square inch^ the 
result lading a strain, or change of form, of a certain 
amount, whether temporary or permanent, and, 
wlu'n large enough, appearing as stretching, 
short<*ning, liending, crumpling or twisting." 
The strength of a piece is measured by its power 
v)f resisting stress. The three chief kinds of 
stress an* tensum — stretching, pulling or tearing ; 
compression — crushing, pushing or squeezing ; 
shearing — cutting, nipping or sliding (called 
also detrusion when acting along the grain of 
wood). There are throe other varieties, transvet'se 
stress — cross strain, bending, deflection, which 
is made up of tension and compression on 
opposite sides ; torsion — twisting or uTenching, 
which is a variety of shearing ; buckling — crump- 
ling, corrugating, twisting, which merges into 
onishing when the length is short enough. 

Tables of strength are available for a groat 
vart('ty of materials, the pieces being generally 
M^lected with the utmost care and every pre- 
caution taken to produce a high result. Applied 
to everyday practice these results give a false 
idea of margin of safety betareen the working 
stress and the ultimate stress. When a factor 
of safety of, say, four is nominally allowed, the 
actual margin is seldom greater than two, and 
often less. Besides what may be called stress 
tfsts, there are ocular and other tests of quality, 
depending upon the nature of the material and 
the use to which it is proposed to be put. 

Tenaioa. The word tension is used to 
express the state or condition of a body when 
any forces acting upcm it tend to poll nny two 
portions asunder ; it is then said to be in tension, 
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or under tension. Wh«tt either the stress or 
strain are referred to, the terms* tensile stress and 
tensile strain^ or extension, are used. The tensile 
btren^h of a piece is' its ability to resist being 
pulled in two, and is measured by the pull in 
units of weight p^ unit of area necessary to 
cause rupture. When the material will break 
with moderate loads the units are generally 
pounds and square inches, but when heavy loads 
are required the unite may be tons and square 
inches. In testing the majority of materials 
it is necessary to prepare the sample piece in 
a special form, varied with the kind of material, 
so that the fracture may take place within a 
certain limited distance near the centre, and so 
that the pull shall be in line with the axis of the 
piece. If the pull were not truly axial — i.c., in 
tlie line passing through the centre of gravity 
of every transverse section — the stress caused 
would not be uniformly distributed, but would 
be greater on the side to which the line of pull 
was nearer, and less on the opposite side. The 
ultimate stress would thus be reached first 
'on a small portion which would permit of 
rupture with a smaller total load, and this 
iH'ing divided over the sectional area would 
give a lower mean stress, and make the material 
ap|jear to have less strength than it actually 
possesses. The ends of tW pieces have also 
to be prepared in special shapes to suit the 
method of holding them while the force is 
applied, so as to avoid any interference with 
the reliability of the test. Although every 
means may be adopted to secure uniform 
results, it is very rare for any two samples of 
the same material, even w'hen taken from the 
same piece and tested in the same machine 
by the same ma/i* to give precisely the same 
figures, and therefore several samples should 
l)e tested before any average can be arrived at. 
It is also necessary to note the maximum 
and min'm'Jm results, tbe latter for use in calcu- 
lations regarding the strength of structures, and 
the former in designing machines to overcome 
the strength, such, for instance, as punching and 
shearing machines. 

Compression. This term expresses 
generally the opposite of tension, and hence 
we have compressive stress and compressive 
strain. The compressive strength, or resistance 
to crushing, is measured in the same units as 
before — viz,, pounds per square inch or tons per 
square inch as the case may be. In com- 
pressive tests the meoes, whatever the materia! 
may be, are genenuly formed into simple oubee, 
or rectangular blook^ the size depending upon 
the material and the ampacity of the mi^ines. 
FiluroQs, granular, and erystalline materials may 


crack before finally giving^ way, and other 
maieptak but|^ an<!f flatten out with no 
rtioular point at which ultime.te failure may 
said to take place. When the length of a 
piece, between the points at which the force and 
registance are applied, exceeds a certain limit 
according to the nature of the material, the 
result is not pure compression. There is, in 
addition, a tendency to bend, causing an increase 
in the compressive stress on one side and a 
reduction on the other. The ultimate strength 
in these cases is practically limited by the load 
at which incipient bending takes place, as a 
small addition to the load will produce 
total failure. This load depends approximately 
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the supports— t.e., to cut through a cross section 
at any point by the part next the load sliding 
wwnwards against the part next the support [Mj! 
Tliere is also a tendency to shear horuontaUy 
at any point in the depth. The latter may be 
illustrated by a number of planks laid one upon 
the other, the ends being supported [69], when 
an actual sliding will be seen to occur, even with 
their own weight [70]. Shearing stress also 
occurs when parts in tension atc joined by rivets 
or bolts, the rivets or bolts tending to be out 
across, called single shear when failure may 
occur by cutting through the section in one plane 
only, and double shear when the cutting must 
occur in two planes at the same time. This 
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upon the area of cross section compared with 
the length, or upon the area and the ratio 
between the length and least diameter or width, 
but more accurately upon the area and the ratio 
of the length to the least radius of gyration of 
the section. In other words, the disposition 
of the area of cross section as well as its magni* 
tilde must be taken into account, together 
with the length. The mode of finding the 
radios of - gyration, moment of inertia, and 
modulus of section — all closely allied — will be 
explained further on. 

Shearing* When a loaded beam is sup> 
ported at the ends, there is a tendency to shear 
at every vertical section between the load and 


matter will explained in greater detail under 
the bead of Stability of Stri c tures. 

Detrusion. A special of shear stress 
occurs in timlier when from the shape and posi- 
tion of the parts there is a tendency to push off 
a portion in the direction of the grain, os in the 
l^m of tt roof [71] where the foot of the principal 
rafter is stepped into it, and presses against it in 
such a manner as to cause a liability to push off 
the upper part aloi^ the dotted line. Failure is 
prevented by leaving sufficiimt length between 
the point of the principal rafter and the end of 
the tie-beam, the necessary^ amount varying 
with the kind of wood. Tliose woods that are 
very straight-grained and split easily require 
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more) than thofw; with an irregular or interlaced 
^ain, particularly if the medullary rays in the 
latter are strongly marked. 

Transverse Stress. A projecting beam 
fix€^ at one end and loaded at the other, or 
HUpported at both ends and loaded in the 
middle, or loaded and supported in any way that 
rau*w*s it to bend, is said to lie under transverse 
stress, the fibres on the outside of the curve being 
in tension, and those on the inside of the curve 
in compression, while the intensity of each stress 
reduces towards the centre of the depth, or the 
centre of gravity of the section, at which point 
they both vanish. The layer where this occurs 
is calk'd the neutral tayer^ and the same line in a 
cross section is called the neutral axis of the 
beam. There arc also vertical and horizontal 
shearing stresses set up in the beam at the same 
time, ^e unit of transverse stress is called the 
modulus of rupture, and sometimes — rather 
indefinitely — the strength modulus. It is com- 
monly supfK>sed to l>c the same as the maximum 
fibre stress, but from various causes it is usually 
greatt^r than this. It is eighteen times the load 
that, ploowl in the centre of a beam 1 in. square, 
and 1 ft. bt^tween the supports, will just suffice 
to break it. 

Toraion. If a shaft or axle be supported, 
and one end fixed while an attempt bo made to 
rotate it by a lever fixed on the other end, a 
torsional stress will Ik* induced, and a tunst, or 
torsional strain, will be caused. Line shafting 
in a machine-shop is always subject to torsion 
from the force applied to the driving pulley and 
the varying resistances due to the work done- 
from the other pulleys. Torsion may be de- 
serilnd as a circular shear. It does not occur to 
any marked extent in structural work, and then 
only ns the result of liearing surfoc'cs not l)oing 
jiroptTly levelled. 

BucKling. A deep web plate, or the top 
finnge of a girder, or tlie flange of a stanchion 
und(*r compression, tends to bimd, or to yield, 
by taking a wavy form. This is frequently a 
v(*ry important matter, and apt to be overlooked. 
It occurs at a much lower stress than that due to 
the crushing of a short block of the same material, 
and requires special calculations, which will be 
tiealt with later on. 

Permanent Set. When a piece is put 
under stress, it changes shape — elongating, 
shortening, bulging, etc., which alteration may 
or may not disappear upon the removal of the 
exciting cause. Any change from the original 
dimensions that remains after the removal of 
the stress is called permanent set. There is no 
very precise limit, compared with the ultimate 
strength of the material, at which permanent set 
commences, but, approximately, it begins to be 
appreciable when the piece is loaded to half its 
ultimate capacity. 

dastic Limit. The elastic limit, or limit 
of elasticity, is the point up to which the change 
of length in a piece under test is sensibly pro* 
portional to the force applied, and from which 
the piece will return to its original dimensions 
when the force is removed. In other words, 
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the clastic limit is the maximum stress per square 
inch sectional area which any material can 
undergo without receiving a visible permanent 
set. As the clastic limit is the highest stress that 
can be put upon any piece without causing actual 
damage to it, the factor of safety should be a ratio 
determined by the elastic limit rather than by 
the ultimate strength. Generally speaking, the 
working stress should not exceed half and the 
proof stress two-thirds of the elastic limit. 

Modulus of Elasticity. The modulus of 
direct elasticity, or stress-strain modulus, known 
also by many other names, particularly that of 
Young's modulus, is the ratio obtained by experi- 
ment of the stress per unit of section to the strain 
per unit of length up to the limit of elasticity. 
It is fairly constant for each material within this 
limit, but beyond it the strain increases more 
rapidly than the stress. It was at first described 
as the height in feet to which a body would have 
to Ik* piled in order that any small addition to its 
top, of its OMT) substance, might compress the 
rest to an extent equal to the bulk of that added 
quantity. This is strictly Young’s modulus, and 
is expressed in feet, but out of compliment to hin 
memory his name is still associated with the 
present stress-strain modulus. An intermediate 
stage, which, however, is numerically equivalent 
to the present stress-strain modulus, was reached 
by Hooke, who defined the modulus of elasticity 
as the load which would increase a bar to twice 
its original length, assuming the elasticity to 
remain perfec*t so long. 

Tlie modulus of elasticity affects chiefly the 
extension of material under direct tensile stress, 
and shortening under direct compressive stress. 
It also affects the resistance to bending or deflec- 
tion, which is made up of extension on one side 
and compression on the other. Tins modulus is 
UHc*d in calculations of the strength of struts 
where the maximum working or proof stress 
must bo below the limit where a tendency to bond 
commences. 

Fatigue of Matoriala. When re- 
peatedly strained beyond their elastic limit, 
although well within their ultimate strength, 
certain materials, as VTOught iron and mild 
stet'l. take an increasing permanent set, and 
ultimately break with a smaller load than a 
similar piece left in its original state, but if 
annealed bc'fore rupture takes place the elasticity 
will be renewed. This loss of strength, being 
recoverable, is termed fatigue. The number of 
repetitions in imposing the load without anneal- 
ing that may take place before fracture depends 
upon the extent to which the elastic limit is 
surpassed. A similar fatigue is induced when 
alternations of stress take place, say, from 
tension to compression and vice versA, although 
the elastic limit is not overpassed in either 
direction. The safe wcH-king stress has about 
the same extent of range in tons, whether the 
stress be varying in tenskm only, in com- 
pression only, or in tension and compression 
alternately, so that in the latter case with equal 
stresses in either direction each extreme would 
be only about half the maximum possible in 
either of the former cases. 



Strencth of Timber. The table on next 
page gives in a .compact fbnp a general view 
of the chief elements of the strength of timber 
and some other useful particulars. 

The various figur^ given by published tables 
are included in the range of values shoum, except 
whore extreme differences from the general 
average showed a probability of error. The 
normal variation are chiefly caused by differences 
in the quality and the seasoning. The pieces 
are very carefully selected so as to be straight- 
gained and free from knots or other visible 
defects, and, unless otherwise stated, they are 
always tested in their seasoned state. 

In testing the differences of strength between 
green or unseasoned timber and dry or seasoned 
timber, it appears that green timber has only 
about 80 per cent, of the initial strength of diy 
timber, but the former would shrink badly and 
decay rapidly. Too much seasoning, or desiccat - 
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specific gravity taken in the ordinary ymy would 
vary with the length of time the wdewi was 
immersed, but with such material as cement, the 
weight per unit of volume has no direct com- 
parison with the specific gravity. In the first 
class of materials, and in the second if only a 
short time be allowed to elapse so that the material 
does not become soddened, the weight of a given 
volume, such as a cubic foot, will equal the pro- 
duct of the specific gravity into the weight of a 
cubic foot of pure water at standard tempera- 
ture and pressure ; but in the third cltvss the 
specific gravity of the mass as individual grains 
is taken, and the comparison just stated will 
not hold good. If a comparison of weight is 
required in this class, then the relative densitj/ 
must be taken. Relative density, sometimes 
called specific density, may bo delincKl ns the 
weight of a given volume or bulk compared 
with that of an equal volume of pun* wator. 
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ing, is apt to render some timber, as fir and 
pine, brittle ; other timber, as mahogany and 
beech, is rendered brittle by age. 

Weight of Timber. The weight of most 
timber varies according to the part of the tree 
from which it is cut ; as a general rule, that 
cut from the top of a tree may be taken as 
about 3 to 6 per cent, lighter than that cut 
from the butt. The weight also varies accord- 
ing to whether the timber is green or seasoned ; 
gcmerally the seasoning of wood reduces its 
w'f^ht by about 5 to 15 per cent. 

Ine shrinkage of timber in width during the 
process of seasoning may be taken as about 
2 to 5 per cent., wfaik oak often shrinks as much 
as 8 per cent. The shrinkage of timber in length 
is so small that it is not worth considering. 

Specific Grmwity. Relative weight per 
unit ol volume and specific gravity are inter- 
changeable terms with acme materials, such as 
iron; with other materials, such as wood, the 


Stiffneae of Timber. StiffncHS m an 
important property of timber, and it may often 
l)c necessary to make a calculation of its re- 
sistance to Ijending rather than of its ultimate 
strength, as, for instance, in the ease of fir 
joists to which a plaster ceiling is to b<i attached. 
The strongest b<^m that can c^ut out of a 
circular log is shown in 72, and the stiffest out 
of the same log is shown in 78. In the former 
the diameter is divided into three equal parts 
and perpendiculars drawn as shown, while in 
the latter the diameter is divided into four 
equal parts. The proportion of depth to breadth in 
the strongest bea^ is ^2 to 1, and in the stiffest 
v/ 3 to 1. The actual strength and stiffness, of 
course, depend upon the particular timber. 

RMlllenca of Timber. By resilience is 
meant the work performed in biding timter 
to its proof deflection, but some authors define 
it as the resistance to transverse impact ; others 
call it toughness. 
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STRENGTH OF TIMBER 


Ultimate Btreiisrth li» lb. jwr Square Inch. 


lk)X 

Cedar, Anierlcaii 
„ Ixibanon 
„ Wwt Iiidl 
Cheatnut 

(V)rk 

Deal, Chriatiauiu 
Kbony . . 

Elder 

Kim, Canadian . 
„ Kti|{Ha)i . 

Fir, llalUr 


Haiel 

Hornbeam 


JarkwiKHl 
Kauri or (•<m’rie 


Ukiiuid vita' 

Lime 

Maliogany. Honduras 


Oak. African 
„ American 


SaUnwooti 
Sycamore . . 



Com- 

hIuii or 

onear 

M(»duluii 

Oraritj 

Teiinioii. 

Mhear 

thruuirh 

.If 

premtiou. 

alikUR 

FII>reM. 

CnmH 

Sectiou. 

Rnptim' 


1\200 




11,200 

.7 

to IK.OOO 





to -8 

10,000 
to 14,000 

6,760 




*76 

12,000 

8, 6(H) 
to 9,800 

460 

6,280 

12,000 

•7 

to 1 7,000 

to 1,400 

j 

to 18,000 

to 'H 

11,000 

7,700 


5,223 1 

! 1 

9,000 

•7 

to 22,000 

to 9,800 


to 12,000 


16,000 

8,800 

660 

5,595 

11,400 

•71 

to 6,400 

to 815 

to 11,580 

to *7S 


9,000 
to 18,000 


600 1,535 

to 600 


5,850 
10,000 
7,450 
to 0,970 
0,200 
6,600 
to 10.800 
2,500 
to 6.600 
6,000 
to 6,800 
12 ,(K)0 
to 16,200 


10,000 
to 15,000 
9,200 
4,480 
to 14,000 
8,860 
to 12,000 
2,900 
to 12,000 
8,000 
to 9,200 

18,000 

15.000 
to 20,000 

16.000 


9.600 
to 10,9(H1 

4.000 3,200 

to 11,000 to 6,500 

11,800 10,000 

‘ 3.000 *6,000 

to 18,000 to 8.000 

8.400 6,700 

to 16.300 to8,2tK) 

10,600 6,0(M) 

to 15,400 

14,400 9,320 

6,720 6,000 

to 1 2.000 to (l.9(M» 

6,(KK) 6,400 

to 19,000 tolO.tUK) 

2.700 4,700 

to 14,000 to 7,500 I 

8,360 4,1(K) 

to 11,800 to 5.000 

2.000 4.(8K) 

to 12,000 to 8,000 

8,100 6,4(8) 

to 10.000 to 6,900 

9.400 6.500 
toH,0(K) to 13.440 

4.700 4,700 
to 12.000 to 6,800 

4.0tM) 4.700 

to 14,0(8) to 5,300 

12,000 

4.600 3,100 
to 7,200 to 5.100 

*9,600 *6.900 

to 13,000 

3,800 8,500 

to 15.000 to 12.000 

7.600 6,000 
to 8,180 to 7.200 

12,500 3,000 

i to 14,000 to 6,000 


725 4.000 

to 1.000 I 

700 i 4,<M)0 
to 2,800 ' 

500 

270 2.000 

to 480 

] 50 4.000 

to 415 to 5.000 


14.490 
4,700 ‘1 

to 9,700 to *1 
4,900 

to 10,0(K) to 
9,000 •( 

to 12,300 to I 
16,500 n 
to 27,500 to !•] 


10,980 
9,600 
to ll.(M )0 
5.000 
to 10,000 
20,600 

li.’ooo 
to 12,600 
7,600 
to 7,800 
10,160 

15,100 
10,000 
to 12.600 
9,6(M) 
to 13,600 
7,000 
to 10,S(M) 
7,400 

7.100 
to 8,450 
8,550 
to 13,800 
I 8,000 


. . 1 8,300 

to 9,450 

4,418 9,600 

) to 10,200 
19,200 
9,600 

12,000 

to 19,000 


Welgl t 
per 
CuWc 
Inch. 

Modulus , 

Of 

Elarticltj-. 

lb. 


•025 

1,600,000 

to *029 


*027 

1,000,000 

•025 

1,600,000 

to *029 


•025 

1,350,000 

*026 

1,600,000 

to 026 


•046 

2,000,000 

•02 

500,000 

•018 

486,000 

•027 


•02 

1,1*4*0,000 

to -024 

•009 


•025 

1,672,000 

•043 


•026 


•027 

2,470,000 

*02 

700,000 

to 021 

to 1.840.(KM) 

•017 

700.000 

to •026 

tt) 2.0(M),()00 

•017 

1.400,000 

to *018 

to 1.800,000 

•034 

J.2(>0,(K11) 

to *042 

to 1.700,000 

•031 


•027 

1.543,000 

•038 

1,050,000 

to -041 

to 2.100.(K)0 

•024 

1,810.0(K) 

•02 

1 1,982,400 

to *023 

•019 

005,000 

to -02 

' to 1,3(M).0()() 

•048 

I 

•02 


•02 

1,580.000 

to *024 

to 1, 970.000 

•031 

1,265,000 

•024 

to 3,(M)0,(K)0 
! 1 .452,000 

to *027 


•036 

2.283,000 

•02W 

2,000,0(H) 

to -035 


•02ei 

! .200.000 

to -034 

to 1,750,000 

•02 

1,460,(KH) 

to -024 

to 2,350,000 

•016 

1,570,000 

to -02 

•018 

1,600,000 

•021 

to 2,480,000 
2,300,000 

to -023 

•02 

1.536,000 

to *021 

to 1.957,000 

•023 

1,224,000 

to -034 

to 3,000,000 

•017 

870,000 

to 027 

to 3,000.000 

•028 

1.343,000 

•018 

768,000 

to 015 

to 1,180,000 

•035 


*021 

1,040,000 

to -025 


•024 

1.943,000 

to 035 

to 2,414,000 

*025 

306.000 

•014 

to 837,000 

to *02 


•028 








MATSIIIAI^ AND •TIHIOTUfm 


Hie next table gives a comparative view of 
soDM of the more important timbers as regards 
their strength, stiffness, and resilience. 


Name of Wood. 

( 

)ak being = 

100. 

Strength. 

Stiffness. 

Resilience. 

Acacia 

95 

98 

92 

Alder 

80 

63 

101 

Ash (EngUsh) 

n» 

89 

160 

„ (Canadiau) 
Beech 

79 

77 


1U3 

77 

138 

Cedar (Lebanon) . . 

62 

28 

106 

Cliefltnut 

68 to 89 

54 to67 

85 to 118 

Deal (Christiania) 

104 

104 

104 

Elm (Canadian) . . 

114 

189 


., (EngUsh 

Fir (smooe) . . 
Greenheart . . 

82 

78 

86 

70 to 86 

72 to 81 

60 to 102 

165 

98 



Hornbeam 

108 





Jarrah 

85 

67 


Kauri, or Cowrie . . 

80 to 92 

116 to 162 

74 

Larch 

103 

79 

134 

Mahogany 

(Konduras) 

96 

93 

99 

„ (Spanish) 

Oak (African) 

67 

73 

61 

144 

101 

138 

„ (American) . 

80 

114 

64 

„ (Dantzic) 

107 

117 

99 

(English) . . 1 

100 

100 

100 

„ (Riga) . . . . 

Pine (red) | 

108 

93 

125 

81 

132 

— 

,, (white) 

99 

95 

103 

„ (yellow) 

„ (Dantzic) 

60 

108 

139 

130 

z 

„ (Memel) 

80 

114 

56 

„ (pitch) 

82 

73 

92 

„ (Riga) . . . . 

80 to 83 

62 to 98 

64 

plan- 

92 

78 

108 

Poon (Barmah) 

104 

99 

82 

Poplar 

50 to 86 

44 to 66 

67 to 112 

Sycamore 

81 

59 

111 

Teak 

109 

126 

94 

Walnut 

1 

74 

49 

111 


COMPARISON OF VARIOUS TIMBERS 

Test Pieces. The most usual t(^»t of 
timber is for transverse strength. Pieces are 
prepared, as in 74, 1 in. square and 15 to 18 in. 
long, placed upon hard and firm supports 
12 in! apart and loaded in the centre, or what is 
called loaded in the centre, which may be anything 
from a sharp V-edge to a round pin 3 in. diameter 
or a flat bar 1 in. wide. The variation in results 
is sometimes due to loose ideas as to what 
constitutes a central load. When larger test 
pieces than 1 in. square are used, such as 2 in. 
by 1 in., or 3 in. by 2 in., the deeper side is placed 
vertical, and the clear span is increased so that 
the load required to break them shall not be 
excessive. 

The reduction to the standard value of 
1 in. square and 1 ft. span is made by considering 

that the strength varies as ^ where b — 

breadth in inches, d = depth in inches, and L ~ 
span in feet. For tensile tests the pieces are 
shaped as in 75, but may be larger, according 
to the capacity of the machine, frequently up 
to, 81 ^, 3 in. by 3 in. in the central part. The 
ends are held by cast-iron clips bolted together, 
and the taper is such Uiat sufficient length shall 
be left to provide a|;ainst detrusion without 
any sudden change m sectional area, which 
would at once form a weak spot. 


For compression tests it is usual to take a 
cube of 2 or 3 in. side, as 76, and press on the 
end grain, noting when splitting first occurs and 
when final crushing takes place. When the test 
piece is longer than its least width there is a 
reduction of strength, but it is not noticeable 
until the len^h exceeds about six times the 
least width. There are very few recorded tests 
of the resistance of timber across the grain, 
although it is a very important matter, frequently 
recurring in construction. For instance, when a 
timber beam rests on a post, the post will have 
a much greater working pressure per squan^ 
inch of bearing area than will the lK*am, especi- 
ally in fir, and it is necessary to spread the 
pressure on the beam by a haid wood corbel, 
in order to secure economy and efficiency ; hut 
it is mostly guesswork. Approximately timber 
will only bear half the load perfMmdicuhir to 
the grain that it will bear in the direction of 
the grain. 

Testing Machines. Messrs. W. & T. 
.Avery, Ltd., make a very compact and handy 
testing machine for transverse tests up to 
40 cwt. and tensile tests up to flO cwt. [77]. 
It may b<^ used for asoi'rtaining the transverse 
breaking strength and deflection of any material 
up to cast-iron bars 2 in. by 1 in. in section 
and 36 in. clear span, and in Umsion up to 
cast-iron specimens i in diameter. The bed 
plate is of cast iron, fitted with dogs for 
holding the specimens adjustable to suit 
different lengths of bars, the base being gradu- 
ated so that the specimens may be accurately 
positioned, either 12 in, 24 in., or 36 in. 
between centres. A graduated dcfl(‘(*tion scale 
is attached to the machin^', by means of which 
the varying deflections of a specimen under 
different strains can be ascertained at any 
period of the test. The scale has two series of 
graduations, one decimally by ..y^th in. divisions 
up to 1 in., and the oth(‘r by divisions up to 
J in. A cast-iron standard is oolted to the has j 
plate, fitted with hardened steel bearing blocks 
upon which the fulcra knife-edges of the steel- 
yard rest. It has a strong wrought-iron 
steelyard, machined and polished bright, fitted 
wdth hardened steel knife-edgts, and graduaU^d 
up to the full capacity of the machine, thus 
dispensing entirely with loose weights. The 
steelyard is provided with a sliding poise, by 
means of which the steelyard is kept in equili- 
brium and the strain indicated. To ensure 
the strain being steadily and evenly applied, 
and the most accurate results attairn^, a small 
hand-wheel is fitted to the poise for propelling 
the latter. The strain is applied by actuating 
a turned and polished hand -wheel, with a screw 
working through a steeled and hardened stirrup, 
which exerts the strain on to the specimen. 
To minimise the shock on the steelyard due to 
the breaking of the specimen, a spring buffer 
is fitted to the steelyard carrier. For tensile 
and compressive tests of wrought iron and steel, 
larger machines are generally used, which will 
be described in connection with the testing of 
metals. 


Continued 
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MATHKMATIQ^ 


depend pn the principlee of Proportion, 
The student ought to ilind no difficulties if 
he remembers that : 

(1) £ 8. d. tn a company is Stock. 

(2) £ 8. d. to be sold out is Stock. 

(3) £ 8. d. to be invested is Cash, 

(4) Brokerage is not reckoned unless specially 
mentioned in the question. 

Example 1. I invest £4653 in 2J per cent. 
Consols at 94. How much stock do 1 get, and 
what is my income ? 

Here, we are told that £94 will buy £100 
stock, and we have to find how much stock 
£4653 will buy. 

£94 : £4653 ! ; £100 stock : Required stock. 

Required stock = = £4950 Ans. 

94 

Again, we know that £100 stock gives an 
income of £2J. We have to find what income 
£4950 stock w’ill give. 

.*. £100 : £4950 ; ; £21 ; Income. 

Income- £123 ISs. .4ns. 

100x2 — — — 

Or, in finding the income, we may work with 
cash instead of stock. For we know that by 
investing £94 an income of £21 is obtained, 
and we are required to find >\hat income is 
obtained by investing £4653. 

Example 2. If 1 invest in 6 per cent, stock at 
140, what percentage do I get on my money ? 

We have to find what income £100 will pro- 
duce, if £140 gives an income of £6. 

Hence, 

£140 : £100 ; £6 : Required pc^rcentage. 

.'. Percentage = - 4y Arui. 

Example 3. Which is the better investment, 
3 per cents, at 98, or 31 per cents, at 1 15 ? 

We may either, as in Example 2, find the 
actual percentage in each case ; or, wc may 
proceed ao follows : 

In the first stock, an investment of £98 pro- 
duces £3 income. By proportion, we find that 
the amount which must l>e invested to produce 
£31 is 

£98x3l_ 343 
3 “3 ' 

But the second stock requires an investment 
of a greater sum, viz., £115, to produce this 
income of £31. Therefore, the 3 per cent, stock 
is the better investment. 

Example 4 . A man sells out £5,000 from the 
21 per cent. Consols at 85l (brokerage }) and 
invests the proceedc in 61 per cent, railway 
shares at 1651 (brokerage 1). Find the change 
in his income. 

His income from Consols = 50 x £21 - £125. 

He sells £100 Consols for 851 - i, i.e., £85. 

Therefore, he sells £5,000 Onsote for 50 x £85. 

Next, to obtain £6^ income from railway 
shares, he has to mvest £(165^ -f J), t.c., £165f , 
We propm^on, what mcome be will get 

by invastfaig 50 x £85. 


Thus, 

165| : 50 X 85 ; £6J : Income. 

Hence, his new income 

5 2 

-£61 X 50 X 85 X ,50 X S.5 x ^ 

165} ' 

n 

3 

== - £166 13b. 4d, 

Therefore, tho new investment increases his 
income by £166 13s. 4d. - £125 £41 13s. 4d. Ans. 

Note, that in examples of this sort, it is not 
necessary to find the utnount of stock ho obtains 
L)y the new investment. 

Example 5. A man invested his money in 
railway stock which yielded a dividend of 64 j)er 
cent, tho first year, and he paid Is. in the £ 
income-tax. The next year the dividend wa« 
6 per cent., and the income-tax was lOd. His 
net ineome was thus reduced by £119. How 
much stock had he ? 

Income-tax at Is. on £6J 6 .Jn. 

In the first year, each £100 stock gives a net 
ineome of £6 lOs. - 6k. t»<l. £6 3s. (kl. 

Income-tax at Kkl. on £6 oh. 

.'. In the second year, (‘ach £100 stock gives a 
net income of £6~r)s. - £5 15s. 

Hence, his income from ea(*h £100 stock is 
reduced by £6 3 h. fkl. - £5 15s., or Hs, 6d. 

But the total reduction is £119, and wo find 
by proportion what amount of stock this 
represents. 

Thus, 

Hs.fid. : £119 ; ; £1(M) stock : Itcouin^d amount. 

Whence, amount of stock 
£l(K)xni.x2x2(> 

17 


Example 6. man invests £22000. partly 
in 3 per cent, stock at 88, and partly in 4j p(T 
cent, stock at 110. He finds that on the whoki 
he gets 3J per cent for his money. How much 
is invested in the 4^ })cr c( nts ? 

His income™ 220 ^ £3J - £770. 

If all his money was invested in the 3 jicr 
cents, his ineome would be 


•>20tK) X 3 
88 


£ 750 . 


This is £20 less than his actual income. 

The L.C.M. of 88 and 110 is 440. If £440 iH 
invested in the 3 per cents, it gives an income 
of 5 X £3 ™ £15. If £440 is invested in the 
44 per cents., it gives an ineome of 4 x £44 ” 
£18. That is, by investing £440 in the 44 per 
cents, instead of in the 3 per cents., he increases 
his income by £18 - £15 = £3. We have only 
to find how much he must transfer to the 44 
per cents, to increase his income by £20, 

Thus, 

3 : 20 ; ; £440 : Required Ans. 

/. Amount invested in 44 per cents. 

«440 X 20 _ «8800 
^ 3 3 

£2933 6b. 8d. Ans. 
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Note. If mc had Ixjen required to find the 
amount of stock in the 4^ per centn., wc nhould 
« imply have had to uhc £400 stock, instead of 
£440 cash, for the third term of the proportion. 

EXAMPLES 17 

1. How much must be invented in 4j per cent, 
stock at 102 to obtain an income of £380 ? 

2. A man sells out £9400 of 2J |^r cent. 
Consols at 90, and invests the proceeds in a 4 per 
cent, stock. He thus increnses his income by 
£5. What was the price of the 4 per cents. ? 

8. How much must l>e invested in 3J per cent, 
stock at 115] (brokerage \) to give an income 
equal to that obtained from £5775 stock in 3 per 
cents, at 99 ? 

4. A man invests in a 5 per cent, stock. After 
paying an income tax of Is. in the £, he finds he 
gets 3i per cent, on his money. At what price 
did he buy the stock ? 

5. A man invests half his capital in 3^ pc*r 
cent, stock at 90, and the rest in 4J per cents. 
Ho obtains the same income from each invest- 
ment. What is the price of the 4i per cents. ? 

6. By investing a certain sum in the 3J per 
cents, at 98, my annual income is £15 more than 
if I had invested in 3 pt'r cents, at IK). What 
sum did I invest ? 

7. A person has £8225 in a 3J per cent, stock. 
He sells out oa much of it, at 102, as will produce 
£4131, and invests the proceeds in 5J per cemts. 
at 119. Find the change in his income. 

8 . A mm invests £2500, some of it in 3] jK‘r 
cents, at 103.^, and the rest in 4 per cents, at 140. 
On the whole, he gets 3 |>er cent, interest on his 
money. How much of each stock does he 
buy { 

Answers to Arithmetic 

Examples 16 

1. £441 12s. Od. 

2. Interest - £980 - £875 -- £105. Interest 

on £875 for 3 years at 1 f)er cent. — £2t)’25. 
.*. Required rate ~ £105 £26 J — 4 p(*r cent. 

8. Interest on £100 for 8 years at 4^ jkm* 
cent. £36. Hence, the proportion is £36 : 
£183 38. ; ; £100 : Required sum. This gives 
£508 15s. Ans, 

4. At 4 per cent., the interest on £100 will have 
amounted to £100 in 100 -t- 4 = 25 years Ans. 


5. £1091 40. lOd. 

6. See Art. 126. Then, working in a similar 
way to Art. 125, we get the required interest 
-£4 15s. ll*98d. ^£4 lOs. 

7. £212 10s. 

8. By method of Art. 128, £x. 2, the present 
worth is found to be £1250. Hence, the true 
discount is £1447 Os. 7.ld, -£1250 — £197 Os. 7Jd. 

9. See Art 181. Amount of bill - £816 138. Id. 

10. Hill is due on August 7th. On March 
14th it still has 17 + 30+ 31 + 30+ 31 + 7 
= 146 days to run. Banker's discount is, there- 
fore, the interest on £400 for « year at 5 per 
cent. £8. The holder of the bill receives 
£400 - £8 - £392. 

POWERS AND ROOTS 

188. When a product consists of the same 
factor repeated any number of times it is called 
a jiower of that factor. 

Thus. 

7 > 7 is the second 'power., or the square of 7. 

7 X 7 X 7 is the third power, or the cube of 7. 

Similarly, by taking four, five, six, etc., 
factors, wc obtain tlic fourth, fifth, sixth, etc., 
powers. 

A jKHver of a numl)cr is generally expressed 
by writing the numl>er only once, and placing 
after it, above tl\e line, a small figure to show 
how many factors arc to be taken. The small 
figure is called an ind€.r. 

Thus, 

7- - 49 ; 7 '- 343 ; 7^= 2401. 

139. A number is called the square root of its 
squai+. Since 7‘ — 49, the square root of 
49 is 7. 

The symbol J is used to denote the square 
root. Th’s symbol was originally the letter r, 
and stood for radix, the Latin w^ord for rctot. 

The “ square root of 49 " is w'ritten ,^/49. 

Again, a number is called the cube root- of its 
rube. 7'* - 343. Therefore, the cube root of 
343 is 7. 

The " cube root of 343 " is wTitten ^343. 

Similarly, a numl>er is the fourth root of its 
fourth power, the fifth root of its fifth pow'cr, 
and so on. 

A perfect square is a number w'hose square 
root is a whole numbc*r. A perfect cube is a 
number w'hose cube root is a whole number. 
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THE PROPERTIES OF MATTER PHYSICS 

The ** Fundamental ” Properties— so called. Universal Motion. The 9 

Kinetic Theory of Gases. Molecular Forces. Surface Tension . 

iMsrv 1144 

By Dr. C. W. SALEEBY 


** Fundamental ** Properties of Matter. 

In previous chapters wo have already had 
to note the most striking of the physical 
differences which may obtain in the case of 
matter that is chemically one and the same in 
each case. There is no better instance than that 
of water, already mentioned. But there is a 
very largo numlx^r of other physical propt^rties 
of very great importance, and each of these must 
bo briefly considorea. Btdore considering them, 
however, we must note the existence of certain 
profMTties of matter to which some reference has 
alrt'ady been made. In the first place, there is 
extension^ or magnitude, or the proj)erty of 
occupying space ; in the second place, tluTc is 
the property of inertia, [See page 312.] Then, 
again, there is the property of attraction In'tween 
every particle of matter and every other particle 
that we call yravity, and have considered at 
length. We have also referred to the property 
which is called impenetrability — a rather stupid 
and misleading name. It dcK's not m(‘an that 
your tea cannot penetrate into a lump of sugar, 
but simply that where the particles of sugar aro 
the particles of tea cannot also lx*. 'Phis character 
of matU^r was also referred to in our second 
chapU'r, and we showed how difficult it is to Ik) 
consistent in our ideas on this point when we 
come to compare them with the new theory of 
matter. Only a few years ago it was possible 
to say that impenetrability is a sedf -evident 
property of matter, just os it seems self-evident 
that matter is that w'hich occupies space ; yet 
both extension and impenetrability, as properties 
of matter, are now' undergoing grave criticism. 
The last of this group of properties of matter is 
diinsibility, a word which explains itself. Here, 
again, we find ourselves in difficulties to-day. 
The physicist, for instance, may take a portion 
of w'ater, and in theory may go on dividing it 
and dividing it until he reaches certain ultimate 
particles, which are still particles of water, but 
which, if further divided, would ceaf^c to be 
water. It is iust at the point when this further 
division is undertaken that the domain of 
physics ends and the domain of chemistry 
begins. For when these molecules of water are 
broken up we get new objects of study (oxygen 
and hydrogen) w'hich differ from water, not 
merely in physical state, but in their chemical 
aature. 

Ultimate Divisibility of Matter. But 

we cannot run away from our difficulties in 
this fashion. As physicists we propose to 
study the properties of matter in general, and 
we assert that divisibility is such a property. 
Someone submits to us, let us say, a specimen 
of pare hydrogen ; in theory we divide it and 


divide it until we reach its ultimate molecules, 
each of which consists of tw o atoms of hydrogen. 
[See Chemistry.] Therefore, in theory, we 
divide the molecules into atoms, tlu‘ smallest 
particles of matU^r, as we know' it, that can exist. 
But in imagination W'e can conceive of the 
possibility of dividing even an atom ; and, indeed, 
w'e now know that the atom is really a compound 
body made up of a number of elt'ctrons. It is 
Ix'lieved that these electrons are absolutely the 
units of matter. But we have asserted that 
di visibility is a pro])erty of matter, are W'c not 
then entitled to declare that even (Oectrons can 
l>(‘ divided ? How'in'er small we eoneeive an 
electron to be, yet it really luis a material 
existence ; we cannot eoneeive that a sufficiently 
delicate knife might not chop it in half ; yet, 
as we already noU‘d [page 3131, it is mores 
than doubtful whetlu‘r tlie existence of the 
electron is a material existence at all ; it is in 
all probability an (‘li'ctrieal existence. In the 
last resort, thendon^, we are comp<‘lltxl to 
abandon the assertion which has been so long 
maintained — that divisibility is a fundamental 
jiroperty of matt/cr. W(‘ have not really added 
to our difticultiers, however, but- have simplified 
them. On the old view that divisibility is an 
essential ])ro})(Tty of matter, w(‘ were landed 
in alternaU^ absurdities. On the om* hand, we 
could not cfineeive of any particle of mailer so 
small that it could not lie divided, and yet if 
W'e imagim^d the process of division to go on 
for ever and ever wo found ourselves in a 
difficulty just as great. 

A Conundrum Solved. But it seems to 
the present wrik^r quik^ clear that the new theory 
of matter has disposed of this old conundium 
which has puzzled men's minds for centuries. 
It is true that matkr, os we know it, has thc^ 
property of divisibility, but when we reduce 
matter to its ultimak units we find that all 
our ordinary ideal are inapplicable. These 
ultimak units are found not to have any material 
exiskmce at all, but to l>e manifestations of 
energy. Now', it is meaningless k) talk of energy 
occupying space* ; it is meaningless to talk of 
energy being impenetrable ; and it is still more 
meaningless k) talk of energy Ixdng divisibUr, 
as if you could take? a piece of energy in youi 
hand and cut it in half. When, therefore, we 
come to study what have long been called the 
fundamental properties of matter, in the light 
of the work of the last ten — especially the lost 
two — years, we find that these so-called funda- 
mental properties arc not fundamental, and that 
we reach a stage in our analysis of matter w'hon 
they simply cease to have any meaning. Cfno 
hesitates to use a word which has been employed 
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by spiritualisU and all sorts of spiritualistic 
quac(» ; but the fact is that, as a French 
observer has recently said, modem physics has 
accomplished the de-nuUerialiBcUion of matter, 
and having revealed it as something which is 
ultimately not material at all, has compelled us 
to modify all our old assertions as to what we 
umkI to call its fundamental properties. 

We have spent much space on this subiect 
here and in a previous lesson. The reader will 
find no reference to it in any ordinary text- book 
of physics, and may accuse us of not having a 
due sense of propcjrtioii ; but the fact is that 
during the last year or two the fundamental 
notions of physics have undergone profound 
changes, and to ignore the consequences of 
t}i(*Ho changes would simply be to ignore the 
most importarit and remarkable work that has 
Ixjcn done in pnysics since the time of Newton. 

I.<(^aving now these exceedingly difficult and 
subtle questions, wo may pass on to the con- 
sideration of other properties of matter which are 
of veiy great importance, but which fortunately 
are in many ways much easier to understand 
than those properties which wo have already 
attempted to discuss. Let us simply content 
ourselves with the existence of molecules, using 
that word in the strict modern sense defined in 
the courno on Chkmihtry. On page 692 in 
that course we considered in a short para- 
graph the (picHtion of the actual si/,e of mole- 
cules. Ix't us now pass on to consider the 
behaviour of molecules in general, not the 
behaviour of a molecule of water as distinguished 
from a molecule yf, say, sulphuric acid — that 
would Ikj more properly a chemical qticstion ; 
but bt're m'o are concerned with the bohavioifr 
which is common to all molecules, no matter 
what their chemical composition may bo. 

Nothing is at Rest. The first and 
most important fact, of the profoundest im- 
portance from every point of view — physical, 
chemical, and philosophical — is that ^1 mole- 
cules ai’c in movement. This is a fact upon 
which all students of the matter are agreed. 
In our pr<*vious chapU^rs we have spoken of 
molai forces and properties ; we have discussed 
motion and the laws of motion. As these words 
lie before you on the table they are at rest — the 
pages will not move unless something moves 
them ; but if you could see the molecules of the 
pages you would find them to be all in active 
motion. Consider any mass of mattei you please, 
such os a billiard-ball, and it may be at rest as 
a whole or in motion as a whole ; these are molar 
rest and molar motion. But in all the matter 
that wo know there is no such thing as molecular 
rest ; tliore is nothing but incessant molecular 
motion. The molecules that go to mi^e up 
the ivory of the billiard-ball are in inoessant 
motion omongst themselves, no matter whether 
the billiard-ball, as a whole, is moving or at rest 
Now, when we have completed our discussion 
of the properties of matter, we are going to 
consider the great subject of heat, and we shall 
find that this property, molecular movement, 
is of the very first importance in relation to the 
whole subject of heat. No one can possibly 
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understand heat, or the great physical tmths 
to which the study of heat has lea us, without 
having a clear understanding that whererer 
there is matter, there is motion. Indeed, we 
fchall not have proceeded far in our study of 
heat before wo discover that what we call beat 
is none other than molecular motion. 

Molecular Motion of Gaaoa. First 
of ail, let us consider matter in that physical state 
which we call gaseous. The molecules of a gas 
are in a state of much freer and more rapid 
motion then the molecules of a liquid or a solid. 
In a previous chapter we have diiscussed some 
aspects of the fact called fluid pressure. We 
have seen that those fluids known as gases always 
completely fill any space in which they may be 
enclosed. In this respect they differ profoundly 
from the fluids called liquids and from solids. 
It is believed, for the most excellent reasons of 
many kinds, that the characters of a gas, its 
pressure, the relation of its pressure to its 
temperature and its volume (previously de- 
scribed as Boyle’s Law), and its behaviour in 
completely filling any space in which it is 
enclosed are consequences, one and all, of the 
molecular movement in the gas. We have to 
regard the molecules of every gas as rushing 
violently about in one direction and another, often 
striking one another or rebounding from the 
sides of any vessel that encloses them. We must 
beware, however, of forgetting Newton’s law of 
motion. We must not conceive of the molecules 
of a gas ns changing the direction of their motion 
at their own sweet will ; they have to obey the 
law of inertia, and their movements and the 
course of the direction of their movements are 
determined by forces outside them. If a mole- 
cule of a gas moving onwards changes the 
dirciction of its motion, that is because it has 
collided with another molecule or with some 
solid body, such as the side of a vessel, or because 
some new force has been impressed upon it. 

Molecular Motion and the Radio« 
meter. Now, in a previous chapter, when we 
were discussing gravitation and the great dis- 
covery of radiation pressure, we referred to the 
radiometer of Sir William Crookes [page 938]. 
We saw that when heat is applied to the radio- 
meter the delicately balanced vanes which lie 
in a partial vacuum inside the glass bulb begin 
to revolve, and it was asserted that this revolu- 
tion was due to the fact that the remaining air 
inside the bulb is unequally heated, owing to 
the foot that one side of each vane is bright, 
whilst the other is blackened. The blackened side 
of each vane absorbs far more heat than the 
bright side, and so the molecules of gas that 
strike against the blackened sides are heated in 
a greater degree than those which strike the 
bright sides. 

The effect of this heat — ^indeed, the very 
existence of this heat — ^imparted to the mole- 
cules oouBistB in a more rapid molecular move- 
ment. The consequence is tnat as they reboimd 
firom the blackened sides of the vanes they 
aocmire an additimial speed, and since, according 
to Newton’s law, action and reaction are equal 
and opposite, they, so to speak, kick tiie yaiie 
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behind them as they leave it. The consequence 
is that the vanes are set into rapid moveni'^nt, 
the bright side of the vane being the advancing 
side, since it is the black side that has been 
kicked, so to speak, by the heated. molecules as 
they rebounded from it. 

VATiat the radiometer demonstrates, then, is, 
as we have already seen, not radiation pressuio 
at all, but the molecular motion that occurs in 
every gas or mixture of gases, such as the air 
inside the radiometer. 

Kinetic Theory of Gases. Now wc 

must look further into this question of molecular 
motion in a gas. All the facts tliat jhysicists liavc 
observed have led them to frame what is known 
as the kinetic thec/ry of gases. W(‘ need not define' 
the word kinetic again, since the reader will 
remember its derivation from the (Jm'k word 
implying movement. Now', the kinetic thv'()ry 
of gases asserts that the molecules of a gas are in 
constant movement, which is of the kind we 
defined in an earlier chapter as movement of 
translation — that is to Ba3% not movement of 
robUion in one jilace, but movement, as a 
whole, from one place to another plaet*. This 
movement of translation implies the iiossession 
of kinetic ent'rgy (a term already defined) by 
the molecules of the gas ; and it is further 
asserted by this theory that the di‘gr(‘e of this 
kinetic energy depKnds upon the amount of 
heat in the gas. Indeed, the amount of heat in 
the gas the amount of kinetic energy of its 
molecules. In other words, the heat in tlu' gas 
and the molecular motion of the gas are one and 
the same thing. lienee the total quantity of 
heat in a given mas.s of gas will consist of the 
sum of the kinetic energy of all the molecules 
that are contained in it. Further, the kinetic 
theory of gases hel[i8 us to understand the 
pressure of any gas or mixture of gase.s. 

The Kinetic Theory and Gaseous 

Pressure. The pressure of a gas must bo 
regarded as the consequence of the ceiiseless bom- 
bardment of the surfaces which enclose that gas 
by its molecules. The pressure of the gas will vary, 
and indeed does vary, in accordance with this 
thex)ry. [Compare Boyle’s law, already referred 
to.] For instance, if we diminish the density 
of the gas — that is to say, the number of molecules 
in a given volume of it — we diminish its pressure. 
This must be so, simply because there, are fewer 
molecules to exercise that bombardment of 
which we have spoken and upon which we have 
asserted the pressure of the gas to depend. 
Again, the pressure of the gas will diminish if we 
lower its temperature, and will increase if we raise 
its temperature. These fac is are readily explained 
by the kinetic theory of gases, for when we lower 
the temperature of a gas wc lessen the amount of 
heat in it — that is to say, we reduce the amount 
of molecular motion in it, or the amount of 
kinetic energy which Its molecules possess ; 
the pressure of the gas is reduced because the 
vigour of the bombardment is less. Similarly, 
when the temperature of the gas is raised there 
is more heat in it — that is to say, there is more 
molecular motion, more kinetic energy, a more 


vigorous bombardment, and llioixdore an in'Toase 
of prc88urt\ 

Much attention has imid to the actual 
speed with w'hich the molei'ules of a gas move ; 
it varies very widely in the case of different 
gase.s. At a temperatuiv of O'" C\ the average 
spt'ed at which the molecules of hydrogen gas 
move is considerably more than ! mile fK>r 
second. The molecules of oxygen gas at the 
same temperature — mok'cules which, as the 
student on the coins ‘ of Chemistry will re- 
member, have a mass Iff times gn>ater than the 
molecules of hydrogen — have a sjkhmI one-fourth 
of that of the hydrogi'ii moleeules. 

The “Free Path* of a Molecule. 

Now, we have stated that amolecaile of hydrogen 
at th(' temjxTatun' of the fna'zing point water 
uoiild move considerably more tli^in a mile in om* 
second ; but wc iniist remember that it is sur- 
roiind<*d by a host of other molcculi's with wliicli 
it must often collide, Henct' th(‘re ari-ses tins 
very interesting question. In any givm gas, at 
any given teni|K‘ratur(‘ and ))reHsiirt% what is thc' 
average actual distanei' through which a moloeiilc 
can move iH'fore it strike's against another 
molecule and has its coursi' (hangi^d ? This 
average, or mean distanct*, is technically known 
as the ynran free 'fsith of a inoli'cule. IMainly, the 
mon* dense' the gas hi' — that is to say, thi^ more 
its moleeules he crowdi'd together — the shorter 
is the distance which thi' molecule can expect 
to travel in a straight line without, so t/O sfx'ak, 
humping up against another molecule. Pi'rhaps 
wc may get a clear imagi' of what must happen 
if we compare the conditions under wliieli a 
skater can move in a crowded or a ni'arly empty 
skating rink. Now, it is stated that in thi^ case 
of till' molecules that go to form the gases of the 
air within the ordinary limits of the atmospheric 
)»reKsur(5 and temfierature, the mi'un free path 
must be exciH'dingly short, amounting to fMTliaps 
about l,00t) times the incredibly minub' dianieti'r 
of a molecule. ^Flie numbi^r of collisions whieli 
any molecule must undergo in a seijond under 
such conditions must be almost imraeasura ble. I f, 
however, we consider the molecules of the gases 
of the air that is present in thi* so-iralled vacuum 
of an ordinary inoandesetmt electric laniji wc 
find that the proportion of molecules to the sfiace 
they occupy is so small that, were it not for 
striking against the glass itwdf, each molecule 
would have a mean free path of more than 
30 ft. 

No Cohesion in Gaeee. Now, let us 
consider the physical state of a gas and contrast 
it with the physical state of liquids and solids. 
If you move one end of a stick, the other end 
moves also, a most remarkable and wonderful 
fact, though it is such a common case that few 
of us have ever thought about it ; but when we 
do come to think about it we see that there must 
he some intimate relation between the molecules 
of the stick, so that when one end of the stick 
is touched something is transmitted which 
compels the other end of the stick to move also. 
This property of the molecules of the stick we 
will call cohesion, and the first point to not© 
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about the physical state of any gas is that its 
molecules have no cohesion. They ate absolutely 
independent of one another save for the fact 
that they are apt to interfere with one another 
bv means of coWons ; but it is evident that 
oi co\ve8ion-as tbe moleculeB of the stick We 
cobosion-they possess not a trace. ^ ^ 
then, the physical state of a 
with the physical staU. of a 
relatively simple. We have merely to conceive 
of the gas as consisting of a mimi>er ot inae- 
pendent molecules oa^h pcMsessed oi energy ot 
motion, or kinetic energy, in virtue of which it 
flies onwards in a straight line until it strikes 
something which sets it on a new course in another 
straight line, and so on indefinitel}^. There is 
no w>hosion between the molecules, and though 
we must lx}liove that gravitation acts between 
them, there is nothing of what wo shall soon 
learn to call molecular attraction. 


Molecular Motion of Liquids. Now 

let us turn to consider the case of a liquid and 
the peculiarities of its physical state. Here, 
again, we may l)e absolutely certain that there 
is abundant molecular motion, and we must 
inquire into the dillerences between molecular 
motion in the case of a liquid and the case of a 
gas. But lirst of all let us notice a most im- 
portant consideration, which will reappear 
when we come to consider the contrast betw(H.‘n 
a liquid and a solid. We speak and think as if 
there were three states of matter— -solid, liquid, 
and gaseous — the distinctions between them 
being almoluUi. But, of course, we cannot forget 
the fact that there are many solids, such as pitch, 
which pa.ss by continuous stages from the solid 
to the liquid staU^. This, and many similar 
facts, together with our philosophical belief 
that Nature is not broken but continuous, and 
together witli the conceptions which we must 
form as to what happens during tbe gradual 
process of evaporation of a liquid, or liquefaction 
of a gas or solidification of a liquid — all those 
considerations lead us to the very important 
conclusion that the transitions of ice, for instance, 
to the state of liquid water and then to the state 
of water vapour are absolutely continuous. 

Transition from Solid to Gaseous. 
Wo are compelled to believe that all tbe stages 
between the solid and the gaseous state, which 
our reason compels us to assume, do really exist. 
The fact merely is that, as a rule, certain of 
these stages, such as the stages between ice and 
liquid water, are so rapidly passed thiough 
that unless very careful experiments are made 
for the purpose we fail to observe them. But 
the new science of physical chemistry has devoted 
much attention to this subject, and as the y^ars 
go on we constantly become more and more 
certain that the so-called three states of matter 
represent not states that are absolutely distinct 
from one another, but states which are con- 
tinuously connected by an unbroken series of 
gradations, certain of which happen to be very 
hioonspiououB or so rapidly paaaed through that 
in the case of the majority of substances and 
under ordinary oonditions we fail to observe them. 
Having insisted on this most important point, 
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let os seu what happens when a g^s is liquefied 
Let us consider toe most famUmr instance 
which is that of watei’ vapour or gaseous water. 

Liquefaction of Water Vapour. The 

use of the two words gas and . vapour is 
merely a matter of somewhat doubtful con- 
venience, the word gas being applied to sub- 
stances which are most familiar to us in the 
gaseous state, and the word vapour to substances 
in gaseous form w'hich, however, are most familiar 
t«o us either as liquids or as solids. If, then, 
we consider the case of water vapour, we may 
ask what must happen when a given mass of 
water vapour is subjected to an increasing 
pressure ? We will assume that tbe temperature 
remains the same, else our problem is complicated. 
As the water vapour is compressed, its mole- 
cules become crowded more and more together, 
until at last wo may imagine that a point is 
reached when a certain number of molecules 
would become so crowded that tbe force called 
molecular attraction would be able to assert 
itself between them and their neighbours. 
The excellent illustration has been given of 
the case of some planet or comet conceived to 
bo wandering through space in a free path. 
By chance it comes within a certain distance 
of some other body, such as the sun, and gravita- 
tional attraction asserts itself to such an extent 
that tbe wanderer loses its freedom of move- 
ment and is compelled to enter into a special 
relation with the attracting body — such, for 
instance, as the relation which the earth holds 
to the sun as she travels round him. Now, some 
thing like that happens when the waU^r vapour 
we are considering is compressed l)eyond a 
certain point. 

Molecular Attraction. In the case of a 
molecule hero and a molecule there, and gradually 
in the case of more and more molecules, the force 
of molecular attraction, whatever that really may 
be, comes to assert itself, and a new state of affairs 
is gradually sot up, in which the water vapour 
gradually loses the character of a gas and assumes 
the character of a liquid. We must thus believe 
that the molecules of a liquid have become 
entangled with each other in the same sense as 
the earth is entangled with the sun. Previously 
they were able to move in any direction, and 
had so much kinetic energy of their own tliat 
they could even fly upwards, notwithstanding 
the force of the eartns attraction. But now 
they have lost their momentum and have 
established a new relation with each othei. 
Gradually the process of liquefaction continues, 
in accordance with the assertion we have 
already made that the transition from the gaseous 
to the liquid state is gradual and continuous. 
When the total volume of water vapour has been 
sufficiently reduced, we find that it is no longer 
water vapour, but liquid water. Exactly the 
same results as have been achieved bv increasing 
tbe pressure without alteration of the tempera- 
ture would also have been achieved hy reducing 
tbe temperature — ^that is to say, reducing 
the amount of kinetic energy in the moieoules — 
even though we had not subjected the water 
vapour to any increaee of pressure. 



How, then, are we to conceive the physical 
state of a liquid, and what is the natui*e of the 
motion of its molecules ? They are no longer 
moving in free paths, long or short ; the force 
of molecular attraction has been asserted, and 
the molecules are probably moving in compli- 
cated orbits round each other at a speed which, 
though very great, is less than the speed at 
which they formerly moved when enjoying the 
complete mutual independence possessed by the 
molecules of a gas. Well indeed it would bo 
if we could now explain the exact nature of this 
force which we call molecular attraction. 
Ultimatelj^, no doubt, it will be shown to be an 
electrical phenomenon, but that time is not yet. 

The Process of Freezing. Next we 
must consider what happens when the liquid 
water becomes solid. Precisely the same change 
tjf conditions as turned the water vapour into 
liquid water will, if made more markt^d, yield 
us ice in its place. The essential difference 
between the solid and the liquid states 
is that the solid is possessed of less molecular 
motion than the liquid, so that the forces of 
molecular attraction are enabled still further to 
assert themselves. Let us turn to the illustra- 
tion from astronomy. What would hapinm at 
this moment if the kinetic energy of the earth 
in its orbit was reduced or completely removed ? 
In the first instance gradually, by a H(»rt of 
narrowing spiral, and in the second instance im- 
mediately, by motion in a straight line, it would 
fall into the sun. A process exactly parallel 
to this is what happens where, by abstracting 
heat from liquid w^ater — heat being none other 
than a form of kinetic energy — we reduce the 
kinetic energy of its molecules to such an cxhmt 
that molecular attraction asserts itself still 
further, and their orbital motion around one 
another ceases. The consequence will be that 
the molecules come closely together, so closely 
that they cohere, and if we move one end of 
the block of ice that is formed, the other end, 
in virtue of this cohesion, will move also. 

Molecular Motion of Solids. Now, 
are we to regard the motion of the mole- 
cules in the solid so formed as having ceased ? 
Most assuredly not. Though the kinetic energy 
of the molecules has been so much reduced 
that they can neither fly about independently 
of each other as in a gas, nor yet revolve in 
orbits round each other as in a liquid, yet 
some kinetic energy still remains to them. 
Much heat has been abstracted from the water, 
but by no means all. There are many colder 
things than ice, and all ice is not at tne '’ame 
temperature. Probably wo must regard the 
molecular motion of such a solid as ice as con- 
sisting of a to-and-fro or vibratory motion of 
pairs or groups of molecules. Pray observe the 
use of the word groups. For consider what is 
really the physical state of ice, which consists 
of crystals. These crystals must consist, in their 
turn, of regularly arranged groups of molecules, 
hannoniously vibrating with one another. 
The precise manner of their vibration will 
determine, we must suppose, the shape and size 


and other characters of tfie crystals of ice or any 
other substance. 

The Result of Solidification. It is 

soaroely necessary again to insist that, as in 
the previous case, the process of solidifioation is 
a gradual one — first one molecule and then 
another being so far deprived of its kinetic 
energy, as heat is abstracted from the moss, 
that it can no longer maintain its orbital 
motion. But suppose that the process has 
been completed and that the whole mass is now 
solid, and suppose that we continue the pro- 
cess of reducing the temperature, and thus 
remove still more energy of motion or kinetic 
energy from the molecules of the ice. The 
result will be that their vibrations or to-and-fro 
movements will Income less extensive, and the 
ice will shrink or contract. It is the general 
rule that when a body is heated it expands, 
and that when it is cooled it contracts. These 
facts can readily be explained on the theory of 
molecular motion : as heat, kinetic energy, 
motion, continues to be removed from the lee, 
it continues to shrink more and more, thus 
showing that its volume — the very space it 
occupies — is determined, partly at any rate, by 
the motion of its molecules. What will happen 
next ? 

The Coldest Cold. Now this is a 
fascinating and most important question. 
Suppo.se that we go on abstracting boat or 
molecular motion from any body, wo must 
ultimately reach a point when tlicre is no more 
heat or molecular motion m it — that is lo say, 
when its molecular motion has lH‘en absolutely 
abolished. Such a body, and such a body only, 
would be absolutely cold, being d(‘Htitute of all 
heat or molecular motion. Jiut the study of 
this great (juestion must he deferred for th(' 
present, until w'c have miuJ(^ a further study of 
the facts of heat. For the present it w ill scTve, 
perhaps, to keep alive the reader’s interest in 
this subject if we say that the absolute zero of 
tem})erature has never yet b(*(n reached by 
anyone, and that it seems more than probable 
that the attempt to reduce any substancic, 
even frozen hydrogen, to this ultimate depth 
of cold, must for ever fail. As to the asp(‘ets 
which matter would present if deprived of all 
its molecular motion no one will dare positively 
to say ; but of this more anon. 

Molecular Forces in Detail. Perhaps 
the reader may be apt to think that mole- 
cular forces, because they arc displayed in 
exceedingly small bodies, can have no very great 
magnitude. But that would be a very great 
mistake. I>et him consider, for instance, the 
strain to which sU^el is exposed in many of its 
industrial applications ; let him consider the 
number of tons which a steel wire will support — 
et what is it but molecular attraction that 
eeps together the molecides of steel, even 
though such a tremendous strain is put upon 
them, endeavouring to pull them apart ? We 
must clearly understand that though molecular 
forces act only at very minute distances, yet 
within those distances their power is gigantic. 
Gravitation, which we so constantly think of as 
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tremendously powerful, is almost a negligible 
quantity when it is pitted against molecular 
attraction. When a g^eat weight is supported 
by a steel wire it is evident that, if we consider 
any level in that wire, the molecular forcea of that 
level are sufficient to more than counteract the 
weight — that is to say, the expression of gravita- 
tion — of all the mass of wire below that level and 
of the body that hangs at the end of it. We have 
chosen solids for our illustrations because it is 
in them that the molecular forces are so power- 
ful, but they are very far from being negligible 
in many liquids. 

Surface Tenaion. Every reader is 
familiar with the fact that a tumbler may he 
filled with water so full that the surface of the 
water is visibly higher than the edge of the 
tumbler, yet the water does not run over ; 
though, if the finger l)c apjilied to the c*dge of 
the tumbler and the surface of the water be thus 
broken, some of it will run over the edge of the 
gloss at the point where the finger was applied. 
This fact is a familiar illustration of the result 
of molecular attraction as it exists at the surface 
of a liquid. The technical name for it is surface 
tension, and its power may be measured by 
measuring the force which can be applied in 
such a way as to cut the surface of a liquid, 
but which, in virtue of surface tension, fails to 
do so. A thoroughly well greased needle, very 
gently placed on a still surface of water, will 
Form a groove for itself, and lie on it without 
sinking. Now, how are we to explain this fact 
of surface tension ? Why does the surface of 
the liquid look as though it were covered with 
nn clastic skin made of the same stufT as itself ? 
The surface of the liquid is compo8t*d of a 
number of moleculc^s, and those have the 
mutual relations which wc have already de- 
scribed. Immediately above the free surface 
of the liquids, os in the case of the filled tumbler, 
there are innumerable molecules that constitute 
the various gases of the air. Now, if we con- 
sidej any molecule of the liquid, we see that it 
is attached by, and held to, the other molecules 
that are around and l)elow it, whereas, on the 
other hand, it is not at all attracted — or, at any 
rate, not in anything like the same degree — by 
the gaseous molecules that are above it. 

Formation of Drops. This fact of 
surface tension explains not only the curved 
surface of water in a full tumbler, but also. 


for instance, the fact that when water slowly 
falls it does so in drops. The formation of 
these drops and their curved external surface 
depend upon the fact that all the molecules of 
the liquid are, so to speak, bound to one another, 
whilst no force from outside tends to counter- 
balance their mutual attractions. Hence the 
surface of the liquid takes the shape which has 
the smallest possible area. Gravitation to some 
extent complicates the matter, so that often the 
drop is not completely spherical, but bulges a 
little at its lowest point. This familiar fact of 
surface tension has its uses, for upon it depends 
the process of making shot, which is accom- 
plished by allowing a quantity of molten lead 
to fall through a sieve from a height into water. 
Gravitation in this case is negligible, and as the 
drops of lead fall and cool they solidify in the 
spherical shape which is impost upon them by 
surface tension. 

Results of Surface Tension. The 

case of water whose free surface is in contact 
with air is a simple and familiar one, but 
the numl>er of different conditions in which 
surface tension may display itself is endless. 
Take, for instance, the surface formed by the 
contact of a liquid and a solid. If the solid be flat 
and perfectly free from grease, the various 
surface tensions are such as not to prevent many 
liquids from spreading themselves out upon 
it, or, as we say, wetting it ; but if we take such 
a liquid os mercury, the relations of surface 
tension lietween it emd the air and a flat surface 
on which a drop of it may be placed are such 
that the drop retains its form, and does not wet 
the surface. Similarly, water will not wet the 
surface if that be greasy. Briefly, we may note 
one or two other facts of surface tension — such 
as, for instance, that a rise of temperature 
diminishes this force, this being precisely what 
the reader would expect if he recalls what has 
been said as to the effects of temperature, or, 
rather, amount of heat, upon the movements and 
relations of molecules. Lastly, we may refer 
to soap bubbles — bubbles which consist of thin 
films of soap3^ water arranged in bubble form 
under the influence of surface tension — that is 
to say, the relation between the molecules of 
the water and the soap in the mixture, and their 
greater attraction for one another as com- 
pared with their attraction for the gaseous 
molecules within and without the film which 
•constitutes the soap bubble. 


Continued 
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industrips are smelting, shipbuilding, and the 
manufacture of cnrdnanoe, some works being on 
Walnoy Island, off the coast. Barrow is a busy 
port, and has steamer services to Irish Sea 
ports. 

The South Lancashire Fields. Lan- 
cashire is flat and sandy along the coast, but 
rises to over 2,t)00 ft. in the north and east. 
Except on the coalfield, which covers 400 sq. 
miles between the Kibble and the Mersey, 
it is pastoral in the uplands, and agricul- 
tural m the lowlands, raising potatoes and 
oats. Lancasif^r, the county tovm, is hampered 
as a port by the silting of the Lune estuary. 
Heysham and Fleetwood, on the shallow’ More- 
cam l)e Bay, are ports and packet stations. 
BIaekjK)ol and Southport, north and south of 
the Kibble estuary, are crowded seaside places. 
At the head of the Kibble estuary is Preston, 
with imjKjrtant docks, engineering works, and 
cotton mills. Its frequent horse and cattle sales 
indicate its jK)sition on the margin of the 
agricultural region. Crowded on the coalfield to 
the south, and engaged in manufacturing cotton 
or iron (machinery, railway plant, etc.), or both, 
»jro Clitheroe, Burnley, BUvekbum, Bury, Bolton, 
St, Helens, Oldham, Warrington, and Man- 
chestfjr, with Stockport and Staleybridge over 
the Cheshire border. Manchester, the industrial 
capital of Northern England, is less a manu- 
facturing centre than a market. Its rival is 
Liverpool, with Birkenhead, near the mouth of 
the Mersey estuary, the focus of transatlantic 
trade and passenger traffic. Both the Liverpool 
and Birkenhead sides of the estuary are lined 
with docks and warehouses, which receive not 
only cotton, but grain, toboiioo, leather, live and 
dead meat, and whatever the Atlantic coasts 
of the New World have to send, in addition to 
produce from other parts of the world. 

The Cheahire Plain and North Staf- 
fordshire Coalfield. The Cheshire plain, 
an extension of the Central English plain, 
oiKms a way between the Pennines and the 
Welsh mountains. Except on their margin, it 
is an undulating meadow region, noted for cattle 
and dairy produce, including Cheshire cheese. 
Cool crops out in the east on the Peak margin, 
where silk and cotton are manufactured round 
Mocjolesfield. Rook salt is w'orked round North - 
wich, Nantwich, and elsewhere. C>oal becomes 
more abundant in North Staffordshire, where it 
supplies the pottery towns, Burslem, Hanley, 
Stoke-on-Trent, etc., all making earthenware 
and china. 

Northumberland-Durham Coalfield. 

Both Northumberland and Durham are ru^ed 
an the wrest, where Cheviot sheep and Durham 
eattle are bred. In the valleys opening to the 
lowlands barley, wheat, beans, turnips, and 
potatoes are grown in the rich clayey loam. 
Fisliing towns and ports for coasting traffic 
dot the coast The chief river is the Tyne, 
with two head streams, Nmrth Tyne from 
the Cheviots, and South Tyne, wnich has 
nut a valley across the Pennines, foUowred 
by the line from Newcastle to Carlisle, At its 
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estuary are the Tyne ports, Newcastle, Tyne- 
mouth, Jarrow, a^ South Shidds, the outlet 
for the manufactures of the rich coalfield. 
These include iron in ail branches, hemp and 
wire rope, glass, chemicals and pottery. Mucli 
coal is exported. Newcastle, wdth Gateshead on 
the opposite bank, is engaged in all tliese in- 
dustries. At Elswick, a suburb, are the Armstrong 
ordnance works, where the most powerful guns 
are made. Sunderland and the Tyne ports, 
Stockton and Middlesbrough, are similarly 
engaged in working up the iron which abounds 
in the Cleveland Hills of North Yorkshire. 
The combination of cheap coal and iron is 
rapidly attracting shipbuilding away from the 
Thames, where freight makes both costly, and 
concentrating the industry on the Tvne and 
Tees. Darlington manufactures woollens and 
carpets, as well as iron and steel. In striking 
contrast to these smoky industrial towms is 
Durham, on a height above the Wear, with a 
glorious cathedral, and old-world streets and 
houses. 

The YorK, Derby, and Nottinifham 
Coalfield. The eastern slopes of the 
Pennines are drained by a series of parallel 
rivers. Swale, l^re, Nidd, Wharfe, Aire, and 
Calder, whose valleys gradually widen from 
narrow dales of wild beauty to broad and 
fertile lowlands. In these valleys, as in the 
Tweed basin, where the conditions are similar, 
the woollen manufacture has long been impor- 
tant. Tile wool was supplied by the hill 
pastures above, and the river was there to turn 
the mills. Now, especially in the Aire and 
Calder valleys, water power is replaced by 
steam. The Yorkshire coalfield, between the 
Aire and the Don, covers an area of 45 miles 
by 20. The chief woollen towns are Keighley, 
lieeds, Bradford, Huddersfield, Halifax, and 
Dewsbury. Linens are made at Leeds and 
Barnsley. Cutlery, electro-plate and hardware 
are made at Sheffield and Rotherham, near the 
borders of Derby and Nottingham. In these 
counties, both rich in coal, the Pennine land- 
scape graduallv gives place to that of the plain. 
On the Derbvsiiire field collieries disfigure many 
a lovely valley. Silk is manufactured round 
Chesterfield, and in Derby, where brewing is 
also important. On the Nottingham field the 
manufactures are lace and hosiery, both carried 
on at Nottingham, on a tributary of the Trent 

The Vale of York. The rivers named 
above unite to form the Ouse, the main 
stream of which flows across the rich Vale 
of York parallel to the base of the Pennines. 
From the east comes the Derwent, flowing 
between the Yorkshire Moors, rich in iron, and 
the Yorkshire Wolds. The Vale is very fertile, 
and both agriculture and dairy farming are 
impOTtant. It is dotted with prosperous 
market towns. York, on the Ouse, with 
remains of the Roman city and a magnifloent 
cathedral, is the focus of the district, and the 
seat of an archbishopric. In the ragged east, 
the towns are found al(»m ^e coast, which, 
as far as Flamborou^ Head, is high and 
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picturesque, and dotted with seaside resorts, 
of which Whitby and Scarborough are the most 
popular. South of Flamborough Head the low 
district of Holdemess grows fine crops of wheat, 
beans, and hay, while barley and turnips do 
better on the higher Wolds. On the Humber, 
the broad estuary of the Yorkshire Ouse and 
the Trent are Goole and Hull, both busy fishing 
and trading ports and shipbuilding centres. 
Hull, besides an enormous trade by sea with 
the chief ports of Western Europe, carries on 
a large number of flourishing industries. The 
proximity of the Dogger banks makes the 
fisheries important all along the coast. 

The English Plain. We now pass from 
the uplands to the lowlands of England. In 
the north they are cloven by the Pennines into the 
Lancashire and Cheshire plain in the west, and 
the plain of Yorkshire on the oast. South of 
the Pennines they extend from the base of the 
western mountains to the North Sea, broken 
by occasional lines of heights. Here the 
population is concentrated, densely on the 
coalfields, more sparsely in the agricultural 
districts. The plain, outside the coalfields, 
is dotted with numerous towns, many very 
ancient, sometimes with manufactures of some 
importance, but always the focus of the traffic, 
trade, and political life of the surrounding 
district. Before the days of railway's many, 
like Birmingham, Coventry and Norwich, had 
a very intense local life, and a highly intellectual 
society. Now Ix)ndon attracts the best ele- 
ments, and provincial life is correspondingly 
impoverished. 

The Lincolnshire Fenlands. Lincoln- 
shire occupies the angle between the 
HumV)er and the Wash. Much of it is a low 
plain, largely composed of fenland. Many 
canals and dykes have been cut to drain it, and 
along the sea it is often embanked to keep the 
sea out. In the centre the chalk, which covers 
much of southern England, crops out in the 
Lincolnshire Wolds, rounded hills with sheep 
pastures, and further west in the ridge of 
Lincoln Edge. Famous breeds of horses and 
cattle are kept in the rich, moist, low-lying 
meadows. Com is largely grown. 

Some Typical Towns. Lincoln, the 
county town, an ancient city with a fine 
cathedral, is built on a height, where the Witham 
cuts through the Lincoln Edge and becomes 
navigable. Its industries illustrate the relation 
of such a town to the district around. Its iron- 
works and manufactures of farming implements 
and machinery show how the needs of a farming 
country create local industries to supply them. 
Its steam flour mills and breweries show how 
agricultural produce is locally worked up. In 
spring, a horse and cattle fair lasts several days, 
and there are frequent corn, wool, and stock 
markets. This illustrates the distributing centre. 

The Poes Dyke, from the Witham, near Lin- 
coln, to the Trent, connects the counties of the 
Trent basin with Boston, on the Wash, at the 
mouth of the Witham, a fishing port, exporting 
grain, and - manufacturing sailcloth, leather. 


and ropes. Such industries, as well as boat- 
building, are found in almost every coast town. 
Fishing is important all along the coast. The 
chief market is Qrimsby, near the mouth of 
the Humber, from which fish trains run to the 
inland towns. Grimsby trades chiefly with the 
North Sea and Baltic ports, Bi^sidos fish, it 
exports, among other things, cotton and rubber. 
These have been brought originally from 
African or American ports to Liverpool, worked 
up on the Lancashire coalfield, forwarded by 
the lines which cross the Pennines, and finally 
shipped from this East Coast port to the opposite 
shores of Eurojx’*. Of the imports, note butter, 
from the meadows of Dtmmark and Holland, 
and timber, from Scandinavia and the Baltic. 
The trade of Grimsby is thus an instructive 
commentary on its geographical position. 
The reader should similarly endeavour to think 
out for himself the actual or possible relations; 
of his o\^Ti district to the larger world w'itliout. 
A sub-port of Grimsby, collecting its exports 
and distributing its imports, is Gainsborough, 
on the Trent, an inland town on the map, 
but really built where the river is still tidal. 
Here Baltic timber is stored in timlxir -yards, 
or sawn in saw-mills, while other commodities 
are shifted from steamer to barge, or vice vorsA, 
for the Tnmt is one of the groat arteries of 
eastern Englaml. It rises in the western 
Pennines, and flows round their base, receiving 
many tributaries, of which tiioso from the Peak | 
come down in lovely parallel dales and valleys. 
It is navigable as far as Burton, the famous 
browing town, in the very heart of England, 
which is thus, by means of the Trent and the 
canals connected with it, brought into direct 
communication with the st^a. 

The Midlands. Under this term we miy 
include the shires of Northampton, Rutland, 
Huntingdon, Bedford and ( Cambridge — drained 
to the Wash — Leioe.stt^r and Statlord in the 
Trent basin, and Warwick in the Severn basin, 
the two latter containing the Midland coalfield. 
Ilie east is the richest agricultural district of 
England. Of the rest much is in grass, forming 
ideal hunting country, hunted by many famous 
packs. It is separated from the Thames basin 
by the Cotswold and Chiltem Hills, with lower 
heights between. In the east the Welland, flow- 
ing past Stamford, the Nen, past the cathedral 
city of Peterborough, and the Great Ouse, past 
Bedford, St. Ives, and the cathedral town of 
Ely, all rising at no great elevation, flow 
sluggishly to the Wash. Much of their basins 
consists of marsh and fen land, reclaimed at 
great expense by cutting innumerable canals 
and trenches, or dykes, and forming a rich, 
black mould of great fertility. The so-called 
Isle of Ely, consisting of somewhat higher ground, 
was anciently entirely cut off by marshes, 
whence its name. It is 90W the centre of a 
fruit and vegetable growing district, with jam 
factories. Cambridge, on a tributary of the 
Ouse, is a university city with fine mediaeval 
architecture. The torn of the Ouse contains 
some of the finest agricultural land in England, 
and wheat and other cereals are largely grown. 
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AsBociatod industries are straw-plaiting, round 
Dunstable, in ^Bedfordshire, and brewing, which 
is very widely distributed. Dairy fanning is 
almost as important. Stilton cheese is made 
near Melton Mowbray, in Leicestershire, and 
other associated industries are the fattening of 
cattle for the London market, and the boot and 
shoe industiy of Northampton, Leicester, and 
Kettering. The very fine, long, staple wool of 
the I^^icester sheep makes hosiery an important 
manufacture at Leicester. Outside the coal 
area, Warwickshire pre- 
sents the same cha- 
racter. llie county town 
is Warwick, with a 
famous castle on the 
Avon, near Leamington, 
with mineral springs, 
the ruined castle of 
Kenilworth, and Strat- 
ford, the birthplace of 
our national poet. As 
Shakespean^’s (country, 
it attracts many tour- 
ists. The cycle trade is 
important at ('oven try. 

All these counties, with 
their park - like land- 
scape, golden w heat - 
fields, rich meailows, 
and oncitmt, somewhat sl(H*py towns, seem little 
changed by the coming of steam, and recall an 
England wiiich has elsewhere largely disappeared. 

The Midland Coalfield. Very dif- 
ferent is tlu! scene on tlie coalfields of North 
Warwickshire and South StafTordshire. Vege- 
tation is blasted, and a pall of smoke overhangs 
squalid towns of mean houses, little redeemed 
by the fine administrative buildings and the 
luxurious villas of the west end — the fashion- 
able, because, with our prevailing west winds, 
the least smoky quarter. Though knowm under 
differtmt names, the various collieries all form 
part of one extensive field. Iron is everywhere 
abundant, and so is the limestone required as a 
flux. I ron smelting and the iron manufacture in all 
its countless forms are carried on in a ring of iron 
towns rapidly growing into one unsightly whole 
— Birmingham, West Bromwich, Wednesbury, 
Walsall, Wolverhampton, Bilston, Tipton, and 
others — forming what is fitly called the Black 
Country. 

Anglia. East of the Midlands are 
the maritime counties of Norfolk and Suffolk, 
once part of East Anglia, with which we may 
include Essex outside the metropolitan area. 
All are, for the most part, flat, especially beside 
the sea, which encroaches on the land. Round 
the shallow Wash thousands of acres have been 
reclaimed. Beyond the Fen district, on the 
east coast of Norfolk, are the Broads, a region of 
shallow lakes and reedy marshes, teeming with 
wildfowl. Many rivers, rising in low heights to 
the west, flow east, opening to an estuary, with 
a port at the head, or mouth. Such are, among 
others, the Yare, with Yarmouth ; the Orwell, 
with Ipswich ; the Stour, with Harwich, the 
)iaoket station for the Rhine and Elbe ports ; 
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the Ck>lne, with CJolchester. Similar in typo, 
but called to a greater destiny, is the Thames^ 
with London. The whole region is engaged in 
(1) agriculture, growing cereals and other crops, 
especially a fine malting barley ; (2) grazing 
famous breeds of horses ; (3) fishing, with its 
accompanying industries; and (4) the tourist 
industry, which is important all round the 
coast. The centres of the herring fishery are 
Yarmouth and the artificial port of Lowe- 
stoft. Of inland towns, note the cathedral 
city of Norwich, on a 
tributary of the Yare ; 
and Chelmsford, on the 
(^elmer. 

The Thames 
Basin. The Cotswdd 
Hills, with lower heights 
to the north-east, sepa- 
rate the Thames from 
the Severn basin. They 
rise steeply from the 
western plain, exjxising 
their bare limestone 
ribs, topped by short, 
dry pastures on which 
sheep are kept, and 
slope gradualte to the 
south-west. The main 
stream of the Thames 
rises near Cheltenham, and receives the Cots- 
W'old streams, Windrush and Evenlode, from 
hilly pastoral districts, with small towns engaged 
in manufacturing the w'ool and skins they pro- 
duce. Thus gloves are made at Woodstock, 
and blankets at Witney on the Windrush. 
Oxford is built where the Cherwell comes in, 
having risen in the Northamptonshire heights, 
and fiowed almost due south. It is a famous 
university city of great antiquity and beauty. 
Beyond its confluence with the Tl)ame, a few^ 
miles below Oxford, the Thames cuts through 
the chalk, separating the Chiltem Hills on the 
nort h-east from the Marlborough, or White Horse 
Downs, on the west. At Reading it receives 
the Kennet, which flows in a valley between the 
chalk heights of Wiltshire and Berkshire. After 
passing near Windsor, with its famous Royal 
castle, the Thames receives tributaries from the 
Chiltems to the north. Plowing northwards, 
across the North Downs to the south, come the 
Wey, Mole, and Medway, forming gaps through 
these heights, which are used by the railways to 
the south coasts. In the picturesque lower 
reaches, Hampton Court, Twdekenham, and 
Kew' are names familiar to Londoners. The 
houses grow' more numerous, and the river 
widens, until at London Bridge it is nearly 800 
feet wide. 

London. London, like Oxford, or Ely, was 
built originally among defensive marshes, on 
higher, firmer ground, and like Glasgow, at the 
lowest point at which the river could be bridged. 

A little above it grew up the city of Westminster, 
round a much used ford. Tlie two are now 
continuous, but have separate administrative 
bodies. To describe London would require 
many pages. Its claims to rank as a beautiful 
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city are baaed on (I) St. PauFs, in the City of 
London, rising above the Thames, not far from 
the Tower, an ancient fortress and former Royal 
residence ; (2) the group of buildings fronting 
the river at Westminster, including the ancient 
Abbey and the Houses of Parliament, to which 
will soon be added the palatial home of the 
County Council on the opposite bank ; (3) a few 
fine streets opening west from Trafalgar ^^uare, 
considered one of the finest sites in Europe ; 
(4) the group of Royal parks in the fashionable 
west end. Beyond lies a wilderness of mean 
streets, extending miles in all directions. Beyond 
these again, on north, west, and south, are 
pleasant suburbs. London is one of the great 
ports and markets of the world, and one of its 
chief financial centres. It is also the centime of 
national and imperial government, and the heart 
of our world-wide empire. 

The Thames Estuary. In central 
London, the banks of the river are embanked 
and planted with trees, forming fileasant pro- 
menades. East of these come wharves, w^are- 
houses, docks, and the factories engaged in the 
many industries of a great seaport. Woolwich, 
on the right bank of the estuary, where the river 
is nearly twice as broad as at London Bridge, 
has an immense arsenal. Gravesend is a busy 
river port. Queenborough, on Sheppey, once an 
islancT, is a packet station for the Rhine ports. 
Shoeburynesa, on the opposite bank, is a 
station for artillery practice. Sheemess, on 
Sheppey, strongly fortified, has barracks, dock- 
yards, and arsenals. Chatham, at the mouth 
of the Modw^ay, forming with the cathedral 
city of Rochester a single tow'n, is the 
naval arsenal. There are many cement 
and brick 


is the ecclesiastical capital of England and seat 
of the chief archbiBhopric. On the coast are the 
ports of Deal, Dover, and Folkestone, the two 
fatter Channel packet stations. Surrey, drained 
to the Thames by the Wey and Mole, which have 
cut gaps across the North Downs, has fine pine- 
wood scenery. Sussex is drained to the Channel 
by short rivers cutting through the South Downs. 
Towns are numerous, especially on the coast. 
Notice Hastings, Eastbourne, the packet station 
of Newhaven, Brighton, and Worthing. Chi- 
chester. a cathedral city, is connecUd with tin* 
coast by a short canal. Hampshire, also a chalk 
county, is drained to the Channel by rivers 11 ow- 
ing south from the Downs in the north. Note 
the indented coast, giving many good and two 
magnificent harlxmrs. Portsmouth Harbour lias 
an entrance 1 J miles wide, and is our chief naval 
base in the Channel. It is very strongly fortified. 
Portsmouth is the garrison town, Portsca the 
naval dockyard, Land|X)rt the artisan quarter, 
and Southsea a watering-jilace. On the opposite 
side of the hnrlKuir is Gosport. Portsmouth 
commands the entranee to Spithead, which, w ith 
the Solent, separates the mainland from the 
garden Islo of Wight, with the inland capital of 
Newport, and many summer resorts round the 
coast, including the yachting centre of Cowes. 
Both these straits open to Southam])ton Watei'. 
the Itchin estuary, with the great port of 
Southampton at it.s head. This is the ])aeket 
station for most of our colonies and for the ports 
of the Indian, Pacific, and South Atlantic Oi'cans. 
The largest liners afloat can enter and leave at 
all states of the tide. Bournemouth, with fiine 
woods, is a winter resort. Inland tin* chief town 
is Winches U t, on the Itchin, with an ancient 

cathedral. It 


works in the 
nei ghbour- 
hood. Further 
east are nu- 
merous seaside 
resorts, Whit- 
stable, with 
oyster fisher- 
ies, Herne 
Bay, Margate, 
and Rams- 
gate. Beyond 
Ramsgate, the 
chalk cliffs 
c o n t i n u e 
interm i t - 
tently round 
the south 
coast as far as 
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The dotted area along the coaat denotes the foreshore, which is unoovere<l 
at low water 


was originally 
the (’apital of 
England. 

Dorset 
and Wilt- 
shire. Dorset 
and Wiltshire 
form t h 
south -wesb'rn 
extremity of 
the chalk 
heights which 
cross the Eng- 
lish lowlands. 
Tlic rivers flow 
south, cutting 
gaps through 
the chalk 
heights. At 


Lyme Rms, <mi the bender of Dorset and Devon. 

The Channel Counties. Nearly all the 
towrns just named axe in Kent, often called the 
Garden of ^gland. The Weald, formerly 
covered with forests between the North and Soutn 
Downs, is very fertile. Cereals, fruit, and hops are 
grown. On tne North Downs fine sheep are bred. 
Towns arenumerous, both inland andpn the coast. 
Maidstone, on the Medway, in the centre of the 
hop dtotri^ has important breweries. Canter- 
bmy, on ihe Stonr, with a magnificent cathedral. 


most of these, town.-i are built, some, like the 
cathedral city of Salisbury, of great antiquity. 
These heights are known under many names, 
as, for example, Salisbury Plain, a moorland 
district on which is Stonehenge, an ancient 
stone circle. Grazing and dairy farming arc 
important in the valleys, both Dorset and 
Wiltshire butter and bacon being famous. The 
sheep fed on the hill pastures supply wool for 
the woollen manufactures of Trowbridge, Brad- 
ford, and other towns, carried on with coal from 
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the BriHtol coalfields. Fifth ing and fteaeide towns 
line the coast, the most fashionable being Wey- 
mouth. 

The West Country. Somerset ift a tran- 
ftition county, resembling the Severn basin in the 
north, and in the Exmoor dUtrict passing into the 
scenery of Devon and Cornwall. It i» a hilly 
county, with valeft opening to the «ea, the most 
fertile being the Vale of Taunton, famous for 
hops, fruit, and fine wheat. Bath is built on 
the gorge of the Avon, where excellent stone is 
quarried. Bristol, at the head of the Avon 
(5stuary, has long betm a famous port. Early in 
our history it exported the wool of the sur- 
rounding sheep-farming counties, and supplied 
much of (Catholic Europe with fish. The dis- 
covery of America increased its importance, and 
it now trades with every part of the world, 
csfx^’ially across tlic Atlantic. Among its many 
manufactures are tobacco, cacao, sugar refining, 
all defK'nding on its 
imfwrts. Shipbuilding, 
engineering works, 
chemical works, end 
soap and gloss miking 
are among its other 
industries. 

Devon and Corn- 

wal I . Devon and ( ’om - 
wall art^ maritime coun- 
ties. Much of th(^ in- 
terior is high, bleak 
moi)rland, forming the 
highlands of Dartmoor 
(1,7()0 ft.), with hardy 
IjrotHls of ponies, sheep, 
and cattle ; ExnuH)r, 
where deer are still semi- 
wild ; and Bodmin Moor. 

Round tlu'se (’cntn^s 
woollen towns It^nd to 
grow up, »is at Axmin- 
stor, in South Devon, 
where carptits are made. 

Honiton, not far off, 
makes lace. In the sUxq)- 
sided valleys opening 
from the highlands the red earth is very 
fertile. Dairy farms and orchards supply 
Devonshire cream and Devonshire cider. The 
rivers enter the sea by picturesque winding 
estuaries, each with its fishing town. Notice 
Barnstaple in North Devon, and in South 
Devon. Axmouth, Sidmouth, Exmouth on the 
Exe, with the cathedral city of Exeter, the 
capita) of the West Country, higher up the river ; 
Teignmouth, Dartmouth, ana especially Ply- 
mouth, built where Tamar estuary forms 
Plymouth Sound. With Stonehouse and Devon- 
port, Plymouth ranks next to Portsmouth as a 
naval station, and rivals Southampton in its 
world-wide communications. It is strongly forti- 
fied, Other coast towns are Torquay, a winter 
resort on Tor Bay, opposite Brixham, the centre 
of the trawl fishery. Cornwall prospers mainly bv 
its fisheries, including pilchard and mackerel, 
and its tourist traffic, llie tin and cop^r mines 
famous in antiquity are now little wo^ed, and 
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many miners emigrace. The towns are chieflv 
on the coast. Falmouth Harbour, with Fal- 
mouth at the mouth, and Truro at the head, 
recalls Pl 3 rmouth Sound. Penzance and St. 
Ives lie in the extreme south-west, and are 
centres of pilchard fishing. The Scilly Isles, 
150 in number, but few inhabited, engage in 
fishing and in Rowing early vegetables and fruit. 
The Severn Basin. The Severn rises 
in a small lake on Plynlimmon, in the heart 
of the Welsh Highlands, whose sheep pastures 
feed the woollen towns Newtown and Welsh- 
pool. Shrewsbury, commanding the route across 
Cheshire into North Wales, had one of the many 
castles built along the Welsh Border, or March, 
of which Ludlow, Monmouth, and Chepstow may 
also be mentioned. The Severn flows through a 
picturesque district, between the Shropshire and 
Stafford heights, where coal and iron are worked in 
C^oalbrookdale, and some wool is manufactured, 
os at Kidderminster, and 
then enters a broad vale 
l)etween the Malvern H ills 
and the Forest of Dean 
on the w est, and the 8tc*ep 
Cotswolds on the east. 
On the right bank pic- 
turesque tributaries de- 
scend from the Welsh 
Highlands. Tlie Tcme 
flows past Ludlow, and 
enters the Severn not far 
below the cathedral city 
of Worcester, witn 
famous porcelain works. 
The Wye, from Plyn- 
limmon, rivalling the 
Rhine in beauty, flows 
by the cathedral city of 
liereford, in a hop and 
orchard country, Mon- 
mouth, Tintem, and 
Chepstow to the estuary, 
which the Usk, with 
New port as its port, also 
enters. On the left bank 
sluggish streams cross 
the central plains from low heights which separate 
the Severn basin from those of the Trent and the 
Wash rivers. ‘The Avon, the largest, flows by 
Warwick and Evesham, in a rich orchard country, 
to the Severn at Tewkesbury. Wool is manu- 
factured in Stroud and other Cotawold towns, with 
coal from the Forest of Dean, which also supplies 
Worcester. Cheltenham has mineral springs and 
famous schools. Gloucester, at the head of 
tidal navigation, with a fine cathedral, is a port. 
The Severn Bridge, nearly a mile long, crosses 
the estuary at Sharpness, and further south a 
tunnel, 4 ^ miles long, carries the lines for Wales 
below the bod of the river. 

WALES 

Much of Wales consists of mountains over 
2,000 ft. high, with the longer slope and longer 
rivers to the east, and the short slope 
shorter rivers to the west North Wales is 
higher, bleaker, more picturesque, and more 
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The elevation of tlie land ia sliown by the tinte. The 
darker the tint, the greater the elevation. Tlie solid 
hlaek shows Die land over 3,000 feet 
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thinly peopled than S4outh Walea, where the 
lowlands are more extensive, and coal and iron 
are abundant. 

North Wales. North Wales consists of the 
counties of Anglese\% Carnarvon, Denbigh, 
Flint, Merioneth, and Montgomery, nearly all 
rugged. In the north-west Snowdon rises to 
over 3,500 ft., with magnificent precipice, lake 
and valley scenery. The Con wav valley, with 
Conway, and the fertile Vale of Clwyd, with 
Rhyl, open to the northern lowland. Between 
the two is Llandudno, crowded with visitors in 
summer. The lowland is broadest in the island 
of Anglesey, separated from the mainland by 
Menai Strait crossed by a tubular bridge, with 
Bangor and Beaumaris on opposite sides of 
the strait. Holyhead, on Holy Island, west of 
Anglesey, is the mail -packet station for Ireland. 

The Dee Valley. An important break in 
the mountains of North Wales is made by the 
Dee, which rises among mountains just under 
3,000 ft., not far from Bala Lake, the largest 
in Wales. It opens to the Flint lowland, with 
the collieries of Ruabon and Wrexham, and 
leads to the English Border at Chester, not far 
from the head of the estuary, which commands 
the route to the English plain, and has been 
important since Roman times. Its ancient 
streets, with their covered arcadi^s, and its 
mediaeval walla and towers, preserve for us a 
typical Old English city. 

The West Coast. Here wo find the 
familiar occupations of fishing and the summer 
tourist industry carried on by AlaTystwith, 
and many other towns, each at the mouth of a 
picturesque valley opening to the sea. The 


same type continues along the South Wales 
coast. Summer brings prosperity, the winter 
usually privation, and much loss of life in the 
south-westerly gales. 

South Wales. South Wales con.sists of 
(^ardigan, Pembroke, Carmarthen, Glamorgan, 
Brecfaiock, and Radnor. The highest parts are 
in Cardigan, where Plynlimmon separates the 
Severn and Wye from the rivers flowing east 
and south, and in Radnor and Brecknock, where 
the mountains rise to over 2,000 ft. On the 
west coast ore Cardigan, at the mouth of the 
Teifi valley, and Fishguard, which trades with 
the opposite coast of Ireland, and will soon 
become an important packet station. 

A broad lowland fringes the south coast, tree- 
less in the west, where it fronts the Atlantic 
gales, but rich and fertile in the Vale of Gla- 
morgan. Tlie coast is den^ply cut into bays, the 
finest harl)our being Milford Havt*n, on which 
is Pembroke, with dof5kyartls, and New Milford, 
W'hence the South Irish mail steamers start 
at present. Long, parallel valleys d(»scend t-o 
the coast of the Bristol Channel ; the Tawe, 
with Swansea; the Neath, with Neath; the 
Taff, with Cardiff, and others. In the west 
sheep-farming is the chief occupation, but in 
Glamorgan the valleys are alive with colliery 
and furnace. The South Wales coal is s|KHMally 
good for smelting and for steam coal, and 
immense (piantities are exported, much for 
naval j>urpoKcs, from Llanelly, Swansc'a. Cardifl, 
Barry, and smaller ports. Iron is aluiiuJant, 
but of poor quality, and llie great ironworks of 
Merthyr Tydvil, and the coppi'r works of 
Swansea, are largely ft‘d by im]>ortcd ore brought 
to the ports at the valley mouths. 


Continued 
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BRICKMAKING 

Clays and Clay Deposits. Iron and Brick Colours. Brick- 
making^ by Hand and Machine. Fire Clay and Fire Bricks 


By CLAYTON BEADLE and HENRY P. STEVENS 


THE origin of the art of brickmaking datea 
* back to remote agea, and is, indeed, one of 
the very oldest of the crafts. Any plistic earth 
which can U? mouldi^d and sun-dried or baked 
may bc^ made into a brick. In all prob ibility the 
first bricks made w'ore only sun dried, all hough 
among the earliest rums of Egypt and Chald.ea 
may found not only th(‘ sun-dried but also 
the properly burnt bricks. Herodotus t/clls us 
that th<^ walls Babylon were built of bricks 
made from clay dug from the trenches, and 
in Mesojiotamia there are enormous mounds, all 
that remains of brick-built cities. If these 
bricks Iki examined it will lie found that the 
ouU*r layers are usually burnt bricks, while 
those on the inner side* of th<‘ walls, where they 
would not l>e subject to the ai^tion of water, 
were made of sun-dried bricks. Many of thi'se 
bricks were coveri'd with stucco to protect 
them. Of course, sun-dried brii'ks were much 
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more easily d<«troyod than those properly is scarcely noticeable, will broa 
baked — indeed, we may read in ancient history bed. The Reading brick clay a 
that towns have been captured by invading lacustrine deposit. The marine c 
armies who diverted a stream to run around for their great depths and ui 
the walls, which, being made of sun-dried about by the uniform and reguli 
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bricks, were soon washed aw*ay. Although in 
Egj'pt most of the temples were built of granite 
oi similar rocks, bricks were very much used 
for many of the buildings, and there still stand 
bnck Pyramids, such as that of Sakkarah. 
The Biblical stories of the Children of Israel 
forced to make bricks are well known to all. 
These bricks seem to have been sun-dried 
bricks, and were moulded from material made 
by throwing cut straw, mud, and water into a 
pit and treading until sufficiently w'cll “ pugged.” 

Another example of the use of a mixture of 
burnt and unburnt bricks is to be found in the 
(»reat Wall of China, and in Spain the sun-dried 
brick is often used at the present day. The 
Romans were probably the first to bum bricks 
in kilns, and the art seems to have been lost, at 
any rate in this country, as no trace of brick 
buildings is to Ix' found betw(‘cn the time of the 
occupation of the Romans and the thirteenth 
century. 

BricKmaKing Clays. The clays or brick 
earths vary in nature according as they 
hav(‘ been deposited by rivers, lakes, or seas. 

Where dejiositod by 

rivers or lakes (//«?’{« - 

file or Uicmtrine), they 
I — form only small de- 

4^ posits, varying very 

much in character 

in different localities. 

f I Take, for 

I I ^V\ instance, 

fcr ^ X / ‘brick- 

li-- H " ’ ~ any part 

M . ofSurrey 

j Kent. 

/ / Two samples from a 

bed will very seldom 
/ analyse alike ; the 

/ / composition wull vary 

every inch, and so 

X / \ shape of the beds, 

j One deposit may be 

J only a few feet deep 

, / and, if followed for 

jmm a short dis- 

\ tance, will 
^ •. tail off and 

disappear ; 

fRRY: LONGITUDINAL SBCTION while an- 

other, which 

is scarcely noticeable, will broaden out into a deep 
bed. The Reading brick clay area is an example of 
lacustrine deposit. The marine deposits are notable 
for their mat depths and uniiormity^ brought 
about by the uniform and regular action of the sea. 
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The big clay deposit in the Mid- 
lands known as the Oxford clay, 
and so much used for bricks in 
^ neighbourhood of Peterborough, 
is a marine deposit. Analyses of the 
clay, taken at varying depths, all 
show much the same figures, and 
the extension of this deposit, whic'h 
crops up again in France, scarcely 
varies from that dug in England. 

It will be readily understood that 
the marine clays are treated for 
brickmaking on quite different lines 
from the ^uth of England clays, 
which are of fluviatile or lacustrine 
origin — i.e., deposited by the agency 
of rivers or lakes. In the former case, 
powerful plant and big machinery 
are employed. The clay varies so 
little that it may be taken out for 
brickmaking with the certainty that, 
once having secured the right con- 
ditions, it will always give the same 
excellent results. On the other hand, 
in the South of England small hand 
machinery is better adapted to work 
the deposits, which have to be dug 
and carefully mixed, so as to get 
the desirable consistency. 

Classification of Claya. Clays 
can be roughly classified into plastic, 
or strong clays, loams, or mild cla}^, 
and maries, or calcareous clays. 

In the first class, among the 
plastic, or strong clays, we may put. 
the purer clays, although the purest of them 
all, kaolin, or china clay, is never so plastic 
as some of the others. The Oxford clay 
belongs to this type. It has, however, some 
disadvantages, as it contains much sulphur, in 
the form of iron pyrites. 

In the course of burning the bricks, sulphur- 
ous fumes are given off in large quantity, and 
tend to bring about the formation of sulphuric 
acid. This has a tendency to weather out of the 
brick, causing the latter to go to pieces. The 
corrosive action of the sulphurous fumes is very 
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notioeabie in its effect on the chimney stacks 
which create the draught in the kilns. The 
acid attacks the mortar between the bricks, and 
in the Peterborough district the stacks are 
constantly under repair. We examined some 


2 . Johnson’s plastic brickmakino maihinery: 

TRANSVERSE SECTION 


bricks from within twenty feet of the top of a 
stack ; they were intact, although the mortar 
was reduced to slimci. 

The strong class of clays are often improved 
by judicious admixture with other substances. 
Generally sfK^aking, brickmaking clays arc 
composed of other materials in addition to the 
silicate of alumina, or true clay Bul)stanr<‘. 
They contain oxides and j)ho8j)hatc8 of iron, 
and occasionally organic' mattcT, iron pyrit<*.s, 
etc. The organic matter is the residue of the 
putrefaction of extinct vegetable and animal 
life. 

Loams contain, >>csidc8 the clay proper, an 
admixture of sand, while the maries contain 
calcium carbonat;e, or chalk. 

These two latter clays are more commonly 
met with in the South of England, often thin 
layers of sand and clay occuning alternately 
with admixtures of the two. 

Yellow, Red, and Blue Bricks. In 
many cases the colour of a brick affects the 
selling price more than anything 
else — especially where a brick is 
required for facing — with the 
result that colour often takes 
precedence to soundness. 

Now, the whole range of colour 
in bricks is due almost entirely to iron, in 
*somo form or other. If a clay, consisting of 
more or less pure silicate of alumina, contains 
1 per cent, or less of iron, the burnt brick will 
be white. As the proportion of iron increases, 
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tlie colour will pa»« from yellow to orange, and 
then to red. With 5 or 6 per cent, of oxide of 
iron, a good deep red will be obtained. With 
larger proportions of iron, the colour is still 
dot^r. 

The colour is also Ixjtter dcvelopcni by stronger 
firing. If the brick will stand it, and there be 
enough iron, the colour of the brick will pass 
from red to blue, and even to brown or black. 
The StafTordshire blue bricks, so much used for 
engineering work, arc well-known examples of 
the <^ase in point. 

Manganese, a metal allied to irrjn, also affects 
the colour of the brick, producing a brown shade, 
but the proportion of manganese- in the clay is 
so small that it can usuallj^ be left out of account. 

Modification of Colour. The colour is 
also much modified by the presence of carbo- 
nate's of lime and magnesia, and the condition in 
wliich the iron itself is present will also affect the 
colour, so that a knowledge of the^ jKueentage 
of iron in a sample of clay will not indicate 
ae-eurately what colour the burnt brick will he. 

A ref(^ren(H^ to the course on (hiKMimiiY will 
show that iron, in the eh(*mical sense, may be in 
either the ferrous, or th(' ferric state. It is in 
the latter form that it colours the brick. 

The most important factors which affect the 
colour of a brick hav(* be(‘U summed up by 
the German chemist S(‘ger, wlu/ made a life 
study of clays and their uh<^ in making bricks 
and porcelain. 

They an^ 

1. Quantity 
oxide of iron. 

2. Other consti- 
tuents aecomf)any- 
ing the iron. 

3. The eomposi- 
tion of the tire 
gases. 




BKMI-DRY OR DRY PRESS 
BRICKMAKINO PLANT 

4. The degree of “ vitrification.” 

5. Temperature at u'hich they are 
burnt. 

The presence of carbonate of lime 
bleaches the colour of bricks, and they burn to 
a yellow tone, as, for instance, in the case of 
the well-known lA>ndon Mocks. Three per cent, 
of dhalk will neutraUse 1 per cent, of iron, and 
give a yellow* instead of a red brick. 
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4 . PLAN AND ELEVATION 
OF Johnson’s “stiff 
PLASTIC ” BRICKMAKING 
PLANT 

*Somo fire gases spoil the colour of the brick, 
by producing an uneven, mottled appearance. 
This is due to the gases containing sulphur 
dioxide, carbon monoxide, and other reducing 
substances, wbicli convert the fenic iron to 
ferrous on the surface. 

Clays with Calcium Carbonate. 

Before leaving the subject of tbe composition of 
brick clays, we must say something 
more about the effect produced by 
calcium carbonate on bricks made 
from brick earths w*hich contain it. 
It will often be found stated that 
the clays which effervesce strongly 
with acids are unsuitable for brick- 
making. This is not always the 
case ; at all events, if 
the calcium carbon- 
ate is finely divided 
' and distributed uni- 
formly throughout the 
mass. Lumps, qt nodules, 
of limestone are un- 
doubtedly harmful. As 
the calcium carbonate 
lowers the melting point 
of the clay, it promotes 
the slight amount of 
vitrification or fusion necessary in making a 
sound brick. Twenty -five per cent, of calcium 
carbonate may be allowed if the brick be 
well burnt. Such clays can be worked into 
a bar for hand briokmaking, with 20 to 
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24 per cent, of water reckoned on the 
weight of dry substance, whereas the strong 
clays, free from lime, require 25 to 30 per cent, 
of water. These points have to be taken into 
consideration when working the clay in the pug 
mill. In the process of burning, calcareous clays 
give off carbon dioxide, which modifies the struc- 
ture or nature of the brick to a considerable 
extent, as the escaping gas leaves the brick full of 
tiny holes, and makes it more porous. In many 
cases, such a brick will btand the weather much 
better than a dense, smooth brick. Water 
which may permeate into the interstices will in 
cold weather do little harm when it expands on 
freezing [see Physics], while with a close, hard 
brick there are still innumerable minute cracks 
and fissures which absorb water readily, so that 
when a frost comes the water freezes and rapidly 
disintegrates the brick, 

Hand-made Bricks. This is carried on 
mostly in the South of England, and is suited to 
».he small deposits of vary- 
ing composition. 

Clays are first dug and, if 
too strong, are mixed with 
the right proportion of sand 
or poorer clays by heaping 
them in layers one on the 
top of the other. When 
carted away to be worked 
up, the men are careful to 
dig through all the layers, 
andcait away the different 
ingredients in the right pro- 
j)ortion8. If the clay contain 
flints, chalk, or pieces of 
rock, it has to be washed. 

For this purp(;8e, it was 
formerly the custom to dig 
a hole 3 ft. deep, termed a 
waah hack, or jMn. The clay 
was washed out of the mivss 
into this pan, with sufficient 
watei, and left to itself long 
enough to allow the clay to 
settle. The water w as drained 
off, and the material dug out. 

Nowadays modem mills are 
provided with washing pans 
of a ciicular trough. Revolving arms are 
fixed to a vertical staff in the middle of the 
trough, and carry harrowii suspended by chains. 
When they are driven round, the harrows 
chum up the mass of water and clay, w'hich is 
run off, leaving the deposit of stones, unbroken 
lumps, etc., on the bottom. The general 
principle, however, is exactly the same as in 
the old-fashioned pits, [See also Cement.] 
Weathering and Tempering. !^fore 
the clay is mixed with water, or tempered, as it 
is termed, it is allowed to weather, by exposing 
it to the air. This weathering is of the utmost 
importance where hand-made bricks are manu- 
factured and w'here the machinery is not 
sufficiently powerful to break down lumps of 
hard rock into which water will not penetrate. 
Frosty weather is tiest suited for weathering, 
owing to the small quantities of water which 
1a 2 ® r. 


permeate the crevices, expanding and splitting 
the stone w'hen frozen. Tiie weatiiorod clay 
is carted to the pug mill, wdiere it is mixed 
with the right quantity of water and ground 
to a uniform pasty mass, or pugged. 

The old pug mills consisted of pits sunk into 
the ground in which the clay was stirred up by a 
revolving arm worked by a sleepy old l)or8e. 
In a modern pug mill, the motive power is 
derived from an engine. The mill consists of a 
large pan in which revolves a vertical shaft, 
fitted with two horizontal knives. In the 
bottom of the pan is an opening for letting out 
the pugged clay, and there is a scraper at the 
bottom of the snaft for emptying. 

When the clay is sufficiently pugged, it is ready 
for moulding. This used to oe done in hand 
moulds of iron or wood, but modem machinos 
have largely taken the place of such primitive 
plant [see 11], However, owing to the cost of 
transporting bricks, and the fact that in the 
South of England small 
quantities of suitable clay 
crop up in numerous parts 
where the installation of ex- 
pensive maehinei’y would 
not pay, largo quantities of 
crude, hand-made bricks are 
still produced. 

Wire-cut BricKa. In 
modern plants the clay is 
fed l>etw(Hm powerful steel 
rollers, j)laced directly over 
the pug mill, which is often 
arranged horizontally. 

The plant in the illust ra- 
tions [ 1, 2, and 8] lor working 
on this system is constructed 
by Messrs. Win. Johnson & 
Sons, of Lc'eds. On the 
extrimie right-hand side 
may he* s<*ie*n one*, of the^ 
trolle'ys in which the clay is 
brought uf) fre>m tlu* pit. it 
runs on rails which slufsi 
down to that ])art of the 
pit whe*re the e*lay is being 
worked. Whem the trolley 
is full, it is drawn up by an endless chain, 
passing round a pulley, seen on the right- 
hand side of the drawing, dlie clay is tipficd, 
generally by an automatic arrangement, inte> 
the pan, of a typi^ of edge runner, termed 
a tem|)ering pan. The pan is made to revolve 
by suitable cogs, and the clay is ground by the 
heavy rollers seen on the upper floor in 2, 
where the plant is shown in transverse 
section. The clay passes through small holes 
in the bottom of the pan, and is delivered to the 
rollers shown on the ground floor, which cnish all 
stones, and the clay passes thence into the pug 
mill, where it is formed into a column or bar by 
the expression rollers, llie bat is delivered on to 
a table, on which is a frame provided with a 
number of vertical steel wires, which can 1x5 
moved horizontally by means of a lever. By 
this means the wires are driven through the bar 
of clay, cutting it up into separate bricks, 
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having the form 
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exactly aa in a aoap'Cutting frame, or when 
a grocer ctito cheeae with a wire. 'Die cutting 
table i« seen diagrammatically on the right- 
hand aide of S; on the left-hand side are the 
mixer and crashing rolls. 

Another Syntom. Another arrangement, 
due to Messrs. Whittaker & C5o., Ltd., for the 
production of wire-cut bricks is worked on the 
following system. 

The clay is delivered into the grinding mill. 
This consists of two 
heavy steel rollers rest 
ing on a pan, the bottom 
of which is made up in 
Hoctions consisting of 
steel plates provided 
with small perforations 
up to J in. in diameter, 
and the whole pan revolves, being actuated by 
the cogwheel above. This plant is similar in 
construction to Messrs. Johnson’s plant as 
shown in the figures. 

The clay is effectively ground, and when small 
enough passes through the holes into the plate 
and collects in a pit, from whence it is carri^ up 
by the elevator to a screen This consists of a 
sloping box with a bottom composed of a number 
of piano wires 
stretph(»d length- 
ways. The clay 
which pjisses l)c- ,, 
twe(*n the wires [ 
is conducted into 
the mixer, while 
the tailings^ or 
larger unreduced 
lumps, pass over 
and are retu rr.ed 
into the grinding 
mill. In the mixer 
the clay worked up 
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the water is added, and 
to a plastic mass. Hie 
mass is delivered into the pug mill, where, after 
ire.afment, it is thrust out on to the cutting 
table, and divided into bricks as already ex- 
plained. Tlie green bricks by this process have 
to be dried before they can be put into the kiln. 
Where possible, this is got over by working the 
clay semi -dry [6], or by the so-called semi- 
plastic [ 4 ] process. 

Machine-moulded 
BricRa« Tlie pits from 
which the clay is dug are 
often very extensive — huge 
excavations in the earth, 
sometimes 200 ft. deep. The 
pit slants gently downwards 
from the machine house, 
where the bricks are made, 
and a number of narrow- 
gauged trolley lines run 
down to the bottom of the 
The tubs or small wagons 
clay V: loaded at the 
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brick drying 


pit or day hole. 
into which the 
bottom of the pit are 
hauled up by endless chains worked by a pulley 
eonnected with the main shafting. When 
they arrive at the top of the gradient, the day 
is tipped out by an automatic arrangement. 
As fast as the waggons are emptied, they are run 


down again into the pit to be filled afresh. Tbe 
workmen dig at Uie side or bottom of the pit, and 
occasionally loosen the clay by firing small 
quantities of gunpowder at the bottom of bore 
holes. 

As the pit is enlarged, care must be taken to 
remove the earth and soil ronnd the top, so that 
it does not fall in and contaminate iha clay. A 
good deal of trouble is sometimes experience by 
the entrance of water, which must be pumped 
f t when necessary. In- 
deed, it is almost im- 
possible to continue 
working during very wet 
weather. 

The clay is first taken 
to the grinding mill 
[see 4 ], a little water 
being sometimes added to it. The construction 
of the grinding mill has already been described. 
The clay is worked so dry that it falls to 
powder in the hand. As before, it falls through 
the perforated pan of the grinding mill 
and is carried up by an elevator, whence it 
passes through the piano wire screens, and thence 
to the press. The clay is fed into the mould of 
the brickmaking machine proper, where it is 

kept hot by 
steam. The clay, 
in a semi - dry 
condition, is sub- 
jected by power- 
ful levers to a 
pressure of seve- 
ral tons. A 
brie kmaking 
press is shown 
m 6. 

All sorts of 

waste materials can be used for making bricks, 
such as stone chippings, clinker, slate refuse, 
blast furnace slag, or sand, reduced to a suitably 
fine powder by powerful machinery, and bonded 
with lime or cement. 

The compressed brick is automatically de 
livored to a table. Sometimes as much as 80 tons 
fuessure is put on the brick, and, although the 
material was quite powdery as fed into the 
press, it is now compressed 
into a solid brick [6], which 
holds together sufficiently to 
be handled, and can be put 
direct into the kiln without 
previous drying ; whereas 
bricks prepared by the plastic 
process require to be dried 
before they can be put into 
the kiln. 

BHcR Drying- This 
drying process used always 
to be carried out in the air, the bricks 
being piled upon each other in rows, in such 
a way as to be exposed to the air as much 
as possible, and covered with a screen or roof 
to keep off the direct heat of the sun. If fully 
exposed to the sun they would dry too rapidly, 
uid would almost certainly crack. There is a 
tendency, however, to replace drying in the 
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open by special drying-rooms, one form of between them. The fan, not shown here, 

which, oonstmoted by E. Robinson, we may now would be fixed at A [8]. It is represented as 

describe. viewed from one side. Prom either side of the 

In the heater [7], the main feature is the heater there is a branch pij>e which is carried 

spiral diaphragm. Steam is admitted inside along the centre of each room. Thus the 

the parallel system of tubes, and the wind, heater has a separate blast connection into both 

driven in by the fan, circulates through them, rooms, and by means of a blast gate on each 

and travels about four times the outside length side the current of wind may be entirely shut 

of the cylinders. The effect of this is to give off from one room and the whole of it turned 

a very high efficiency, and a large volume of into the other room. This construction has 

air can thus be heated to 250^ F., or higher, if the advantage that one heater and fan serves 

required. Either live or exhaust steam can for two rooms, one of which can be cooled down, 

be used. If the former, a steam trap is con- cleared and refilled, whilst the drying process 

nected, so that only the steam actually con- is going on in the other room, 

densed is used. In one of the rooms [9], a double tier of bricks 

A medium-sized heater of this kind is about is seen stacked. The uppt^r tier rests upon 

12 feet long by 2 ft. in diameter, and its air shelves of open latticed woodwork. These are 



10. OSMAN’s modification of the HOFFMAN KILN 
A. Longitudinal elevation and section. B. End elevation. C. Plan. D. Trans verge section 

inlet and outlet are attached to suit any desired readily removed and replaced for clearing or 

position. Here it is placed under a floor, as stacking. At B are shown steam -pipes for 

illustrated in 8 and 9. supplementary heating. 

For drying bricks in a long, narrow room. This system of drying applies to wire-cut 
as in 8, a trunk blast-pipe is carried from the and such bricks as are handled in the way 

heater along the centre, under the floor. This indicated. It will l>e understood, however, 

pipe is provided with a series of orifices, so that this apparatus is equally adapted for 

proportioned as to disperse a blast of wind what is known as the progressive, or A B 

uniformly throughout the whole length of the mode of working, where the bricks are stackc^d 

building. A board of triangular shape is arranged on cars and run into the dryer on rails. In 

over the discharging orifices, as seen in 9, and the latter case it is necessary to excavate the 

the arrows indicate the way in which the blast ground, putting all heating appliances below, 

is dispersed. and leaving a level surface for the car track. It 

Use of Double Chamber. It will be is generally necessary to supplement any blast 

Been that in the arrangement illustrated in 9 system of brick -drying with some steam-pipei 

a pair of rooms are built side by side, under the floor. These are shown at B in 9. 

with a heater standing under the partition As a rule motive power for driving the fan is 
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only available in the day time, and it is necessary 
to maintain some heat. The two independent 
systems are very convenient for utilising exhaust 
steam, and when this is turned into pipes, 
ve^ little live steam in the blast heater will be 
sufficient to ensure drying as rapidly as most 
clays will stand without cracking. By running 
the fan only during the day, and by allowing 
the room to cool down at night, bricks of the 
most debcate clay can be rapidly dried without 
cracking. 

The Sturtewant Syetem, Under ordi- 
nary circumstances, a good deal of heat 
muHt 1)6 left in the kiln gases in order to produce 
sufficient draught in the chimney. This is 
iHTonomised by the Sturtevant system, which 
draws these hot gases through drying chambers 
or tunnels in which the bricks are placed. The 
induced draught is produced by means of a fan. 
So constructed, there is no need to build a 
chimney stack, as the fan creates the necessary 
draught and lias the advantage of being easily 
regulated. The method is arranged to suit the 
typ) of brick. If the latter are very soft they 
will dry on the floor of the chamliers, but it is 
usually preferable to place them on the shelves 
of trucks which are run into the 
tunnels, the hot air passing 
through lengthways. Some bricks 
require drying very slowly, while 
with others tlio drying may be 
forced. 

BricK Burning. The old 

method of burning bricks in 
stacks in the opm without any 
proper kiln, is still largely prac;- 
tised, especially where, in order 
to meet local requirements, 
building operations arc pro- 
ceeding on the spot, and the 
clay deposit is only a small one. 

The green or un burnt bricks will 
usually be those made by hand. They are 
built up into a stack, or pile, with layers of fine 
coal between layers of bricks. A hole is left 
near the bottom for firing, and spaces are left 
to form air-holes and produce the necessary 
draught. As many as 50,000 bricks can be 
burnt in one of)eration. Tiie heaps should be 
proU'cted from prevalent winds by luting the 
crevices with clay or placing hurdles thatched 
with straw against the sides. 

The burning takes several days, and the hot 
gases and flames find their way through the 
crevices and air-holes, eventually escaping at 
the top of the heap. As might be expected in 
such a primitive arrangement, many of the 
bricks are very unevenly burnt. The temperature 
on the inside is much higher than necessary, 
and there bricks are sometimes over- burnt ; 
while on the outside they are not sufficiently 
heated and are under-burnt. 

Burning in kilns is an improvement upon this 
metliod. The first kilns were of simple con- 
struction, and intermittent in their action — 
that is to say, when the bricks were burnt the 
kiln was allowed to coo) down, the burnt bricks 
drawn and replaced by fresh green bricks. As 
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the kiln could not be entered until it had cooled 
down, most the beat given off by the cooling 
bricks was lost. 

Modem kilns are built on the continuous 
principle — that is to say, the beat given off 
during burning and cooling serves to drive out 
moisture and give the preliminary heating to the 
green bricks. The original continuous kiln 
was invented by Hoffmann, and the first kiln 
in this country is said to have been erected at 
Roundwood Brick Works, near Wakefield, 
where it is still in use. A modem form of this 
kiln, as modified by Osman, is shown in the 
diagram [10]. 

The Modem Kiln. In principle it 
consists of an oval framework, roofed in and 
divided by a centre partition, forming a con- 
tinuous tunnel, separated into chambers, usually 
seven or eight on each side, in which the bricks 
are burnt. The fire travels continuously roimd 
these tunnels, and when the heat is at a maxi- 
mum in, say, chamber 2, the opposite chamber, 
9, will be cold. The heat produced in chamber 
2, passing on through chambers 3 and 4, etc., 
heats these in turn ; and when the fire has 
travelled round sufficiently far, chamber 2 will 
have coolea sufficiently for the 
burnt bricks to be taken out and 
replied by green ones. 

The draught is produced by 
the chimney, but the escaping 
gases have given up most of 
their heat in drying and burning 
the bricks, so that they have 
cooled to a temperature of 150 
to 200° F. before they reach the 
chimney. The great economy 
effectea will be evident, as none 
of the heat is lost, and only 
enough left in the escaping gases 
to produce the necessary draught. 
The fuel is fed into the kiln 
through small boles, termed feeding holes, 
situal^ in the arched roof. These ore seen 
at /, to /fl [10], C and D. 

The fine coal, or slack, used drops down 
spaces or pockets left in the bricks as stacked 
in the chamber imdemeath. Care is also taken 
to pile the bricks with spaces between them, 
so as to allow for the necessary draught ; and 
they are usually arranged in blades, or loosely built 
walls, about 1 in. apart, with spctces about 2 in. 
wide, termed traces, running longitudinally, to 
take the draught through the bricks. 

The Osman Kiln. The Osman kiln 
shown [ 10] consists of fourteen chambers. Each 
chamber has a doorway (A), termed a wicket, 
through which the bricks are taken when setting 
or drawing. Each chamber is also provided with 
what is termed a damper-opening (B), which 
conveys the draught throu^ the chamber to 
the main flue (C), running round the kiln under 
the outside wall, and connected with the chimney. 
The walls separating the chambers are oft^ 
temporary, and contain boles corresponding 
to the tnoeB. As the heat of the chambers is 
drawn forward it passes thron^^ these openings 
into the next chamber. 
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Supposing that fire is burning, say, in chamber 
1 , chambers 2, 3, 4, and 5 may be nlled with the 
green bricks. The dampers corresponding to 
these chambers will be closed, while 5 will be 
open, so that the hot gases from 1, passing 
through 2, 3, 4, and 5, reach the chimney 
through the flue (C), To prevent cold air in 
0 chamber rushing back and checking the 
draught at 5 damper, the trace-hole openings 
in the drop wall of 6 are blocked up by 
pasting paper over them. This paper will 
gradually bum away when the heat is suffi- 
ciently far advanced. When this happens, the 
damper of 5 is closed and that of 6 opened. 
'I'he holes in the wall between 6 and 7 are 
pasted up as before. In this way the heat 
gradually advances through the chambers ; those 
in front being continuously filled up with fresh 
green bricks, while those behind are emptied 
of burnt bricks as soon as they are cool enough. 
There is an outlet (G) from each chamber, so 
that the steam gradually driven off from the 
green bricks is taken from the chamber at the 
top and drawn into the main flue and away 
to the chimney. This steam, if allowed to pass 
through the chambers ahead, would condense 
on the green bricks, causing them to soften and 
crush, and would also affect the colour of the 
brick. It is necessary to draw off this moisture 
slowly and gently, so as not to crack the green 
bricks ; and to effect this the waste heat 
through the cooling chaml>er8 is drawn upwards 
through the outlet H, and along a branch flue 
which joins the central hot air flue at J. The 
heated air is thence carried down into the 
chambers at K, containing green bricks, in 
advance of those actually burnt. The moisture 
driven off leaves at the point G, reaching the 
main flue C. When the bricks are taken out 
they are ready for use. 

Fire-clays and Fire-bricks. Such 
bricks fuse at a very high temperature, and are 
prepared from special heat-resisting clays. 
They will stand temperatures at which ordinary 
bricks would melt and flow like water. Many 
natural clays are found suitable for their manu- 
facture. They usually consist of silica and 
alumina, but contain very little iron, lime, or 
alkalies, as the presence of all these substances 
tends to lower the melting point of the brick. 

Many natural fire-clays are worked for making 
this class of brick. Such clays are obtained 
from Dowlais, Stourbridge, and other places. 

Dinas bricks, made from dinas clay found in 
Wales, consist almost entirely of silica, and 
artificial bricks have been prepared on the 
same lines by mixing silica with about 1 per 
cent, of lime. Ganister, a fire - brick of a 
highly refractory nature, is used for lining 
furnaces. 

Much of the fire-clay used in this country comes 
from Stourbridge, but excellent material is also 
obtained from Northumberland, Lancashire, 
Warwickshire, and South Wales. 

Many fire-clays are found underlying coal 

Brickmaking 


seams, and are hence frequently termed under rla>/. 
They are usually of dark greenish -grey colour, and 
of dense consistency, "lliey arc generally mined 
in the same maimer as coal. Vi^en brought to 
the surface, the clay is spread in even layers, and 
allowed to remain several months, that it may 
become thoroughly “ weathered," after which it 
is taken to a wash mill and worked until the mass 
attains a re^lar consistemev. It is run out into 
settling bocks, and when the water has evajw- 
rated, the mass is cut up and moulded. 

To give an idea of the chemical composition 
of fire clays, we append the follow ing analysis of 
Stourbridge clay : 


Silica 
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Good fire-bricks may lx* made from the refuse 
of china clay and quartz sand. Such bricks 
will consist almost entirely of silica and alumina, 
with not much more than 2 ptT cent, of other 
ingredients. 

How to Measure Temperature of 
the Kiln. It is often of considerable import- 
ance, and of great i>ractical inh^rest, to metisure 
the tern jx‘ratu res of tlu* brick kiln, so as to 
secure even and regular firing — a great desider- 
atum in practical working. The t(;m|x*ratu?’(? of 
the kiln is so high that it is not |)OHsible to 
measure it by ordinary thermometc^rs, and 
there are a numlx*r of special d(*vi(^es which are 
employed for this purpose. Among these, some 
of the most sensitive and accurati* are constructed 
to WT)rk electrically. Many of tlu^m d('):)end on 
the resistance a wire offers to electric current, os 
th(‘ higher the U^mperature the greater the 
resistance ; but for brick making and alli(^d 
industries simpler contrivances are often used, 
as, for instance, the Soger cone, whi(di dejMinds 
for its action on the expansion of a piece of fire- 
brick when it gets heated in the kiln. 

Another appliance* is the Watkin Heat 
Recorder. It is simply a block of very refrac- 
tory ware, with five recesses or shallow cavities 
sunk into its top face, in which are placed small 
pellets of varying fusibility, and of definite 
composition and melting points. The actual 
temperature expressed in degrees on the Centi- 
grade and Fahrenheit scales is given in the tables 
used with the recorders. 

They are provided with a sfiecial wrapi>er, 
which serves to retain the loose pellets in tneir 
places, and which is not removed before firing, 
as it readily bums away. After firing, it does 
not matter if the loose pellcf/S drop out, as those 
pieces which fuse will always remain attached to 
the recorders, and from these the temperatures 
are read. 
concluded 
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NEW WORK IN OLD FIELDS 

Unworked Comers in Old Fields for the Inventor and Scientist A 
New Educatioflal Factor. Modern Photog:raphy. The Sdenfific Farmer 
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VY/ITH til is article, one aspect of the present 
^ course attains finalitv. Highly important 
considerations, to which all that has so far ap* 
i peared under this heading serves as introduction, 
remain to be reviewed. Succeeding articles in 
the same course have for their object the in- 
culcation of methods whereby the student, 
whether his goal be literature, art, science or 
industry, may seek and win inspiration, and, 
having gained that inspiration, turn it to prac- 
tical account in the pursuit to which he shall 
devote himself. The moral and intellectual 
development of a man is, of course, as ardently 
to be sought as that merely mechanical genius 
into which a well -schooled sav^e might develop. 
The character and career of an fclison are neatly 
to be commended to the study of youth with 
ambition. They arc an inspiration to the 
zealous, an example to the able, a reproof to 
the lethargic. But a man's library must not be 
all Edison ; he must have his Emerson and his 
Bhaki^pcare ; he must have thought not less 
than thews, morals os well as muscles, Thomas 
Brassey could never have provided half the world 
with railways had he l^n simply a skilled 
contractor and engineer. 

Character an Aaaet. Character was as 
considerable an asset in his gigantic success 
as the ability of a bom engineer. It was his 
hno moral fibre as much as anything w'hich made 
his fame in industry world*wiae. Almost for the 
first time it was insisted, in all he did, that work 
should be iiontist ; that every engagement 
entered into should be carried out with the 
nicest observance of moral as well as legal 
obligation. Every day, for many years, 75,000 
men, far scattered over the world, work^ upon 
his enterprises. Every man of those 75,000 
knew that while ho could rely upon his master 
as u|>on the unfailing rotation of the seasons, 
each in his individual capacity, no matter how 
responsible, no matter how insignificant, knew 
that he was expected to render an honest account 
for each day’s labour. Character, equally with 
capital and energy and genius, built the railways 
upon which the fame of this noble Englishman 
was reared. The earnest student will read and 
value the articles which follow on this aspect of 
self-development — the development of character 
and of mental energy. 

There still remain some schemes yet to be men- 
tioned. No pretence is made even to have 
approximately exhausted the subject. No man's 
brain could do mme than evolve suggestions 
sufficient to more than touch the fringe of 
the subject. Probably every reader of the 
course will be able to suggest a dozen new 
ideas from each of those contained herein. As 


has BO oftem been shown, an idea for a specific 
industry finds acceptance in a totally unex- 
pected quarter. The man who essays the solution 
of cotton for the making of artificial silk finds 
a product for the manufacture of incandescent 
mantles ; while the maker of a new form of ; 
metal fencing proves to have the very idea 
needed for the builder who relies for his wails 
and floors upon reinforced cement Prom a 
leaf springs the design for the Crystal Palace; 
from the boring of a destructive worm the secret 
for man's sub-aqueous tunnelling ; from the , 
refuse of the coalpit medicine to cure half the 
ills to which flesh is heir, perfumes to charm the ^ 
senses, disinfectants to preserve him in health, 
essences and flavourings to delight his palate. It 
would be idle to preach to a colliery proprietor 
or a gas-works owner of the chemical properties 
of the substance which he handles ; but the story 
told to the student of chemistry means much 
to him and mankind, whom he is to benefit. 

Cheap Telephones. A business man of 
standing was asked in what direction he 
would wish to see progress sought in so simple 
a matter as office equipment, in time-saving 
apparatus for a great concern such as that of 
which he is the head. He did not see any 
particular in which present-day methods could 
be improved. Yet that man, if he wished to 
see the chief men of his dozen departments, 
would have to send as many separate messages, 
w^asting his own time while each man was making 
the journey to his counting-house ; wasting, too, 
the time of each manager as he came from and 
returned to his own department. The idea of a 
general installation of cheap telephones through- 
out his premises did not appeal to him; verbal 
messages carried by a junior clerk had always 
served, and would serve. Yet, in the absence 
of the responsible head, work may stand 
still with scores of his employees. The cheap 
telephone for communication, department with 
department, and the office with all, is one of 
the things of the office, the factory, warehouse, 
shop, and other business establishments of 
to-morrow. 

£coiiomisin^ Time and Money. In 

America they have, in all the large hotels, 
an elaborate system of inter-departmental 
telephony. If a guest wishes to have bis bath 
prepared, he puts the indicator to the number 
on a dial and presses a button ; if he wishes a 
meal brought to his room, or one to be prepared 
for him el^wbere ; to send a telegram, or book 
a seat at a theatre or concert ; & he wants a 
paper or a carnage — ^no matter what, there is 
the want indicated on the dial. He applies the 
indicator to it, presses the button ana the rest 
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18 done for him. ThiB means a great saving of 
time to the guest. It is not designed, however, 
wholly for the convenience of the latter. The 
wages of domestic servants in the United States 
are high ; it is cheaper, hotel proprietors find, 
to bear the initial outlay necessary for the 
installation of this instrument than to employ 
an unlimited numl>er of messengers to run about 
from floor to floor and frc m room to room. This 
instrument, or something of its character, ought 
to be in the office of every man who has upon 
his premises a large number of employees, and 
needs frequently to be in touch with those 
responsible for the conduct of the several 
departments. T.me saved is money gained. 

The Gleaner's Harvest. The man who 

will take the trouble to re-explore iields in 
which he is no longer a pioneer will find a rich 
harvest for the gleaning. Lord Rayleigh stands 
in the very foreground of the worla's scientists. 
What has he done ? The work which places him, 
with Lord Kelvin and Sir George Stokes, in the 
ranks of the greatest physicists of the ago, has 
been well summarised in a couple of sentences : “ A 
great part of his theoretical work consists in re- 
surveying things suppos ^d to be already known, 
and elaborating their theory into precision and 
completeness. In this way he haf gone over a 
great portion of the field of physics, and in many 
cases has either said the last word for the time 
Ixiing, or else started new and fruitful develop- 
ments.” If our giants can stooj) to laborious, 
painstaking work, which to many a young 
student would seem humdrum, the youthful 
worker with ambition and new' ideas need not bo 
ashamed to seek the golden grain where men 
before them have applied the sickle. 

Not only may we seek improvements of in- 
ventions already before the world. Tiiere is 
profitable return in seeking new applications of 
those inventions. The cinematograph and 
kindred mechan sms have l>een, until quite 
recently, the toy of the promoter of entertain- 
ments. Their use in preserving for posterity 
historic spectacles of our own day has, of course, 
been recognised, but their value to science and 
ordinary education has been overlooked. 

A New Educational Factor. Now, 
however, it is found that the cinematograph 
may be a most valuable adjunct to the lecture, 
illustrating scientific processas, surgical ojiera- 
tions, and what not. The idea is capable of 
development in many ways. But there is a 
considerable barrier in the way of its immediate 
popular application — the cost is excessive. The 
films for the negatives now cost, it is found, 
at the rate of a sovereign for every minute of 
exposure. That makes the common use of the 
cinematograph prohibitive. A newer, cheaper 
substance is sought. When that comes, every 
school, every lecture-hall, may have its studies 
of special subjects illustrated by this wonderful 
handmaid of science. The eye is a wonderful aid 
to assimilation of knowledge. 

A child will learn by ear to utter a sequence 
of sounds to represent certain ideas, and will 
repeat such sound' with some pretence at accu- 


racy. If tliat child Ikj a^ked to w'ritc out what 
it has learnt the result w-ill Ik' ludicrous. We 
spell by the eye. In any average company of a 
dozen persons not six will be able to spell verbally 
any ordinary word w'hich has a curious 8i)elling. 
But they will write that word correctly. In 
doubt as to a spelling, a man instinctively takes 
up pencil and paper and w rites it. If the letters 
are not set down in conventional ordi*r, the' 
ey’’e, that diligent servant, at once df'tects the 
mistake, though the ear cannot. The cine- 
matograph would l>e an invaluable aid to the 
eye and make instruction more easy and more 
attractive. But its general application to such 
methods is commercially impossible unt il w'c get 
cheaper films. The old ground must be gone 
over again, but more thoroughly. 

Doubling the Microscope’s Use. 

Another excellent example of the result of re- 
exploration comes to hand in a new addition 
to the functions of the microscope. All these 
years we have had to be content w'ith having 
one field of observation at a time. If two 
objects were to be compared, they must 1 h» 
examined separately. It was infinitely laborious 
and t-edious, and comparison could not l)o as 
exact as the careful man would wish. But dili- 
gent seekers have been toiling away in the old 
paths, and seem about to w'in their reward. 
A new attachment is being tried which will 
give the microsoopist two fields of observation 
at once. The old sUTcoscope used to give us 
two pictures to form one under the influence of 
the lem . This new apparatus reverses th(! 
process, and enables the 1 wo eyes simultaneously 
to have two fields un(j/T microscopic observation. 
For com])arative work this will, of course, Ixi 
invaluable, and the time saved to the micro- 
scopist devok^d to w ork of this character will bo 
practically doubled. 

The story of sulphuric acid is another illu- 
minating example. Two processes, both v(Ty 
old, have been in use with but scanty modifi- 
cations, as well on the Continent as in England, 
The English method has involved the erection 
of vast chambers of lead, bound together with 
a mighty framework of timlx?r, and elevated 
uj>on arches of masonry each several feet alK)vc 
the ground. This process has been unwieldy ; 
it has consumed space unnecessarily, and 
it frequently only succeeded in yielding an 
acid highly charged with impurities. The cir- 
cumstances have constituted an insistent call 
upon the attention of the inventive. 

The Call of Necessity. When Queen 
Victoria came to the throne we looked entirely 
to Sicily for the supply of sulphur, out 
of which to manufacture our sulphuric acid. 
A year after that event, however, the Sicilian 
Government established a monopoly of the 
sulphur trade. The result was an immediate 
and heavy advance in price. Human ingenuity, 
when put to the test, can generally get round, 
or over, a wall which it cannot go through ; it 
did in this case. Sicilian sulphur failing, 
chemists cast about for a new substance, and 
iron pyrites proved the thing recpiired. Ever 

1287 



since then iron pyritcfi has encroached upon the 
preserve of Mufphur, and to-da^ is infinitely 
more in requisition than the oriffmal substance. 
But there has always been the objection that in 
it are foreign substances, the most deleterious 
being arsenical compounds, which render it 
inapplicable for many purposes. 

At last two })ersevering students in a chemical 
laboratory have solved the problem. The huge 
and clumsy chamber is to disappear. A 
now process has been evolved. By forcing 
different gases through a tube containing 
platinum • asbestos, the acid is formed by 
what the chemist knows as catalytic action. 
Catalysis is a term in physics full of mystery 
and fascination, which the student will study 
in other courses of the Self-Educator. Here 
it operaUw ip a very small apparatus, produces 
a pure acid, is already commercially worked, 
ana, at a step, foreshadows a complete revolu- 
tion in the industry. For it is an industry to 
itself, this making of sulphuric acid. Great 
quantities are required for the manufacture of 
soda, for bleaching, for calico-printing and 
dyeing. The manufacturer finds it indispens- 
able; the chemist requires it for the laboratory ; 
the medical practitioner could not make up 
his medicines without it. 8o universal is 
its U8<* that men have been content to regard 
the last word os said in its method of pro- 
duction. 

Th© New Photofraphy. Tlic system 
already described comes under the heading 
of contact procH^ss. A more popular application 
of the contact process relates to photography. 
By the new method the photographer runs 
over his negative a solution of ether con- 
taining hydrogen peroxide. Here, again, cata- 
lysis operates in its l)ewiIdoringly arbitrary 
way, but all for good. Wherever the silver on 
the negative is reduced, the hydrogen peroxide 
is immediately destroyed, but where the 
silver is not n'duocd, the hydrogen peroxide is 
not destroycKi. The consequence is that when 
a negative so treated is brought in contact with 
sensitised paptT it produces practically the 
same change in that paper which would have 
resulted from the exposure of the latter to the 
sun. The sun is no longer necessary for print- 
ing-out ! To how many thousands of amateur 
photographers, permitted daily only fragment- 
ary leisurt', may this prove a boon. Not only 
does it save their time ; it >vill tend vastly 
to save their pockets, for, instead of the costly 
sensitised papers now employed, a much less 
expensive one will be possible. 

Such is some of the gold from old mines. The 


latter are far from exhausted. Note the advance 
in steam-raising which has occurred within the 
days of men not yet in their prime. A score of 
years ago the normal pressure for a boiler was 
about lb. to the square inch. Men have 
worked steadily at improvements, and to-day 
the modem installation has 180 lb. pressure 
to the square inch. Again, twenty years ago, 
ordinary wet steam was employed, steam just 
as it came from the boiler. To-day the steam 
has to be superheated through a temperature 
of 180 degrees Fahrenheit. At first it was tried 
as gas, but to-day this superheated steam with 
the pressure indicated is the steam by which 
our engines are driven. Yet twenty years ago 
the engineers thought perfection was expressed 
in the apparatus then at their disposal. 

The Scientific Fanner. There is 
another field which has not yet been exhaust- 
ively exploited — the field over which the dairy 
farmer is lord. As it has been already 
pointed out, new methods are sought for the 
distribution of pure milk in centres of population. 
We have to deal not with effect but cause ; not 
to lament the sale of milk injurious to health, 
but to secure that milk shall not become un- 
healthy in condition before sale. Very rightly 
the hand of the law descends upon the man 
who has recourse to preservatives ** so-called. 
Pasteur gave his time in vain to the study of 
this question if at this day “ Pasteurising ” of 
milk has been forgotten or ignored. By this 
method milk can be safely kept long enough 
for its distribution in a sweet and sound con- 
dition. Its use is slowly being adopted in 
England. But the English farmer leaves with 
reluctance the rut in which his forbears trod. 
He grumbles at the sale of foreign butter, but 
refuses to recognise, or at any rate to alter, 
the fact that his “ fresh ” butter will not keep. 
With every desire to encourage the sale of 
the home-made butter, than which at its best 
none in the world is better, we all know that 
the English product is apt all too soon to go 
rancid. The reason, apparently, is that the 
maker either does not take the trouble, or has 
not the means necessary, to eliminate the butter- 
milk whose “ turning ” spoils the whole supply 
of butter. Yet it can be done in this country. 
The dairy farmer will have to recognise the 
importance of co-operating so that he can 
have, in a central part of the area to which ho 
belongs, a “ creamery to which he and his 
neighbours can send their milk; and there, 
with th© best of plant, have their butter and 
cheese made, and the good name of the 
English material re-established. 


Ideas Concluded 



TRACING AND CUTTING OUT BOYS' SUITS 

Drafting Sleeves, Vest and Knickers. Tracing the Pattern. 

How to Place the Pattern on the Cloth. Cutting Out 


By Mrs. W. H. SMITH and AZELINE LEWIS 


Group 9 

DRESS 

9 

TAILOHINO 

Cimtlnm'd (ro>»\ |> lltl 


The Sleeve. For this a piece of paper 
19 in. by 9 in. is needed ; 2 in. do^n from 
top and 1 in. in from edge, draw two parallel 
lines, half the breast measure apart (HJ in.). 
Letter the comers A and B. C is midway 
between A and B : C to D, 1 in. ; A to E, 
same distance as J* to O, in Back I>raft 
[16, page 1112]. 

E to F is one-fourth ; F to G the same ; F 
to H. } in. ; B to I, 1 in. ; A to J, length 
of sleeve, omitting width of back [see broken 
line, 15]. 

Square a line out from J, J to K, 1 in. ; K 
to L, one- third of breast, plus J in. M is mid- 
way between K and E ; square elbow line out 
from M ; M to N, 

} in. Curve top of 
sleeve from E, 
through 0 and D 
to B, and from E 
through H to I. 

Slightly curve from 
I to within 2J in. to 
elbow line. Curve 
from E through N 
toK. 

Pockets. 2 in. 

out and down from 
3 draw a Vme in. 
for pocket opening ; 
for position, see 
diagram. The flap 
is IJ in. deep [15| 

Vest. Working 
scale half breast 
(13 in.), half waist 
(13 in.); 4 in. turn- ,, 
ings are allowed on ^ 
all seams, but if the 
cloth is very thick ^ 
allow J in. extra on 
fronts. 

Drafting the 
Veat. This method 
of drafting vests will be found most useful, it 
being so arranged that it will fit either the 
smallest or the largest sizes that would be 
called for [17]. 

Begin the drafting as for coat. 

A to E, 14 in. ; D to E, IJ in., or length 
required ; D to D*, j in. Curve from f in. in 
from E, through D® to B. Back line to (>, 
one-third of breast, plus IJ in. (of in.), to F, 
two- thirds (8f in.), on to G, half breast ; to 
H, 2 in. more than the measure. G line to 
H®, in. ; 0® to I, onc-twelfth. I* is mid- 
wi^ tetween back lino and H. 

Draw line from I®, 2 in. below waist line, 
and make K ; 1 and 2 are ^ in. to ri^t and 



17. DEAFTINQ OF VEST 


left of line K. Draw lines from K through I. 
to I®, also through 2 to same point, and from 
K to E. Curve from I® through I to J line. 
Make a dot A in. to right of F, square down to 
waist line and make 3 ; 3 to P, half waist 
(flj in.), draw line from H through P to lK)tt<»m 
of paper ; curve from H to within f in. of H‘‘ 
(or lower if desired) ; continue neck, shoulder, 
and Eumhole curves as in 15. 

P to 4, 2 in. ; P to 5. 3^ in. Draw line 
from 5 to K ; 5 to 6, J in. ; draw lino from 
6 to 4. K line divides the vest. 

The ordinal^ length of slit, or optuung at side, 
is 2 in. ; tliis should be left in all vests to 
allow of the expansion of 2 in. which takes 
place when sitting For posi- 
tion of pocket, see diagram. 

Knickers. Waist 20 in., 
seat 28 in., side length IS in , 
inside leg 10 in. 
Working scale half 
waist and half seat; 
f in. turnings are 
allowed on all seams. 
First draw a line 
2 in. in from edg(‘ 
of paper. 1 to 2. 
side length (18 in.); 
2 to A, inside leg 
(10 in.). This will 
h^ave 8 in. for the 
rise of body. Square 
line from A about 
lOJ in. ; A to B, half 
seat (7 in.) ; A to C, 
two-thirds (OJ in.) ; 
C to D onc-twclfth. 
B to one-twelflli. 
Square line from 
, B, raising the ruler 
Y i in. alx)vo A ; if 
' j this is omitUKi the 
',5 knickei*s will l)c too 
tight in front waist, 
B to 3, half -seat, plus 1 in. ; 3 to 4, 2 in. Draw 
lines from 3 and 4 to side line ; B to K, one- 
third of seat and 1 in. (5} in.) ; A to F. 
quarter of seat (3J in.) ; E to F** half wrat and 
li in. [181. 

The Seat Angle. Draw lino from C 
through E, make G 3 in. up from line 4 ; 
spring out \ in. and connect to back line ; 
3 to H, half waist; from, back line to I, half 
waist and 1 in. ; back line to J, half waist 
and J in. ; 4 to K the same. Draw line across 
top^of seat angle \\ in. out and down from G. 

Xhe Leg. 2 to 1 in. ; L to M 6^ in., 
or width round the knee required ; draw line 
from M to C, gradually curve from M to D. 
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Draw line from L through F* and slightly 
curve through I to J ; draw line from J to G ; 
and curve from K through H to A, curving 
slightly to the right of F. Gradually curve 
from E through 15' to (\ and from E to D. 

TRACING THE PATTERN 

Either a stiletto or a single tracing- wheel and 
a stiif sheet of paper are required. Lay the 
drafting on the papt^r, and place something heavy 
on it to prevent its moving. 

Front. Trace from 1 through 3 to 1“ round 
the armhole, shoulder, nock curve, front and 
l)ottom. Mark pocket openings and inset mark 
for sleeve j in. up from bust-line on armhole 
curve. Remove the drafting and cut out the 
part traced 115j. 

Back. Trace from K through 2 to I and J ; 
from J to A*’; A’’ to A, and A to E'‘, and along 
bottom E^ to K. Remove the drafting and cut 
out. I and I'* must 1)C placed together when 
making. 

Sleeve. Uiiper part. Trace from K through 
N, E, G, D, B, and thence down to L, and 
along to K. Cut out. 

Under part. From K through N, E, H, I, O, 
and L to K, and cut out [16|. 

Vest. Front. This can lie simply cut from 
K through 2 to 1'' . and round tlio armhole, 
shoulder, neck, and front from 4 to (5 and on 
to K [17]. 

Back. From K through 1 to I'‘ , thence to I 
round armhoh*, shoulder, and n(*ck, and from 
A to D*, and E' to K, 

Knickera. Front. Trace the bottom first 
from L through M on to C through 15'* to 4 ; 
from 4 to K, H, and outside F to L [18]. 

I5e surt' to trace from H to ,‘5 and A to 0. 
Remove the draft, and cut out. 

Back. Replace tlu* draft on another piece 
of paper, trace Ijottom from L to M, on to 1) 
through E to G ; then to J through F* to L. 
Mark the seat-line from outside A to D and 
also I and J, as the latter join to K and H in 
making. 

This system of obtaining the pattern from the 
draft is simplified for In'ginnors ; w'c are not 
dealing with those who have learned Tailoring 
and Cutting. We shall, however, advance os we 
draft, and make larger garments. 

When cutting out the back, remember to add 
on the triangular piece which lias been taken off 
in the front draft — i.e., from 1 to K. 

Placing Pattern on the Cloth. The 
material should be laid on the table with the 
fold tow'ards the worker. Press out all creases 
before laying on the pattern. In every instance 
the cloth should be tried to ascertain if there is 
a pile. Place the pattern so that the pile runs 
from ri^ht to left. 1} to 2 yd. of 60 or 54 in. 
cloth will be required [19]. 

The necessary linings and trimmings for boy’s 
suit are as follows : 

For Coat and Vest ; J yd. of Italian, or 1} yd. 
of Sateen, 1 yd. Silesia for sleeves and inside 
lining of vest, }* yd. black Silvia for pockets, 
} yd. black linen, j yd. of canvas, ^ doz. coat 
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and \ doz. vest buttons to match, a smaU reel of 
machine silk for the edges of fronts and cuffs, 
j yd. of twist. No. 8, and two reels of cotton, 
Nos. 30 and 36. 

For Knickers : Twice their length will be 
required, and ^ yd. of strong Silesia or pocketing. 
For the machine, a reel of Knox’s fine machine 
thread, or No. 16 to 24 cotton for the bobbin or 
shuttle, and No. 30 for the top, .J doz. large and 
.1 doz. small buttons, and a packet of tailor’s 
needles, No. 4 to 8. 

The pattern should now be outlined with 
chalk. 

Coat. Mark I and P, the waist-line on back 
and front [2 and 3 in 15], and the pocket- 
openings. The back is generally placed to the 
fold. Now mark all round the pattern, leaving 
an inlay of j of an inch on the shoulder, and 
just a little from N** to M*, also an inlay on the 
front side seam. Mark the inset for sleeve J in. 
up from bust-line on armhole curve. The 
facings must be joined, and should go into the 
shoulder ; they are about 3 in. wide at the 
bottom. About 1 in. should be left on bottom 
of coat [19] for turn -up or inlay. 

Sleeve. It is advisable to leave an inlay 
of in, on the back seams, and on the bottoms 
quite 2A in. 

Vest. The fronts only are cut in cloth. 
Chalk all round the front, also the pocket - 
optming. The facings should be 1 \ in. wide, and 
taken from scam to shoulder [19]. 

The back is generally made of good black 
Silesia, and the lining of a light one. 

Knickers. In chalking, the pocket facings 
can be left on, from K to F, and F‘ to I, about 
1 in. This will save trouble in making. 

A good inlay must be left on the back, as 
from G to D [18]. The seat and waist-lines, ai 
from 3 to H, must be marked. It is advisable 
to leave inlays, or turnings, on the side and 
inside seams, and from l.V to 2 in. at the bottom, 
if cloth permits. 

The suit is now ready to cut out and thread- 
mark. 

Thread • marking. This is the first 
operation after the parts are cut out. Beginners 
should remember that there are two pieces of 
cloth, and that only one is chalk -marked, the 
other being outlined by the process about to be 
described. 

Take a No. 5 or 6 needle threaded with double 
tacking cotton, without knot [see 4 , p. 1111]. 
Take care to have the stitches as small as 
possible, and J in. apart, round the neck and 
armhole curves. Having cut the loops between 
the stitches, cut the threads between the cloth, 
ra'sing the top piece very carefully, and allowing 
only sufficient room for the scissors to snip the 
cotton that holds them together, so that the 
stitches are not pulled out. \^en this is 
finished, each piece will hold the thread-marks, 
and so indicate the outline of the pattern. 

The seams are taken I in. inside the thread 
marks, or intums, the uses of which are evident 
when any alteration has to be made. Be sure 
to thread-mark the pockets, also position of 
buttons and holes. 



Bacli. This mast be thread-marked in the 
same way as the front. It is advisable for 
beginners to practise thre€kd- 
marking on two pieces of cloth, 
as it is an absolute necessity for 
good tailoring. The sleeves, vest, 
and knickers are thread-marked on 
all chalk-marks. 

The PecKeta. When the 
various portions are thread- 
marked, the first process is tliat 
of making the pockets. Two 
pieces of cloth ana two of lining 
are required for the flaps, ('ut 
them } in. longer, and J in. wider, 
than marked in 15, then prepare 
in the following manner. 

Baste each piece of cloth on its 
corresponding lining through the 
centre to within i in. of each end 
[20]. Tack round the edge, begin- 
ning at the top right-hand corner, 
keeping the cloth J in. in from 
lining, and fulling the cloth on at 
the qornors about 1 in. on either 
side. This allows it to set flat on 
the right side, which it would not 
do if the lining were loose, when 
the flaps would curl up instead of 
under. Machine round the edge 
quite close to the tacking, then pare away 
the lining even with the cloth. 

. Take out the tackings ; turn the flap, 
working the comers out evenly and sharply 
with a bodkin ; tack the two raw 
edges together and basU^ round, 
working the cloth over the edge 
all round, so that the seam will lie 
I in. underneath when finished [21]. 

Place a cloth over and press on 
the wrong side, then machine round 
A in. from tlie edge. Mark the 
depth of flap (in this case IJ in.) 
with a piece of chalk or white 
cotton. 

Take the left front, place it 
right side uppermost, and re- 
mark the pocket-opening 
exactly the same length as r. 
flap ; turn over, take a ^ 
strip of strong linen, 2 in. 
wide and 2 in. longer than 
the opening, make a crease 
through the centre, and place 
this on the thread-marks, leaving 
1 in. at either end ; baste all 
round and turn the front over [22]. 

Take a piece of strong Silesia, 2 in. 
wider than pocket-opening, and 
long enough to escape the bottom 
by 1 in. ; baste a strip of cloth 
1 in. wide along the top [23], and 
stitch along the Tower edge to secure 
the raw ed^ of cloth to pocket. 

Now place the top edge (cloth 
facing underneath) close to the thread-marks 
of opening, and baste to coat front ^ in. below 
the latter [24]. Next put the flap on the front. 


lining uppermost, with the chalk line J in. 
above the thread-marks ; baste in position, and 
stitch on chalk-line and along the 
lower part of opening J in. from 
thread-marks [24]. 

Out along the thrt^id-marks to 
within J in. of optuiing, and snip 
the corners at both ends al)out 
[ in. on either side to form a V 
[26]. 

Nick the Silesia at either end 
to allow the pocket to turn over 
properly, remove the tackings 
round the oj)ening, and turn 
the pocket inside out through 
the opening ; tack along the tof», 
working the two edges evenly 
together with the linger and 

thumb, also tacking the two V's 
back at either end. Stitoh from 
corm^r to corner only, as from 
a to 6, keeping os close to the 
edge as possible. Turn the flap 
down, press the edges inside 
through the opening \jp towards 
th(‘ shoulder, keeping them per- 
fectly level, and baste for 

stiteliing [26]. 

Now take the bock of pocket, 
whicli must be 1 in. longer than 
the front to allow of its being stitehod in 
with the flap, turn the fore part of coat 
wrong side; nppermt)8t, 

and place the Silesia 1 in. 
above the opening ; then 
bast/O along the top [27 1. 

Turn over on the right 
side, make the ends neat, 
pressing the V’s back with 
a needle, stitch along tht^ 
top of flap as close to the 
edge as possible, l)eginning 
} in. below the flap, and 
terminating J in. b<^low 
it at the other side, thus 
neaUming and strengtlnm- 
ing the ends. Secure th»> 
emls of pocket -mouth with 
two more rows of stitching, 
and finish off in t)ic sliajK? of 
a I), OH from c to d [28]. 

Tack round the pocket, and 
stitch, beginning J in. from 
0 {>ening and stitc^hing througli 
the linen stays at both ends 
of pocket [29, 30, and 81]. 

We are now n^ady for the 
canvas, the selvedges of which 
should bo slightly dampf^ and 
pressed all over witli a liot 
iron — not ironed. 

Cut the canvas as shown 
2 in diagram of right and left 
fronts [29 and 80], the selvedge? 
to the edge of front, and 
cut edge overlapping pocket 1 in. Place 
the canvas on the wrong side of fore part 
of coat, and baste round the edges, keeping 
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20 — 28. THK MAKIN(» OF A POCKET 


it easy across the chest, over the shoulders, 
and ro\md the armholes ; cut the canvas 
l.J in. from the neck and IJ in, down, and 
insert a wed\(e-HhajM*d piece of canvas about 
j in. wide and 2 in. long [31]. 

Tiie shoulder near the neck should be 
stretched. 

Slit the canvas two or three times round the 
armhole, then pare the former away } in. round 
the front and neck, and, before proceeding any 
further, roll the corner over the left hand, and 
tack with live or six long stitches on the right 
side, which will prevent the canvas from curling 
outward. 

Take a strip of linen cut selvedge-wise, 1 in. 
wide, which should be pressed with a hot iron, 
turn in J in. ; place the fold a shade beyond the 
canvas, baste to canvas from the bottom, 
holding the linen rather tightly for about 3 in. 
round the corner, as from a to /, in 80. 
Tack the linen on either side to the canvas. 
It must be remembered that this should be 
tacked rather tightly at the point at top and 
round the neck to within 1 in. of shoulder 
thread-marks. 

Press the linen stay, which has just been put 
on, round the front and also over the pocket. 
Place the cloth facing on the table with righc 
side uppermost, and neck to the left hand, put 
the fore part of coat on the top of this, keeping 
the edge J in. in from that of facing ; put one 
row of basting from bottom to shoulder to hold 
in position, and baste round the edges, taking 
care that the facing is eased at the comers from 
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a to / [30]. Stitch the edges J in. from linen 
stay. Take out the bastings, open, and press 
the scam on the narrow side of sleeve-board, 
cut away the edges to within J in., turn inside 
out, work the edges well under, using a bodkin 
for the corners to make them a nice shape, then 
baste round the edge on the inside, keeping the 
seam ^ in. in from the edge. This is very im- 
portant, and there must also be a tacking down 
the <;entre and along the raw edge [29]. 

The right front is made in the same way, but, 
before the facing is put on, an extra stay must 
be tacked on for the buttons. This should be 
a strip of canvas 2 in. wide, cut selvedge -wise, 
and long enough to hold the first and last 
buttons (in this case 13 in.). Baste to the 
front J in. from the edge, and J in. from the 
neck — it must be quite loose when basted on to 
the under part of canvas — then tack all round 
to the canvas [81]. 

Proceed now as for the left front, then place 
the two fronts together and see they are exactly 
the same length ; if not, they should be cor- 
rected, and any needed alteration made. Mark 
the spaces for the buttonholes, 4 in. apart, 
marking the first ^ in. down from the neck, and 
} in. in from the edge, in the same way as shown 
in 15. 

The holes must be worked on the left front, 
and i in. longer than the diameter of the buttons, 
to ^ow these to go through without any 
pressure [18, page llll]. Place the left front 
over the right, with the bar of the buttonholes 
touching the edge of right front, mark through 







ilie eyes ci the boks with » piece of pipeclay 
for th« buttons, which, however, shoula be put 
on last of all. 

Lining. We are now ready for the lining. 
Cut out the fronts, allowing } in. turnings on uie 
front, and the same amount of inlays on the side, 
as in the fore-parts of the cloth. The back must 
be cut large enough to allow a pleat, down the 
centre, of 1 in. — that is, i in. under and | in. over, 
to prevent any tightness across the back when 
fini^ed. 

Tack the fore-parts to the back, beginning at 
the top, placing the parts marked 1 and P 
together [ 15 ]. Keep the thread marks at the 
bottom even, and baste the seam J in. in from 
the thread marks. It is advisable at this stage 
to tack the shoulders together and to try the 
coat on, and to make any alteration that may 1)6 
required at the neck and armhole, either by 
taldng in or letting out. 

When this has been done satisfactorily the 
tacking should be removed from the shoulders, 
which will make it easier for stitching and pressing 
the seams. 

Stitch the side seams, remove the tackings, 
open, and press ; baste the bottom up to the 
threi^ marks, and serge [see Seroino, page 1111] 
to the coat, but the stitches must on no account 
show through. To avoid this, a No. 7 or 8 
tailor's needle and fine silk or cotton must lie 
used, and only a thread of the cloth must bo 
taken up on the needle. 


Remove the basting from the bottom, place 
over a damp doth (which must be wrung as dry 
as possible), and press round the bottom and the 
fronts. It is most important that the cloth 
should be nearly dry, or the mstorial will become 
spongy. 

Now put a linen stay on the back of 
pocket, securing it firmly aud tacking to the 
armhole [29 and 81]. 

Take the front linings, turn in the front } in., 
and place } in, over the* facing ; baste in position, 
keeping it easy both in length and wiath, and 
quite loose round the /Minhole. 

The BaicK Lining. Place the back lining 
with the pleat to the centre of back, keeping tliis 
also loose in length and width ; baste in position, 
turn in the side seams, tack down, and see that it 
fits well. Turn up the bottom a little over the 
edge of the inturn, and baste all round. Tack 
the shoulders (not the canvas or facing), and 
stitch ; remove the basting, open, ana press, 
stretching the shoulder towards the neck to 
fit the back. 

Ijay the canvas fiat over the shoulders and 
secure to the turnings ; lay the cloth fiat over 
the canvas and secure it to hold in position. 

Continue the linen stay from the left fore -part 
across the back of the neck, to the right ; tack 
the cloth over the bnen stay, serge to the shoulders 
and back, and press. Now fit the lining over 
the shoulders and tack, but it should not 
felled in till after the slaves arc inserted. 


Continued 




G«t>up 5 

OXYGEN AND OTHER GASES 

CHEMISTRY 

9 

Commercial Recovery of Oxygen. Oxygen and Life. The Atmosphere. 

Cont^iuod from 
pitge lltU 

Ozone and the Newly-discovered Gases. The Function of the Sea 


By Dr. C. W. SALEEBY 


Oxygen and Air, We must now make 
a systematic study of the most important 
element. We have mentioned it several tim^s 
for purposes of illustration. If we wore to 
adhere strictly to our treatment of the elements 
in groups, we should have to consider oxygen 
and sulphur togetlier. These two elemimts 
have considerable resemblances to one another, 
and should therefore always be associated 
in the mind of the student. But oxygen is so 
supremely irafKirtant, both as an ingredient of 
the air and in its relation to life, that it must 
always dominate our thoughts. 

As the reader already knows, it is a gas. It 
was first discoven^d by Priestley and Scheele 
about a century and a quarter ago ; its atomic 
weight is about IG, and it is thus slightly^ 
denser than air, of which it constitutes about 
one-Gfth. It may be prepared in small quantities 
by Priestley’s method of heating the red oxide 
of mercury, or it may l>o turned out of water 
by means of chlorine, or may bo obtained from 
its ve-rious compounds by means of electrolysis. 

Nov/adays, oxygen has attained considerable 
commercial importance. Since the process of 
combustion, or combination with oxygen, 
occurs more rapidly and produces more heat 
in the presence of pun* oxygen than in the pre- 
sence of air, the eh'ment is very frequently used 
in its pun^ form in many metallurgical opera- 
tions It is also largely used in ord(T to 
produce the brilliant light which is given out 
by superheated lime and which is called 
limelight. Its use in this connection has 
already l)eon explained. Furthermore, pure 
oxygon is now exUmsively used in medicine, 
for tiiere are a largo number of diseased 
conditions in which the inhalation of this gas in 
its pure form, inst<>ad of its ordinary inhalation 
diluted with nitrogen in the air, is of the utmost 
value. Hence it has become necessary to acquire 
some means of obtaining largo quantities of 
oxygen as cheaply as possible. 

Brins* Proceaa, The most important 
of the commercial processes is known as 
Brins’, and is easily explained. The oxide 
of barium is heaj^d in compressed air to 
a red heat, and is converted into the peroxide 
or dioxide, since under these conditions it 
takes up into itself a certain quantity of the 
oxygen of the air, the nitrogen of which 
escapes. Now, when the pressure is reduced, 
the extra oxygen which has been taken up into 
the peroxide is liberated again, and can be 
readily collected. Ti)e result of its liberation 
is to leave behind just the same barium oxide 
with which the process was started, and so it 
may go on again and again. Thus, the essential 
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materials for the process are merely air, which 
has no cost, and barium oxide, which can oe 
used over and over again, and hence the process 
is exceedingly cheap. The oxygen is stored 
at a high pressure in a steel cylinder to which 
a tube can readily be attached, and when a stop- 
cock is turned, the oxygen rapidly escapes. 
When the cylinder is being used in the sick-room, 
the noise mode by the escaping oxygen is' usually 
sufficient to indicate that it is escaping, but a 
simple test can l)e applied by placing a glowing 
match -end at the mouth of the tube. If the 
oxygen is escaping, the rapidity of combustion 
of the match will be so increased that it will 
immediately burst into flame. 

Oxygen is a colourless, tasteless, odourless 
gas, forming, as we have seen, eight-ninths of 
the weiglit of water, more than one-fifth of the 
volume of the air. and actually more than one- 
half the weight of the solid matter that forms 
the crust of the earth. It is the most widely 
diffused of all the elements. It has been 
liquefied and fro/.en by Sir James Dewar. 

Oxygen and Life. By derivation oxygen 
means the acid-maker, and its function in 
this respect has already l>een explained, but 
it might almost as well be called biogen, to 
indicaU* that it is the life-maker. Every living 
thing, without exception, depends for the pro- 
cesses of its life upon a continuous supply of 
oxygen. This fact is supremely important 
and must lx? carefully studied. 

Tlie students of living things tell us that there 
is a universal function which is common to them 
all and continuous in them all. This is termed 
respiration. There are no exceptions to this 
rule, though it was at one time thought that 
there might be certain exceptions. When the 
great French chemist Pasteur, the founder of 
the new science of bacteriology, came to con- 
sider the conditions under which bacteria, or 
microbes, as ho called them, grow, he found that 
they could be divided into two great groups — 
those that required air for their life, and those 
that required absence of air for their life. The 
first he called aerobic, and the second anaerobic. 
At first this looks as if the microbes belonging 
to the latter group were an exception to our 
general rule, for it is the presence of free oxygen 
in the air that arrests their growth ; but it was 
soon found that unless compounds containing 
oxygen he present in the materials in which these 
microbes grow, they immediately die outright, 
Tuough they cannot live in air, they cannot, on 
the other hand, live except in the presence of 
compounds containing oxygen, which they take 
from these compounds, thereby, of course, 
decomposing them. Hence it is true to say 
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tliat tJiere are no exceptions whatever to the 
universal rule that oxygen is the life-giving 
dementi There is also the fact that in every 
kind of living matter^ without exception, oxygen 
is invariably and necessarily found. It is a 
constant constituent of protoplasm, the “ phy- 
sical basis of life.” It is found in proteids and 
carbohydrates, afterwards to be studied, and 
though it is not a necessary ingredient of fats, 
yet it is invariably a constituent of the living 
part of the curious animal cells in which fat is 
stored. 

Ojtidation and Reduction. Now, the 
process of combining oxygen with any substance 
is called oxidation, and the process of removing 
oxygen from any substance that already con- 
tains it is known, as we have brieHy noted 
already, as reduction. Changes in these re- 
spects occur in a vast majority of all chemical 
processes, and hence these two word-i are of 
the utmost importance and convenience in 
chemistry. Henceforward we shall use them 
freely, and assume that the reader is familiar 
with them. He might expect that the opposite 
to oxidation would be deoxidation, and that 
word is sometimes used ; but the much more 
frequent use of the word reduction gives some 
indication of the importance of this element. 

Chemistry of Respiration. Now, let 
us look a little further into the question of 
the oxidation of living matter, which is the 
object of respiration. The products of this 
oxidation are extremely simple, and consist 
almost entirely of carbon dioxide ((X).j), and 
water (H.jO). But biological chemistry has 
discovered an extremely important fact rt‘gard- 
ing this process of oxidation. If we consider 
an ordinary speck of dead oxidisable material 
exposed to the action of the air, we find, as we 
might well expect, that it is its outside or its 
suHace which first shows signs of oxidation ; 
the central part of the material can only tie 
oxidised when all the outside is crumbled away 
in the form of oxide. But the case is profoundly 
different when we come to consider a particle 
of living matter similarly exposed to the air. 
Its respiration by no means consists of a mere 
oxidation of its surface. What happens is that, 
in some way which we are yet far from under- 
standing, the oxygen is taken up into the very 
substance of the living matter and then disposed 
of. But the reader must not imagine that the 
means by which human beings breathe is an 
illustration of this fact ; we are referring not 
to that obvious breathing, but to the real 
breathing which occurs when the oxygen is 
brought into contact with the living matter. 
What we are attempting to describe is true of 
every living cell, no matter whether it be a 
ceU of one of your muscles to which your blood 
is now conveying some oxygen just derived from 
the lungs, or whether it be such another living 
cell as one of the tiny microbes that exist 
everywhere. The point is that the living cell, 
whether it be an independent organism or merely 
a hnmlde part of a complex organism such as 
ig not at all oxidisea by the mere action of 
oxygen upon its surface, but first of all takes 


up the oxygen into itself, and distribuWH it m 
the most complete and intimate way. This ia 
the fact which wo attempt to express when we 
say that the respiration or oxidation of living 
things is itUro-ceuWar — that is to say, within the 
cells. But we may go further ; the facts 
show that before the process of oxidation 
actually occurs, the oxygen is actually tedcrui up 
by the very molecules of the living substance, 
which, indt)ed, have the most extraordinary 
power of retaining it when necessary, until 
there may bo need for tlio production of tlie 
energy which results from oxidation. Hence, 
we must learn the remarkable fact which is 
described as the intra-ntolerular respiration oj 
living protoplasm. When the living thing dies, 
the dead protoplasm, if exposed to air, continues 
to undergo oxidation. But that is of a very 
different kind. It is now merely the same 
oxidation, proceeding according to the ordinary 
ph 3 n 8 ical laws of inorganic nature, that is seen 
when the surface of any ordinary metal be^comes 
dulled by superficial oxidation. 

Oxidation and Growth. We must not 
be misinterpreted as stating that the laws 
of physics and chemistry ore not applicable 
in the world of life : we are mcitily insisting 
that there is a profound differcncic, which 
we are as yet very far from understanding, 
between the processes of oxidation that may be 
observed anywhere, and those infinitely mort^ 
subtle processes of oxidation which are the 
essential part of the vital function calltKi 
respiration. The wise reader will compare the 
facts upon which we have In^en trying to insist 
with the statements mnde in the course on 
Natural History [page 1351. It is there 
slated that, unlike the growth of living things, 
the growth of a crystal “ takf‘8 platJe) by the 
addition of layers to the exterior, the tnt(*rior 
remaining unaltered.” The reader will 
that the profound distinction there clearly 
stated is strictly consistent with the distinction 
which we have been trying to state here. He 
will guess that the reason why the living thing, 
unlike the crystal, can grow from within is the 
fact that it is able to undergo chemical changes, 
largely consisting of oxidation, within its very 
sutetance, and resulting, not merely in the 
“ growth ” of “ crystals of sugar-candy on a 
string,” but the true growth which implies 
development and the ac;complishmcnt of a 
purpose. It is its pow'er of ensuring and direct- 
ing intra-molecular oxidation that enables the 
living cell so to distinguish itself. 

Oxone. When electric sparks arc passed 
through oxygen — that is ‘to say, ordinary 
gaseous oxygen — there is formed the allo- 
tropic modification of it, which is called ozone, 
and which has already been described [page 693]. 
Its formula, we may remember, is O.-j ; and, 
in confirmation of this statement, it may be 
noted that three volumes of oxygen have been 
proved to form two volumes oi ozone, as one 
would expect, remembering the equation for 
the conversion of oxygon into ozone already 
given, and the remarkable law of Avogadro, that 
equal volumes of gases at an equal temperature 
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and pressure contain equal numbers of mole- 
cules. Ozone may not only be produced by 
the method above stated, but also during 
electrolysis, and, in small quantities, in the 
course of very slow oxidation processes, as, for 
instance, that which occurs when ordinary 
phosphorus is exposed to the air. At sufficiently 
low temperatures ozone is transformed into a 
bluish liquid, closely resembling liquid oxygen. 
Ozone is, perhaps, the moat inconstant of all 
the ingredients of the atmosphere. This is due 
to the fact that it is extremely unstable, for 
reasons that have already been fully explained. 
A sufficiently keen nose may recognise its 
p(;culiar odour, if its possessor goes out, for 
instance, into a very pure country atmosphere 
at night, aftt*r spending an hour or two in a 
smoky or badly ventilated room. In the open 
country, and at the seaside, ozone may readily 
Ik? doteett'd in the atmosphere ; but wherever 
there is a quantity of oxidisable organic material 
in the air — os, for instance, in towns and in their 
neighbourhoods — ozone is not to l)e found, 
since it is decomposf^d, and ordinary oxygen 
formed by the reducing action of such organic 
matter. In all probability ozone cannot be 
breathed, and is as irrespirable as if it had 
nothing to do with oxygen. The public gener- 
ally believes that it is a good thing to breathe 
air containing ozone ; so it certainly is, but not 
in the smallest degree for the reason that the 
ozone is of itself of any value as a gas to breathe, 
but ho(?anse its presence in air is a proo! that the, 
air iff pure, the simultan<*ous presence of organic 
dirt (gasf'ous or other) and of ozone in air being 
imposKii)le, owing to the great activity of this 
gas as an oxidising agent. Various medical 
experiments have bt^on made in order to test 
th(' utility of ozone, and the statements above 
made may Ik? regarded as accurately summing 
up the general conclusions to wiii(?h those 
exp<?riment8 lead. In cases of illness there is 
often very good reason to increase the j>ercentage 
of oxygen in the air that the patient breathes, 
but the intentional addition of ozone to it is 
unnecessary, and depends on an incorrect 
explanation of the superiority of sea to town 
air. As we have observed, the presence of 
ozone in the former is of value, not in itself, 
but as on index and proof of purity. 

The Atmosphere. By far the most 
important constituent of the atmosphere, from 
our point of view, is oxygen, though about 
four-fifths of it by volume is composed of 
nitrogen : the percentage of carbon dioxide is 
’04. In addition, there is always a certain 
amoimt of water vapour, and traces of various 
compounds containing nitrogen. Until late 
years the foregoing would have been, more or 
less, an adequate account of the chemical 
composition of the air, but it is now known 
that the air contains a number of other gases 
which are of very considerable interest. If the 
air were a compound, the presence of these 
gases must have been detect^ long ago ; but 
since the air is not a compound, but merely a 
mixture of gases, it is easy to understand how 
the presence of these recently discovered gases, 
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which occur in only very small quantifies, 

came to be overlooked. 

The Diecovery of Argon. The initial 
discovery was made by Lord Rayleigh, who 
has recently been elected President of the 
Royal Society. In discussing this very in- 
teresting subject we shall follow very care- 
fully the statements and, where possible, the 
actual words, of Lord Rayleigh himself. He was 
U?d to the now universally admitted discovery 
of the new gas argon in the course of some 
investigations regarding the densities of the 
mo.Ht important gases — hydrogen, oxygen, and 
nitrogen. He found that different results wore 
obtained by different methods of experiment, 
and it became apparent that the differences 
were not due to accident or errors of observation, 
but, as h^says himself, “ that the complication 
depended upon some hitherto unknown body, 
and probability inclined to the existence of a 
gas in the atmosphere heavier than nitrogen 
and remaining unacted upon during the removal 
of the oxygen.” This was the means by which 
Lord Rayleigh, with the aid of Sir William 
Ramsay, the Professor of Chemistry at I'ni- 
versity (,’ollege, London, was enabled to 
announce to the British Association in 1894 the 
discovery of a new gas in the atmosphere, 
though ” for more than one hundred years 
before 1894 it had been supposed that the 
composition of the atmosphere was thoroughly 
known.” This new gas was named argon^ 
which is a Greek word meaning lazy, in order 
to indicate the fact that it is chemically very 
inert and has no tendencies to unite with any 
other substance. This chemical inertness of 
argon is, of course, one of the reasons why it 
wiis so long in being discovered. It is, perhaps, 
worth noting that certain chemists inclined to 
the view that argon is a sort of condensed 
nitrogen having the formula N..^, just as ozone, 
with the formula O.^, is a sort of condensed 
oxygen. But that view is entirely disproved. 
Argon is unquestionably an element, and 
possesses a very characteristic spectrum |seo 
Physics]. Its atomic weight, according to 
various investigations, is very nearly 40. So 
inert is this element that there is still no definite 
evidence of the preparation of any compound of 
it whatever, despite a very large number of 
attempts to produce such combinations. 

More New Gases. This discovery, how^- 
ever, like so many others that have been at 
first questioned, has not only been established, 
but has led to many more, which stand to the 
credit of Sir William Ramsay. Argon, so long 
unknowm, actually constitutes nearly one per 
cent, of the atmosphere. Contrast this with the 
tiny proportion of carbonic acid. But there 
have now been isolated from the original argon, 
so to speak, no less than four, other elements, 
and probably five. The four m which we may 
be certain are called neon (Greek for new), 
krypton (Greek for hidden), xenon (Greek for 
stranger), and, by far the most interesting of 
all, heliumy the name of which is derived &>m 
the Greek word for the sun, and was given it for 
the reason that, as we already noted [page 839], 



CnklMiSTIIV 


this most remarkable element was discovered 
in the sun before it was found on the 
earth. Helium must be discussed at a much 
greater length when we come to consider a still 
more remarkable element, radium. The per- 
centage of these gases in the air is extremely 
minute, and, according to Sir William Ramsay, 
probably the volume of all of them taken together 
does not exceed ^^th part of that of the argon. 
Now, the remarkable fact which is common to 
all these five new constituents of the atmo- 
sphere is that not one of them can l)e made to 
combine with any other substance whatever — 
in fact, they are all as “ lazy ” as argon. Each 
of them has its ora characteristic atomic 
weight and spectrum, but we need not concern 
ourselves with these. The really interesting 
thing is the existence of these five elements, 
which seem, so to speak, to isolated in 
Nature ; more especially because we have 
reason to Mieve in a periodic law which declares 
that all the elements are related to one another. 

The New Gaaes and the Periodic 
Law, Now, one of the most important facts 
which are demonstrated by the periodic law is 
that the succeeding groups of elements show a 
regular progression in the number of atoms of 
other elements with which one of their own 
atoms is able to combine. This property is 
(■ailed mlenri/, and will be considered later. 
For instance, group one of the elements includes 
those whose atoms are able each t(j unite with one 
atom of any other similar element. Hydrogen 
and sodium, for instance, belong to this group, 
and are hence called monovalent — that is to say, 
their valency is one. Oxygen, again, lx‘longs to 
the second group, and its valency is two. The 
Ix'st illustration of what is meant is furnished by 
the formula of water, which is HoO, indicating 
that it needs two “ one-handed ” hydrogen 
atoms, so to speak, to unite with one “ two- 
hand 3 d ” oxygen atom. This is enough to 
enable us to understand valency so far as 
we need at present. Now, what is to be 
done with a group of elements which are 
incapable of combining at all — elements which 
have no valency ? Plainly, if the periodic law 
be correct, they must form a group nothing, or 
zero, which must fit into the table with all the 
other elements. Now that is exactly what, 
indeed, these elements do ; directly we discover 
their atomic weights, wc find that they naturally 
fall into the very places which theory would have 
predicted for them, and they now form the zero 
group of Professor Mendeleeff’s latest table, 
published in 1904. 

For a consideration of a large number of other 
important facts concerning the atmosphere, the 
reader must consult the course on Physics. 
There is little more of importance to be said 
concerning the chemistry of the atmosphere, 
though very much that is a matter of life and 
death might be said if we were discussing the 
subject of ventilation [see Physiolooy and 
Health]. The necessity for ventilation depends 
upon the fact that the presence of living thinfpi 
in the atmosphere alters its composition to their 
disadvantage, so that, if they do not move 
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to fresher air, fresher air must be brought to 
them. 

The History of the Atmosphere. 

If we recall the teaching of geology and astro- 
nomy, telling us how the earth was once too hot 
to sustain life, we shall see that the mixture of 
gases that covers the solid surface of the earth, 
and that we familiarly call the air, must hav(‘ 
had a very interesting history. According to 
one widely accepted theory of the earth’s origin, 
all that we now know as the solid earth, and all 
the liquid matter that now tills the ocean- beds, 
was once gaseous. The* gases of the atmospla re 
are simply coinf)osed of those particular elements 
which are gaseous at the present tem}K*ralurc 
of the earth’s surface, which have not entered 
into complete combination with the solid matter 
of the earth s crust, and which have not been 
whisked away into space by centrifugal force 
[see Physk’s], this lx*ing the fate that is suj)pose(l 
to have befallen the former atmosj)here of the 
moon, and sonje of the lighter constitutents of 
our own atmosphere. Now. in the f)aHt, when 
the earth’s Umijx'rature was much higher, and 
when many other conditions were diOcrent, it is 
more than probable, for instance, that — long 
before man ap|H3arcd — the proportion of carbon 
dioxide ((X).,) in the air w as much higher than it is 
at present. This would account for the extreme 
luxuriance of vegetation, to which every lump 
of coal Ix'ars witness, the carbonic acid of the 
air bc‘ing one of the most important constituents 
of the food of plants. Again, it is quite certain 
that, at a very much more remob^ |x'riod, which 
must certainly date ba(^k tens of millions of 
years, the tem|K‘ralurc of the earth’s surface was 
so hot that water could not occair in its iicpiid 
form. At that time onc^ of the most important 
and abundant lionstituents of the earth's atmo- 
sphere was gaseous water, or water vajiour. 

T^e Future of the Atmosphere. 
Whatever the past history of tlu^ atmosphere 
may have lxH*n, w'c can scarcely fail to lie 
interested in the question of its future, upon 
which the continued existence of the human race 
certainly dejxnds. It seems at first sight (juite 
evident that there is taking place a v(!ry serious, 
though admittedly very slow, change in the 
chemical composition of the atmosphere, dcjwnd- 
ing upon the respiration of the countless living 
things, animal and vegetable, w'hieh de[K;nd upon 
it for their life. What is continuously hapix-ning 
day and night in the ease of every living thing, 
without exception, including, for instance, the 
writer as he forms these words? His body is 
undergoing a series of chemical interehangcjs 
with the atmosphere, the essential upshot of 
which is that the air around him >x?eomes f>oorer 
in oxygen and richer in carlionic acid. Now this 
process of respiration and its consequences are 
common to every living thing, always and every- 
where. Hence there appears to be no choice 
but to believe that the percentage of carbonic- 
acid in the air is slowly increasing, and that of 
oxygen slowly diminishing. Meanwhile, the 
students of health remind us that when the 
percentage of carbonic acid in the air goes any- 
where al&ve *06 such air becomes more or less 
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potflonaus to animal life in general, including the 
life of man. Are we then to believe that the 
carbonic acid in accumulating, and will (continue 
to accumulate, gradually filling up the valle}^ 
and low 'lying aiHtrict« in consequence of it« 
greater weight, and gradually driving human 
beings higher and higher, until the last man.'* 
gasping for air on some moimtain peak, joins his 
fellows who lie drowned in the sea of carbonic 
acid Ixmeath him ? 

A Compenaatory Action. Now, in 
the first place, wo must notice that there 
is a comfKinsatory action, which is of con- 
siderahlc importance — namely, the action of the 
green plant, under the influence of sunlight, in 
tlecomposing the carlionic acid of the air, retain- 
ing the carbon and giving back to the air free 
oxygen again. This process, however, cannot 
Hufiice to dispose of the picture we have suggested, 
even apart from the fact that its value is largely 
neutralised, since even the plants that perform 
this function are also necessarily performing 
the opposite function of respiration. There is 
another fact of the very greatest importance, 
which is of only comparatively recent discovery, 
and which is of great importance to the theorist, 
and of inc'alculable imf>ortance in relation to the 
future of the atmo^here. 

A Function oi the Sea. In a previous 
erhaptor we briefly noted, in reference to the 
existence of double compounds, that the many 
salts of sea-water exist in a somewhat peculiar 
state. If we take a sample of sea- water and 
prcx'ced to analyse it according to the usual 
methods, w'o find that it contains such and such a 
IK^rcentage of sodium chloride, another percentage 
of salts of magnesium, and so forth. Hence, we 
night sup^Kisc that thew salts exist in definite 
form, and in definite proportion in sea-wiiter ; 
hut it is not so. Wo know now that the salts 
of sea-water mainly occur, not at all in definite 
states, but in states which constantly vary and 
differ, according to the physical conditions — ren- 
ditions such as the temtierature, the pressure of 
the atmosphere, the (>artial pressure of the various 
gases in the atmosphere, and, indeed, all the other 
jihysical conditions that occur. It is the new 
Hciimce of what is often called physical chemistry 
that is teaching us how exactly to correlate such 
physical conditions with the facts of chemical 
combination and union. 

Now, if the reader remembers our former dis- 
cussion of the carbonate cmd bicarbonate of 
calcium, and the formation of stalactites and 
stalagmites, he is already completely prepared 
to understand the most important function of 
the sea in regard to the composition of the 
atmosphere. He will remember how an extra 
proportion, so to speak, of carbonic acid is some- 
times added to carbonate of calcium, converting 
it into the soluble bicarbonate, and how, under 
certain physical conditions, such as occur when 
water, charged with bioarlK>nate, drips through 
the roof of a cave, the extra carbonic acid is 
given off to the air, and the insoluUe carbonate 
is precipitated or solidified from out of the water. 


Now, a parallel series of changes oootirB in certain 
carbonates of sea-water, more especially the 
carbonate of magnesium. In sea-water there 
occurs a certain amount of this salt in a more or 
less stable state, and also a certain quantity of 
the bicarbonate of magnesium. 

But, as we have already seen, there is reason 
to believe that the proportion which these two 
salts bear to one another in sea-water depends 
strictly upon the physical conditions which 
surround them, the most important of these 
conditions being the percentage of carbonic acid 
in the air above the sea [page 1169]. 

There is thus an automatic, self -regulating 
mechanism by which the oceans are enabled to 
preserve the constancy of the proportion of 
carbonic acid in the air above them, and not 
only so, but the winds, and that property of 
gases which we have described as diffusion [see 
Physics], ensure that the consequences of this 
process extend also to the air of the land. Of 
course the discovery of this process is very far 
from enabling us to reach any positive 
conclusions as to the more immediate future of 
the atmosphere. It is evident that the mere 
absorption (in the form of bicarbonates in sea- 
water) of the extra carbonic acid which is being 
constantly added to the atmosphere by the 
respiration of all living things, and also by every 
kind of combustion initiated by man for his 
ow'n purposes, is by no means equivalent to an 
al>8olute compensation for this process. All 
that it accomplishes is to hide the consequences 
of the process. 

Tendency of Chemical Change. There 
is thus raised the further question, which 
cannot be considered here, as to the ultimate 
consequences of the fact that the overwhelming 
tendency of all the chemical processes that 
occur on the earth is in one direciion — a 
direction which is well indicated by the union 
of carbon and oxygen to form carbonic acid. 
The essential consequence of this union is 
the dissipation of the potential chemical 
energy [see Physics] of the carbon and of the 
oxygen in the form of heat energy or kinetic 
energy, which is scattered and, for practical 
purposes, lost, though, of course, it is not 
annihilated. Hence, in considering the future 
of the atmosphere, we are led on to the study 
of the remarkable and vastly important theory 
called by its author. Lord Kelvin, the theory 
of the dissipation of energy. 

So much, then, for our chemical discussion 
of the atmosphere, of which, from our point of 
view, the oxygen is the essential constituent, 
the carbonic acid a source of some apprehension, 
and the large proportion of nitrogen merely a 
means of minting the oxygen, which would 
otherwise be too active for our convenience. 
We have now to remind ourselves that, 
when the elements are considered in groups, 
there is good reason for considering sulphur 
and oxygen together, and wre must there- 
fore pass on to discuss this other important 
element. 


Continued 



Gi'Oup 25 


ORGANS OF RESPIRATION PHYSIOLOGY 


The Nose, Lung;8, and Thorax. The Process of Breathing^. Inspired 
and Expired Air. Production of Arterial Blood. Abnormal Brea^ingf 


By Dr. A. T. SCHOFIELD 


CoutInuiKl from 
pHgo IIRU 


*TT1E respiratory organs include the nose. 
^ mouth, larynx, windpipe, lungs, and pleura, 
■with the nerves and blood-vessels l>elonging to 
them. 

The Nose. We are aware that the nose is 
not generally included in this category, and the 
omission has led to serious results. The sense 
of smell has been considered so exclusively the 
sole function of the nose that if any child were 
asked “ What is your nose for ? ” and it were to 
answer “ To breathe -with,” the reply would 
create great astonishment. Yet this is un- 
doubtedly the primary function of the nose, 
and all inspired air should pass through it. 
Indeed, it is because it is so designed that the 
olfactory organ is situated in the upper part to 
catch the odours the air may carry — a ust^less 
position if all the air is intended to enter 
through the mouth. Not only, however, is 
this not the case, but all animals and savage 
men breathe througli the nose alone ; and it is 
only as a product of civilisation that we have 
the spectach* of men and women going about 
with the mouth o]x*n and inspir- 
ing through it. So common is 
the habit in this country that. 
we found on investigation 

about half the j) 0 })ulation ^ p 

inspired through the mouth. 

Air breathed through the 
mouth IS raw, cold, laden 
with germs and the filthy 
dustof streets and rooms, 
thus drying the tongue, 

causing sore throats and JS/f 
snoring, and clogging 
and poisoning the lungs. 

Air breathed through larynx, t 


61 . LARYNX, TRACHEA, BRON<'III 


save just in the act of swallowing, when it shuts 
down as the tongue is carried backwards. 

The mouth serves for expiration equally well 
with the nose, the special function of which is 
inspiration. 

Passage of the Air. The air, then, enters 
by the nostrils (you can see how they act if 
you watch a horse breathing), and passes back- 
wards througli the posU^rior naros (nostrils) into 
the throat, and then down through the epiglottis, 
which is open, into the larynx, or voice box. 
The air, passing through the larynx, then t‘iit(‘rs 
the windpipe, which is called the trachea, 
lH‘cause it fei'ls rough outside on afTount of the 
lb to 20 rings of gristh* that surround it. This 
pipe is an inch in diameter, and 4^ in. long. 
Just liehind the hreast-boni' it dividi's into tla^ 
00 right bronchus (almost horizontal) and 

« .chuH (almost vertical) [61]. 

ngs. Each hronrhus runs 
— the two bronchi and the 
Hiking just like two liug<‘ 
dug on two stout hranehes, 
nelii forming stalks to the 
Ti)(* right lung, weighing 
; oz., is in three' lobes, and 
e left, weighing 10 oz., is in 
*'o lobes. WJien the bronchi 
it(T the lungs they rapidly 
vide and sulidivide, (‘.\aetly 
ic the hranehes of a tree, 
until at last the twigs 
g(‘t very small (only one- 
■ forti(!th of an inch in 
diameter). Eacli tiny 
twig then ends in an air- 
cell one-fiftu‘th of an 
” inch in diamcte.T, somc- 

CHEA, BRON<’iil wliat. the shape* eif a 


ihn nnsp «• Hyoid Bone. />. Larynx, r. Tradwa. //. Left BronediUR. .... onlvthe OUtsido 

the nose "^^rmca, ,, /. Larger Bronchial tube*. SmalleT only uie ouiHiue 


moistened and cleaned ‘ Bronchial tube. 

80 perfectly from all 

germs and filth, that not one microbe passes 
do-wTi into the lungs. 

The nose, therefore, is the first respiratory 
organ. Its passages are tortuous, and yet free, 
lined with stiff hairs to intercept foreign bodies, 
and with ciliated epithelium, that catches all 
the dust. An abundant blood supply keeps its 
passages warm, while a free secretion of mucus 
keeps the air moist. The posterior nostrils are 
twice the size of the anterior, and through them 
the air passes behind the soft palate down the 
larynx. The vocal cords, in a quiescent state, 
afford a free and silent passage for the air to 
and fro in breathing ; only when used for 
vocalisation is the passage of the air obstructed. 

The top of the larynx can be closed tightly by 
a lid called the epiglottis, but it is never closed 


Bronchial tube. A. (’cHh of LungH 


CellH of LungH iH 7i(tt Hwooth, hut lik(‘ a 

raspberry or blackberry 
[62]. A hunch of these ciills fixed on the little 
air twigs looks very lik(^ a bunch of grapt*s. 
When the air gets as far os this, its further 
progress is stopped. Tiie ouU^r sides of these 
air-cells are covered with such myriads of 
blood-capillaries that it is said that if those 
in the lungs alone were stretched out in one 
straight line they would reach from here to 
Am ‘rica. These capillaries differ from those in 
the body, for those brought food to the cells and 
took away the refuse ; they gave up all the fresh 
air from the corpuscles to the body -cel Is, and 
took away carbonic acid gas. These bring the 
bad air and take away the fresh. The red 
corpuNcl ;8 that arrive here laden with carbonic 
acid gas, and of a dark colour, thus have them 
filled again with oxygen, and changed to a bright 

1?99 


PHVltfOLOQV 


red colour. The walls of the capillaries and of 
the air-oells are so thin that the oxygen from 
the air can easily pass out of the cells into the 
blood, and the carbonic acid in the corpuscles 
can easily pass out of the blood into the air. All 
animals inspire oxygen and give out carbonic 
acid gas ; and in all there are lungs, or the 
principle of a lung, which consists essentially of 
a thin membrane with air on one side, and blood 
in small thin vessels on the other. The gills of 
a fish, for instance, are formed on 
this principle. The water, with air 
dissolved in it, has free access on one 
side to a thin membrane on the other 
side of which the blood circulates. 

The blood, thus purified, then 
returns by the four pulmonary veins 
to the left auricle of the heart. Both 
the bronchi, the bronchial tubes, and 
the windpijie are lincKl with ciliated 62. terminal air cells to the backbone and in front to the 
efiithelium, the hairs of which are op llno breastbone, hang down like the iron 

always waving upwards towards the a. Small air tube. h. Ter- handle on the side of a bucket. Now, 
throat, and so pass up any ^ains "**““* **^*^ Bnmiler if you raise such a handle, it not only 

of dust that may be breathed in. moves up\^ards, but outwards. The 

Those bunches of air-cells, then, are all matted same takes place with the ribs — and, in addition. 



muscular and nervous, of respiration. The 
force expended in opening the cnest in inspira- 
tion each day is enough to raise the person the 
height of St. PauFs, said is thus only about one> 
sixth of the force spent in the circulation. The 
surface of blood that is exposed to the air [ 64 ] 
at each breath in the thin nlm in the capillaries 
outside the air-cells is equal to about fifty-six 
square yards. 

Breathing consists of two acts — inspircUion 
and ezpircUicm. Inspiration is a forced 
muscular effort performed by three 
distinct sets of muscles — those that 
act on the ribs, those that act between 
the ribs, and the diaphragm, which is 
the floor of the thorax. 

In inspiration the chest-cavity is 
made broader, longer, and deeper. 
When at rest, the ribs, hinged behind 


together by fibrous tissue, blood-vessels, and 
nerves, into the spongv substance we call lung. 

The Pleura and thorax. Covering each 
lung with the double folds of an empty bag, 
after the fasliion of the ptTicardium round the 
heart, already descrilnid, is the pleura, right and 
left. The ouUt layer of the bag (the parietal 
layer) adheres to the inner side of the thorax or 
clu^t wall, lining it with a smooth and glisUming 
membrane. The inner layer (the visceral) is 
equally adherent to the lung, which lies close 
against the chest w'all. B<*tween 
the two layers is a little fluid that 
lubricaU'S the two surfaces and 
enables the one to glide upon the 
other in the incessant movements 
of respiration, without friction and 
w'ithout noise, thus performing the 
W'ork of a universal joint. 

So much, then, for tlie structure 
of the respiratory organs. The 
thorax it-self [68]. which is filled by 
tlie heart and lungs, and large 
vessels, consists of a dome-shajH^d 
cavity, closed in at the top by the 
ril>s and fleshy part, the only 0 }>en- 
ing into the lungs being through 
the windpipe. Its back is formed 
by the spinal column, its movable 
sides by the ribs, which are each 
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the sternum, or breastbone, being movable, rises 
forwards as well, and thus the chest is made 
broader and deeper. It is mode longer because, 
when at rest, the diaphragm muscle forms an 
arched floor, that rises like a dome into the 
thorax, and on which the lungs rest. As this 
muscle contracts it flattens the floor, pulls the 
lungs down, and so makes them longer from top 
to bottom. 

The muscles that raise the ribs are in twn sets — 
those that act on the ribs and those that act 
between them. The upper ribs are 
pulled upwards by muscles passing 
down from the nock. 

Between each rib is a double 
layer of muscles, crossed like an x ; 
they are called the intercostal 
muscles, because they are between 
the ribs [66]. The top ribs being 
fixed 08 these contract, they tend 
to raise the lower rib, to w'hich 
they are attached ; and thus, by 
acting together, all the ribs are 
elevated. 

Tliis constitutes the movement 
of Inspiration. 

In Expiration, the chest returns to 
its original size without effort. 
enclosing jg caused by elastic 

recoil. The lungs are full of elastic 


joinUMi behind to the backbone, 1 which is stretched when 
and the upper sev^’en pair in fremt rf. Paited cartilages ^ upper false the lungs are expanded ; and, as 
to the breastbone. The next three Floating riba goon gg the muscular effort ceases, 


are each joined by cartilage to the pair above 
them, whilst the last two are free in front. The 
lungs are thus shallow in front (down to the 6th 
ribs), and deep behind (down to the 11th) The 
floor of the thorax is formed by a strong mm ole 
(the diaphra^) stretchii^ right across the body, 
slanting downwards behind, through which 
blood-vessels and gullet pass. 

Mechanism of Roopirmtion. We will 
now proceed to consider tha mechanism, 

laoo 


the elastic force is so great that the lungs pull 
the ribs down again, and pull up the floor of the 
diaphragm [66]. 

You will notice when you draw in a breath 
that the abdomen swells out. This is caused 
the contraction of the diaphragm, which 
presses all the digestive organs down and makes 
them bulge out the walk. In expiration the 
abdomen gets flat again, as the floor rises once 
more. 
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The force required to stretch out the elastic 
tissue in ordinary inspiration is equal to 170 lb. ; 
and the total d aly force used in respiration is 
21 foot tons. 

The Nervous Mechanism. The ner- 
vous mechanism of rt‘spiration is of gixiat 
practical interest. There an^ two great centres 
in the brain where respiration is controlled — 
the one in the Conscious region, under the 
control of the will, and hence voluntary^ ; the 
otluir in the l^nconscious rt'gion, involuntary, 
and governed by the unconscious mind. 

The Muscular Mechanism. The 
movement of the muscles is controlled from 
these centres by various nerves, notably^ the 
pneumo-gastric. 

Practically our breathing is under our own 
control up to the point where life is involved. 
We can breathe in any manner and at any rate 
wi^. please. Wei'o it not so, speaking would 
l)c*coine impossible. Wo can also hold our 
breath up to a certain point ; but when life is 
beginning to be threatened the other involuntary 
(cntre comes into play, and 
strong(‘st effort of will, 
forces us to breaf lie. This 
is a incTciful and neces- 
sary provision to safe- 
guard us against our own 
folly, and is paralleh^d by 
many similar facts in pro- 
tective physiology. As 
it is, suiciucs arc far too 
common ; hut imagine the 
loss of life, if every time 
on“ were vexed or des- 
perate and wished to die moss section 
one had only to lie back turotkoi eenu 
in a chair or bed and hold substance, snowiNO 
one’ breath ! Why, capillary network 
thousands would die i. iiiood-veBHei 
every week. But this m 
not possible on account 

of the unconscious control of respiration. 
This control also acts continuously when w^o 
we are not thinking of our breath at all. None 
of tlie vital processes require our constant 
attention ; yet with some we are allowed to play 
up to the point of danger, but no farther. 

Respiration of Men and Women. 
We now come to consider different types of 
respiration, a matter of great interest. 

It has always been observed that the sexes 
breathe differently, and it has been thought, and 
laid down in text- books, that the difference is 
a part of the many distinctions between men 
and women. 

Children of both sexes up to puberty were 
observed to use all their ribs in expansion, and 
the diaphragm by descending in inspiration. 
But fi'om this age the types began to diverge. 
Girls and women breathed increasingly with 
ribs only, the diaphragm remaining stationary, 
and very many women with the upper six pairs 
of ribs only. Men, on the other hand, Umded 
to breathe less w^ith their ribs, and more by 
descent of the diaphragm. 

It is now discovered that this variation is 
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chiefly due to the difference of dross, and that if 
a woman l>e always dressed as a man she 
breathes in the same way. Diaphragmatic 
breathi^ involves a change of two or three 
inches in the circumfereene of the waist, and 
when this is enclosed in a rigid dress-band 
somewhat smaller than the least waist size (to 
say nothing of corsets), it is evident that move- 
ment of the diaphragm becomes impossible. If 
the corsets be at all rigid, the lower ribs also 
become fixed, and the whole strain of inspiration 
is then thrown on the upixT half and most 
delicate part of the lungs, the place indeed 
where consumption almost invariably Ix'gins ; 
while the stationary lower half is a favourite 
seat of congestion. This is bad enough in 
quiet life, but in active exercise, such ns games 
and dancing, it becomes positively dangerous. 

Man. on the other linnd, having never had a 
rigid waistband, breath(‘s abdominally, and 
d(K‘s not move the ribs so much, as all hard work 
with the arms reipiircs the cliest wall to he 
more or less rigid. 

Of coursi* the reason why the waist expands 
HO in abdominal n^spira- 
lion is because thedesc(*iit 
of the diaphragm pressi's 
down the visiicra and 
l>iilg(‘H out tlie walls. 
Hence, in thosi^ aeciis- 
lomed to hreatlio thus, 
when there is anydistim- 
sion in th<i abdomen, Iht^ 
briiatli gets emhaiTassed 
b(‘cauHe the diaphragm 
cannot d(;sc(^ud. 

Changes in Re- 
spired Air. Wo must 
now consider the air that 
is l espired. We only take 
our solid and liquid meals 
tliree or four times a day ; 
our air-meals, or breatli, 
we hav'c to take 17 times a minute! The air we 
breathe (if pure) consists of one part of oxygen and 
four parts of nitrogen, with just the least trace only 
of carbonic acid gas. The nitrogen is only us(hI to 
dilute the oxygen, as water is used to dilute brandy, 
for the oxygen would be too fiery without it. 
Oxygen supfKirts combustion, and enables all sub- 
stancc.s to bum, but w ill not bum itself. Tlie heat 
of the body is kept up entirely by a proce.ss of slow 
combustion. Rapid combustion produces a flame, 
as when gas bums in air ; slow comVjustion 
produces .^mouldering, as in the end of a match 
or cigar, or a red-hot poker. But there is a sIowit 
combustion that only jiroduccs heM, as when a 
little sulphuric acid (oil of vitriol) is poured into 
a glass of water. There is no flame or burning, 
but the water gets quite warm. This is the 
sort of combustion that takes place in the body. 

Oxygen not only keeps up the fires of life ; it 
also renews the material. All the body-cells con- 
tinually mxjd it to repair their tissues, and here 
also it is slowly used up. 

Respiration goes on, however, not only to 
supply the body with oxygen, but to get rid of 
the carbonic acid and water that is produced 
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W the (xmibugiton and the waate of the cells. 
The solid part of oell-refuse is called urea, and is 
carried of! in the urine by the kidneys, together 
with a great deal of the water ; but all the gas 
and part of the water are carried off by the lungs 
in the process of respiration. The skin does a 
little respiration also — about 
done by the lungs. 

Good Air. It is of the utmost importance 
that the air we breathe should be pure. The 
food we take has often to be brought great dis- 
tances to get it good and pure, but we are always 
obliged to breathe the air that is close around us ; 
so wo should never live or sleep in close, impure, 
unventilated rooms. If we do, we cannot be 
healthy, for we cannot get pure air to breathe. 

If we breathe the air in a room where a 
number of people are crowded together, it is not 
only full of jxnHonom cmhonic acid gas from their 
breath, but full of decaying 'fmrticles of animal 
matter giv(m off from the skin and lungs of so 
many fM*ople. 

'Hie air we in8[)ire, as a rule, is fairly dry, cool* 
or cM : is full of dvM^ and other partiol(‘8, and 
\h composed of one jjart of oxygen and four parts 
of nitrogen. Tlie air is drawn into the lungs 
by their Inung stietched out and made so much 
larger by muscular effort that a 
vacuum is })rodueed, and the 
air ruHh(*8 in to fill the space. 

The amount of air taken in 
at an tad inary breath is 20-110 
cubic inches. I'his is called tidal 
air* for it goes in and out like 
the tide. If you take a very 
deep breath, you can draw in 
100 cubic inches more, which 
is calk'd extra, or comjdimental 
air. Now, when you have ex 
pired this and the tidal air, if 


EjciHred Air. Expired air differs in every 
way from inspired air. The analysis of the two 


is as follows : 

Inspired Air: 


CO2 

N 

O 


•04 

79*15 

20-81 

100*0 


Expired Air: 
Ammonia and 
org. salts 
CO^ . . 

N 

O 


*4 

4*1 

79*5 

16 


100*0 



66. THE INTERCO.STAL MtTSCLES 
Sternum. 2. (’artilajreR. 8. Ribs, 
junction of iil>s with curtllaues. 5. Externu. . .. . . ... 

vou breathe out very hard you lutercostal muscles. 6. Internal intercostal breath uniting with the lime in 
ean oxpin) another' 100 cubic muscles (laid bare on the left) the water. 


In short, four parts of oxygen are replaced by 
four of COo. 

Expired air is hot, about blood-heat, fvU of 
water, contains no dust, but much decaying 
animal matter, a considerable amount of carbonic 
acid gas, less oxygen, and the same amount of 
nitrogen. 

You can prove this by experiments : 

1 . To show it is hot. Breathe on the bulb of a 
thermometer, and you will see it will rise to 
about blood-heat. 

2. To show it is full of water. Breathe on a 
cold looking-glass, or the blade of a steel knife, 
and you will see it is soon covered with drops 
of water. When the air is cold, you can actually 
8ee the water vapour coming out of your mouth 

or a horse’s nostrils. 

3. To show it contains carbonic 
gas. Buy a little lime-water, 
or make it by mixing quick- 
lime with w^ater, letting it 
stand, and pouring off the clear 
fluid, which is lime-water. 

If you breathe through apiece 
of tul)e into this water it will 
soon liecome milky, owing to 
the forming of chalk, which is 
carbonate of lime, and is made 
by the carbonic acud of the 


in 'lies of air, called re.serv€ air, and then, 
when the last particle of air has been breathed 
out, there still remain, far down in the air- 
cells, 100 cubic inches of fixed or residual air 
that never leaves the lungs. 

You will easily understand that if the lungs 
hold ordinarily 230 cubic inches of air, and 
can be made to hold 330, the 30 we breathe in 
and out only just moves the air in the larger 
tul)e8, and never reaches the air-cells at all. 

'llie wonder, then, is how the fresh oxygen 
ever gets to the blood if the air-cells and smaller 
tul^ are always filled, as the depths of the ocean 
are with water, with an air that never moves. 
Taia is duo to the law of diffusion of gases, by 
which any two different gases brought together 
at once change places. 

When we draw a breath in, charged with pure 
oxygen, the fixed air beneath in the cells, full of 
cartonio acid from the blood, at once gives up this 
gas in exchange for the oxygen, while the nitrogen 
never moves at all. W^ere it not for this law, fiwh 
air would never reach the blood at all. We quite 
understand that carbonic acid gas is not made in 
the lungs, but all over the body, and all that takes 
place in the lungs is its exchange for oxygen. 
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About half a pint of water and half a pound of 
solid carbon passes out by expiration each day, 
as well as a great deal of body heat. These 
amounts increase during life from 1 to 30, 
remain stationary from 30 to 50, then slowly 
decrease. The CO^, expired varies in proportion 
to the amount of muscle waste from work done. 

W’ith quick breathing, rise of temperature, 
and in the autumn, the CO.^ is less. In the 
apring. and under opposite conditions, it is more. 

Of 100 parts of COo daily expired, 52 parts are 
expired in 12 hours during the day, and 48 in 
12 hours at night. 

Of 100 parts of O inspired, 33 parts are ab- 
sorbed in 12 hours during the day, and 67 in 12 
hours at night. This ^ows that it is more 
important that the air breathed at night be 
pure than the day air, contrary to what is 
generally supposed. In exercise one- third more 
air is requir^ 

How Arterial Blood ia made. We 

must now describe the changes effected in the 
blood by respiration. 

The venous blood, laden also with organic 
refuse from the tissues and from the lymj^atics, 
arrives at the lungs through the pulmonary 
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artery from the right heart, and is spread out in 
the finest capillaries on the outside of all the 
air-cells. There, not by mere filtration, but by 
what is believed to be some vital action of the 
air-cells, a little over 4 per cent, of CO;, is 
introduced into the air together with ateut 
‘4 of effete animal matter and ammonia out of 
the blood, while to keep the balance, a corre- 
sponding amount of O is introduced with the 
blood, with the effect of at once making it 
uiight scarlet. 

Tlie following experiments will illustrate 
the w^ay in which the change between the two 
gases takes place in the lungs : 

1. If blood is allowed to run >^^<2 
from a vein, and form a clot in 

a plate or saucer, the outside of ^ 
it will be seen to become bright g 
red, Ix^cause the carbonic acid ol ^ 

passes into the air, and the §\ 
oxygen takes its place. But ^ ^ 

underneath, or inside, it remains Ql 
quite dark, and if you suddenly ® 
turn it over, you see this, though qA 
the dark part soon l)ecome8 n| 
bright when exposed to the air. I 

2. If you got a little bright p / 

blood in a moist bladder and hang / 

it in a jar of carbonic acid gas, it ^ 

gets purple. If you now hang it ^ 
intheairinajarofoxgycn,itgets gg 

briglit red again, allowing that . 

the gases can pass through th(! n \ 

walls of the bladder as they pass " ' 
through the air-cell membrane. Trachea h 


spread out in then convulsions, then exhaustion and death, 

de of all the The blood accumulates in the right heart, and 

ation, but by becomes venous all over the body, 

action of the EJxcess of CO.j doe.8 not produce asphyxia, 
t. of CO;, is but narcotic poisoning. 

' with ateut Ordinary expiration is quite quiet, la^cause 
imonia out of the larjmx is kept widely open, and the two 

ince, a corre- bands know'n as the vocal cords arc' far apart, 

ced with the If they are brought together, how^ever, some 

36 making it sort of sound is made in expiration. Talking 

and singing, groaning, laughing, coughing, all 
ill illustrate take place in ttus way. 

veen the two Sound is only formt^i in the la^^mx, words are 
^ made in the mouth. In laugh - 

breath comes out in a 
series of explosions ; coughing is 
^ L SI ‘^iniilar. The l3reaih seems 

S Qj ^ to burst open the vocal cords. 

pi ^ a| Indexed, the two are so much alike 

3 that if a person laughs and coughs 

(W ^ Ni at the same time it is hard to tell 

Ql Qy 1 the one from the other. 

^ ^ j Sighing and gaping are two 

qI ^ . I forms of inspiration wc 

ri 1^/ explain here. If from any 

I insiiftieient oxygen is 

p / \ / getting into the blood, as, for 

r / C / instanee, when a boy is sitting 

J ^ / writing or studying, and breath- 

^ 2 ing v(‘rv gently for a long time, 

66. FOKM OP THE 8TERNVM, 'J»‘ nervo-rcniro that .(.nlrola 
DIAI-IIRAOM. AND ABDOMINAL -ivathmn Honds an imp.iko 


me gasea can pass mrougn me expiration, (2) /i'' H’*’ i'''!'’ 

walls of the bladder as they pass INSPIKXTIon heaves a sigh, which is 

through the air-cell membrane. Trachea. /*. sternum, c. Dia- Naturi* to get 

Such, then, is the normal process piiragm. //. Abdominal wall.* The enough oxygen. Panting is an 

of respiration ; but various abnor- 'lotted portion rcpregcniB the sta- effort made for the same reason. 

. ^ tionurv iiir . . .... . . 
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mal processes occur. 

Abnormal Respiration. Dy^tpumi, or 
difficulty of breathing, culminating in breathless- 
ness, is due rather to deficient oxygen rather 
than excess of CO.j, as is shown by experiment. 
But at times, as in breathle.ssness caustKl by 
excessive exertion, as from running races, it 
is caused by the CO.^ from the used-up tissues 
accumulating fastt^r than it can be got rid of. 

Apnopa, or ceasing to breathe, occurs at death, 
and also temporarily after several rapid inspira- 
tions. 

Asphyxia follows failure in the supply of 
oxygen. There is first exaggerated breathing. 


^ Yawning is a still more deter- 

mined effort of Nature to get all possible air into 
the lungs. The head is throw'll hack to open the 
larynx to its fullest extent, the nostrils and 
mouth are both widely opened, and all the 
muscles are usc'd ; the arms are extendc'd, and 
the body is thrown back so as to stretch out th(^ 
lungs to the greatest possible size, and thus 
supply the blood with plenty of oxygen. 

Hiccough, coughing, snen^zing, sniffing, sobbing, 
laughing, sucking, are examples of various 
forms of inspiration and ex])ir.stion of p|M*.cial 
character and for e>lher jmrpose^s than ordinary 
Inspiration. 
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POETRY OF THE NINETEENTH CENTURY 

I. A Biog:ra{^cai and Critical Survey of the Poete of 
Century before Tennyson, and the Influences on thar Work 


By J. A. HAMMERTON 


'T'HE poetry of the nineteenth century has its 
* roots in the work of the eighteenth century. 
Its branches stretch for»vard into the century 
that is yet in its infancy. In its style, a notable 
characteristic is a certain reaction against artifi- 
ciality and more rhetoric. In the spirit of it is 
distinguishable the influence of the Germany of 
Goethe and Schiller ; of the France of Rousseau 
and Victor Hugo ; and of the “ problem ” 
writers of Norway and Dtmmark. The move- 
ments toward political freedom in Franco, 
Italy, and Greece, and the evolution of English 
democracy have all affected it vitally. Thus, to 
its understanding must be brought some know- 
ledge of the historic happenings amid which it 
arose and flourished. 

It is possible to take the works of two or 
more of the greatest poets of the pt^riod, and to 
derive pleosuro from the isolated penisal of 
them. Hut while there is much to be said for 
the study of the poetry of any writer for its own 
sake, too general a neglect of “ books about 
books ” is certainly to bo avoided. The more 
we know of the main facta in the life and times 
of a great writer, the l>ettor shall we understand 
and appreciate what ho has written. It is “the 
man behind the book ” wo are interested in, as 
Garlyle pointed out. So fur os tho poets and 
poetry of the nineteenth century are concerned, 
there is no lack of adequate guidance, llie 
field is a wide one, and its flowers and fruits are 
varied. In all, something like two hundred 
names claim consideration. Of these, however, 
three or four are of outstanding importance ; 
and rather less than thirty need engage those 
to whom poetry does not make a very strong 
appeal. lieforo taking up the study of any one 
of these writers, the reader could hai^y do better 
than glance at the names in such a series as 
the “ English Men of Letters,” and, selecting 
the monograph dealing with the author he pur- 
poses taking up, make this the groundwork or 
starting-point of the study proper. 

The Forerunner of Wordsworth. 

George Crabbe (b. 1754 ; d. 1832) is a 
particularly interesting figure to readers of 
tho Self-Educator. He w'as, to a very con- 
siderable extent, self-taught. In his verse, sa3rs 
Canon Ainger, “ pity appears, after a long 
oblivion, os the true antidote to sentimentalism. 
The reader is not put off with pretty imaginings, 
but is led up to the object which the poet w^ould 
show him, and made to feel its horror.” The 
horror Crabbe chose to describe was that of the 
sordid side of English village life as he witnessed 
it in his native Suffolk. 

Influenced by Gray, Goldsmith, and Pope, 
Crabbe is spoken of as the chief founder of the 

1304 


rural school, and as the forerunner of Wordsworth. 
He applied the lash to the ignoble rich as well 
as depicted with graphic realism the lot of the 
ignorant poor. We read Crabbe for w'hat he 
says more than because of his style, which is 
unequal and frequently faulty. His knowledge 
of humanity is extensive ; but he lacks boQi 
fancy and a sense of humour. 

A Group of Lesser Poets. William 
Gifford (b. 1756 ; d. 1826) was a shoemaker’s 
apprentice. A giant, he used his strength like 
a giant. His two satirical poems, “ The Baviad ” 
and “ The Mseviad,” crushed out of existence 
the insipid poetry of the so-called “ Della 
Cniscan School ” ; and to him is generally, 
but erroneously, attributed the “ Quarterly 
Review’s ” famous (or infamous) attack on 
Keats’s “ Endymion,” which was the work of 
J. W. Croker. He translated “Juvenal” and 
edited some of the old dramatists. William 
Blake (h. 1757 ; d. 1827) is a link between the 
Elizabethans and Wordsworth. His love of 
children speaks to us in his “ Songs of Innocence,” , 
his feeling of horror at the bitter side of life in 
his “ Songs of Experience.” He was a mystic, 
with something of the contrast of simplicity 
and subtlety in his work that is characteristio 
of Browning’s poems ; and he felt keenly and 
expressed keenly social wrongs and ecclesiastical 
tyranny. like Crabbe, he hod to fight poverty, 
and owed his knowledge to his own efforts 
towards self-improvement. like Crabbe, he is 
again becoming popular ; but perhaps his most 
enduring fame rests upon his skill as an artist, 
Samuel Rogers (b. 1763 ; d. 1855), that “ grim 
old dileUarUej full of sardonic sense,” as Carlyle 
called him, wrote a long poem in heroic metre 
on “ The Pleasures of Memory,” and caught, 
in his blank verso poem, “ Italy,” some of the 
beauties of that southern land. He had the 
wisdom to decline the Laureateship. Robert 
Bloomfield (b. 1766; d. 1823), first a rural 
“ hand ” and then a shoemaker, wrote, in a 
London garret, “ The Farmer’s Boy,” which 
gives a s^pa pathetic view of the life indicated 
by its title. He derived his style from 
Thomson’s “ Seasons.” Another poet of nature 
and the poor, though on a much higher level, is 
James Hogg (b. 1770 ; d. 1835), the “ Ettrick 
Shepherd,” who stands next to Bums in the 
order of Scotland’s peasant-poets. He described 
himself to Scott, to whom he sent contributions 
for the latter’s “ Border Minstrelsy,” as “ King 
of the Mountain and Fairy School of Poetry,” 
and this piece of self-description is accepted by 
the critics. “ When the Kye Come Hame ” and 
“ Kilmeny ” (the last-named from “ The Queen’s 
Wake,” a series of legendary tales and ballads 
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supposed to have been song by ikte Royal bards 
at Holjrrood) are among Hogg's most popular* 
BBd deserve^ popular, eompoaitions. There 
is more that is enduring in the poetry of Hc^ 
than in that of any of the others we have 
named since Crabbe, and the 
general reader, no less than the 
student, must devote consider- 
able attention to his works, 
though his prose writings need 
not engage any but the student. 

Wordsworth's Life. 

William Wordsworth (b. 1770 ; 
d. 1850) is one of the greaU'st 
poets of the nineteenth century. 

Indeed, his influence, which was 
of slow growth at the outset, is 
growing yet. He came of an 
old-established family, and in 
his early days was greatly 
influenced by the ideals of 
French Republicanism and the 
t<>aching of William Godwin, the 
author of “ Political Justice,” 
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Dove Cottage, Allan Bank, and Rydal Mount 
respective^. “ The Prelude ; or, the Growth 
of a PoetR Mind,” an autobiographical poem 
in blank verse, reflects the influence of (Smti- 
nental trav^ — Wordsworth visited Germany, 
Italy, and Switzerland as well 
as France — and the philosophical 
views of Godwin. That poem 
and “The Excursion” are parts 
of a scheme which was never 
completed. 

Wordsworth as a Critic. 

Wordsworth has to be considered 
in three aspects — as a critic, as 
a teacher, and as a poet. His 
critical opinions may bo studied 
in the preface and appendix 
to the “ Lyrical Ballads,” the 
preface to “ The Excursion,” 
and in numerous letters. In 
the preface to the “ Lyrical 
Ballads ” ho writes as follows : 
“ It may be safely aflirmod that 
there neither is, nor can Ik% any 
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a work basing morals on neces- 
sity, who also had a marked 
influence on Coleridge. When 
France, having first debased 
them, forsook her humanistic 
ideals for dreams of world con- 
quest under Napoleon, the effect 
on Wordsworth would have been 
disastrous but for the devotion 
of his sister Dorothy and the 
fact that a legacy of £900 left 
to the brother and a sum of 
£100 bequeathed to the sister 
enabled them to settle down 
quietly, first at Racedown, in 
Dorset — where Wordsworth’s 

one tri^edy, “ The Borderers,” 
was written — then to Alfoxden, 
by the Quantock hills — which 
district inspired his and Coleridge s contribu- 
tions to the volume of “ Lyrical Ballads 
and, finaQy, at Grasmere. Ihis was the home 
of the Wordsi^orths from 1799 till the poet's 
death, the three places of residence there being 


essential difference botwi'on the 
language of prose and mi'trical 
composition. Wc arc fond of 
trac ing the r(‘s;'mhlanc'(i hctweim 
poetry and painting, and accord- 
ingly wc call them sisters ; but 
where shall wc find bonds of 
connection sufficiently strict to 
typify the affinity betwixt 
metrical and proso composi- 
tion ? Tncy Iwith sjM;ak by 
and to the same organs ; the 
bodies in which both of them 
are clothed may be said to 
be of the same substance, 
their affections are kindred 
and almost identical, not neces- 
sarily differing even in degree.” 
Pursuing the same idea, ho 
writes in the appendix to the “ Lyrical Ballads ’’ 
that “ metre is but adventitious to composition,” 
and that “ the phraseology for which that pass- 
port is necessary, even where it may be graceful 
at all, will be little valued by the judicious.” 
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The best proof of the error inherent in the 
view of poetry thus set forth, which runs 
counter to all wo agreed upon at the outset 
of this course, is to be found in Wordsworth’s 
own work. Elsewhere, in his intense scorn 
for the artificial and the meretricious, which 
were so characteristic of much of the poetry 
of the eighteenth century, Wordsworth went 
to the verge of the trivial. But though 
he raised a storm of criticism, which delayed 
due recognition of his surpassing genius and is 
not yet exhausted, it is well to remember with 
Coleridge, one of the greatest of literary critics, 
especially where Wordsworth is concerned, that 
but for the prefaces and appendices much of 
what has been said against Wordsworth’s 
poems would be reduced to absurdity. Tlie 
few pagers that gave such an opportunity to the 
pungent parodists of “ Rejected Addresses,” 
to Byron, to l^eigh Hunt, to Jeffrey, and to 
others to pour scorn on Wordsworth, would, but 
for the fear that they represented an intention 
to overthrow the accepted canons of art, have 
been “ passed over in silence as so much blank 
paper, or leaves of a bookseller's catalogue,” 
and “ only regarded as so many light or inferior 
coins in a rouleau of gold.” 

The Teaching of ’Wordsworth. As a 
teacher Wordsworth expressed his purpose to 
be; “To console the afflicted, to add sunshine 
to daylight by making tlie happy happier, to 
teach the young and the gracious of oveiy 
age to see, to think, and feel, and, there- 
fore, to become more actively and securely 
virtuous.” It will be seen from this he 
took liis vocation seriously. “ The poet,” 
he averred, “ is a U^acher. 1 wish to be con- 
sidered as a teacher or as nothing.” What 
did he teach ? George Brimley, in one of the 
most brilliant of his essays, written in 1H.51 
and still applicable, conUmds, with reason, that 
the value of Wordsworth’s teaching ” lay 
mainly in the power that was given him of un- 
folding the glory and the beauty of the mat-erial 
world and in bringing consciously Inffore the 
minds of men the high moral function that 
Monged in the human economy to the imagina- 
tion, and in thereby redeeming the faculties 
of sense from the comparatively low and servile 
office of ministering merely to the animal 
leasiires. . . . He has shown the possi- 

ility of combining a state of vivid enjoyment, 
even of intense passion, with tlie activity of 
thought and the repose of contemplation. He 
has, moreover, done more than any poet of his 
age to break down and obliterate the con- 
ventional barriers that, in our disordered 
social state, divide rich and poor into two 
hostile nations ; and he has done this, not by 
bitter and ptissionaU^ declamations on the in- 
justice and vices of the rich, and on the wrongs 
and virtues of the poor, but by fixing his 
imagination on the elemental feelings, which are 
the same in all classes, and drawing out the 
beauty that lies in all that is truly natural in 
human life.” 

The Poetry of Wordsworth. Was 

Wordsworth a poet ? Indubitably ; as Plato 
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and Dante were poets. None but a great 
poet could have -written such lines as these 
from the poem “ Composed a few miles above 
Tintem Abbey,” in 1798 : 

“ For I have learned 
To look on Nature, not as in the hour 
Of thoughtless youth ; but hearing oftentimes 
The still, sad music of humanity, 

Nor harsh, nor grating, though of ample power 
To chasten and subdue. And I have felt 
A presence that disturbs me with the joy 
Of elevated thoughts ; a sense sublime 
Of something far more deeply interfused. 
Whose dwelling is the light of setting pun‘<. 
And the round ocean, and the living air. 

And the blue sky, and in the mind of man : 

A motion and a spirit, that impels 

All thinking things, all oV)ject8 of all thought, 

And rolls through all things.” 

Let the student who seciks to find Wordsworth 
at his best also ponder the exquisite* ode entitled 
” Intimations of Immortality from Recollections 
of Early Childhood.” But Wordsworth’s claim 
to rank among the immortals might Ix^ based 
on his sonnets alone. From whatever stand- 
point it may be looked at, the sonnet “ Com- 
poses! upon Westminster Bridge, September 
3rd, 1892,” is one of the fin(;8t in the language : 

“ Earth has not anything to show more fail*. 
Dull would he be of soul w^ho could pass by 
A sight so touching in its majesty. 

This city now doth, like a garment, wear 
The beauty of the morning ; silent, bare. 
Ships, tow'ers, dom(^s, theatres, and temples 
lie 

Open unto the fields, and to the sky. 

All bright and glittering in the smokeless air. 

Never did sun more beautifully steep 
In its first splendour, valley, rock, or hill ; 
Ne’er saw I, never felt, a calm so deej) ! 

The river glideth at his own sw^eet will. 
Dear God ! the very houses seem asleep ; 
And all that mighty heart is lying still ! ” 

There is nothing in the Elizabethan writ.u’s of 
the sonnet to surpass the above in perfection of 
form. Tennyson never wrote more truly nor 
with finer insight than when, in Wordsworthian 
phrase, he declared that the Laureate’s wreath 
came to him. 

” Greener from the brows 
Of him who uttered nothing base.” 

It is unnecessary to urge Wordsworth upon the 
general reader, for he is so securely a popular 
classic that his poetry is in no danger of neglect. 

Coleridge. Chief of Wordsworth’s con- 
temporaries was Samuel Taylor Coleridge 
(b. 1772 ; d. 1834). Coleridge was a talker, a 
preacher, a philosopher and a mystic. His 
best work belongs to his early years, when he 
was inspired by his love of nature and by the 
revolutionary idealism of France, and w^hen, 
with Southey and Robert Lovell, he planned 
the foundation of a Utopia “ in the rich heart 
of the West.” Unhappily, all through his life, 
plans came more easily to him than performance. 
His life story is one of the saddest in English 



literaiy history. His health was poor» and his 
habits were worse. It is a notable fact that 
his ballad epic of “ Christabel,** though a frag- 
ment, exercised in MS. form, some twenty years 
before it was published, a wonderful influence 
on Scott and other contemporary English 
poets. “In this weirdly beautiful creation,” 
says one critic, ” the spiritual and material 
are so exquisitely blended that it is difficult to 
know where they run into each other.” For 
an explanation of the dreamland beauty of 
“ Christabel ” and the “ Rime of the Ancient 
Mariner ” recourse must be had to the German 
philosophers, particularly to Goethe, Herder, 
Schelling, and others of their school, to whom 
Coleridge was much indebted. Mr. Swinburne 
says of ” The Ancient Mariner ” that it is 
” perhaps the most wonderful of all poems. In 
reading it we seem rapt into that paradise 
reveal^ by Swedenborg, where music and 
colour and perfume were one, where you could 
hear the hues and see the harmonies of heaven. 
For absolute melody and splendour it were 
hardly rash to call it the first poem in the 
language.” Even so, Coleridge may prove a 
difficult poet for all save the ^vaneed student 
and the genuine lover of poetry. 

Scott and Tannahill. Sir Walter 
Scott (b. 1771 ; d. 1832), on the other hand, 
is essentially a poet for the young. Repelled 
by the Revolution from visions of the future, ho 
sought and restored to letters the romance of 
the past. ” The Lay of the Last Minstrel,” 
** Marmion ” and ” The Lady of the Lake,” his 
best poems, are for the million what ” (^hrista- 
bel ” and ‘‘ The Ancient Mariner ” arc for the 
comparatively few. For pure joy in nature 
and love of humanity Scott was not excelled by 
either Wordsworth or Coleridge, though there is 
a certain mechanical touch in his verse and a 
mannerism which prevent its being classed w ith 
the greatest English poetry. 

Another Scots poet, and one of the greatest of 
song writers, was Robert Tannahii.l (b. 1774 ; 
d. 1810), a Paisley weaver, whose life was sad 
and ended tragically. His “Braes o’ Glen iff er ” 
and “ Jessie, the Flower o’ Dunblane ” are 
favourite lyrics with Scotsmen the world over, 
and are assured of immortality. 

Southey and Landor. Robert Southey 
(b. 1774 ; d. 1843), as a poet, is little honoured 
to-day, though Mr. Saintsbury boldly cham{>ion8 
his cause. His change from a democratic 
to a Tory standpoint (exemplified in the 
difference between “Wat Tyler” and “The 
Vision of Judgment ”) may have had some 
influence on popular taste ; but his choice of 
subjects is perhaps the chief reason of the 
neglect into which he has fallen. Of his longer 
works, “ Roderick, the Last of the Goths ” is the 
best. The others are ” Thalaba, the Destroyer,” 
a rhymed epic of Arabia ; “Madoc,” a semi- 
historical poem, descriptive of the adventures 
of a Welsh prince ; and “ The Curse of Ke- 
hama,” a poem in irregular rhymes, the theme 
of which is drawn from Hindu mythology. 
Southey is better known by such spirited 
ballads as “The Battle of Blenheim,” “The 
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Well of St, K^me,” and “ The Inchcape Rot k.*’ 
The name of Walter Savage Landor (b. 17‘. 5 ; 
d. 1864) recalls one of tho most touching 
stories in the romance of reality. It is told 
with exquisite sympathy by Sir Vi'iHiam Hunter 
in the introductory chapter of his “ Thackerays 
in India.” Midway in the impetuous rush 
of his stormy youth Landor found kindness 
in the family of Ix)rd Aylmer, with whose 
gifted daughter Rose he fell in love. Tlu‘ 
affection was mutual. It was Rose Aylmer w ho 
lent him the book which inspired the work — 
“ Gebir ” — in which his genius first tltished out 
into enduring flame. Ho}X) told a flattering 
tale, and then Rose Aylmer was sent out to 
relatives in Calcutta, there to find an early 
grave. For days and nights her image never 
left Landor’s brain. “ During hours sleep- 
lessness he wrote the elegy which enshrines in a 
casket of pearl the name of Rose Aylmer as 
long as maiden liearts shall ache and the English 
language endure ” ; 

“ Ah, what avails tho sceptred race ? 

Ah, wdiat the form divine ? 

What eveiy virtue, every grace ? 

Rose Aylmer, all were thine. 

Rose Aylmer, whom these wakeful eyes 
May W'eep but never sec, 

A night of memories and of sighs 
I consecrate to thee.” 

Landor gave a marked impetus to tho Roiuantio 
movement, and while he is more for the student 
than for tho general reader, tho lattiT must 
make some acquaintance with his poctiy and 
his prose. Tlie poems of Charles Lamb 
(b. 1775 ; d. 18.34) are chiefly valuable as 
expressions of his gentle nature. 

Campbell and Moore. Thomas 
Campbell (b. 1777 ; d. 1844) is, like Southey, 
best rememl)ered by his lyrical poems — 
“ Hohenlindon,” “ Ye Mariners of England,” 
“ Tlie Soldier’s Dream,” “Lord Ulliri’s 
Daughter ” and the “ Song of tho Evening 
Star,” are among them. His “ Pleasures of 
Hope ” is an echo of Thomson and (fray. 
Thomas Moore (b. 1779 ; d. 1852), who wrote 
“ Lalla Rookh ” and many songs to old Irish 
airs, hod in abundance tho double gift of vocal 
and poetic melody. His poetry, said Jeffrey, 
was as the thornless rose ; “its touch of velvet, 
its hue vermilion, and its graceful form cast in 
beauty’s mould.” “ To me,” said Byron, “ some 
of Moore’s lost Erin sparks — ‘ As a Beam o’er 
the Face of tho Waters,’ ‘When ho who Adores 
thee,’ ‘ Oh, Blame not the Bard,’ ‘ Oh, Breathe 
not his Name,’ are worth all the epics that ever 
were composed.” But Moore possesses claims 
in addition to those dependent on the charm 
of his “ Irish Melodies.” His latest critic, 
Mr. Stephen Gwynn, remarking on the increas- 
ing virtuosity shown duping the nineteenth 
century in the management of lyric metres, 
says : “ From Cow'per and Crabbe to Mr. 

Swinburne is a strange distance ; and it has not 
been sufficiently realised that Moore is very 
largely responsible for the advance. Many 
critics have noted the change from the strictly 

1307 



UTBRATUIIK 

syllabic Hcansion of Pope’s school to metres like 
those of Tennyson’s * Maud/ and a hundred 
later nocms, in which syllabic measurement 
is wholly discarded. It has bocm noted also that, 
even in the freer metres of the sixteenth and 
seventeenth centuries, lyric writers confined 
themselves to variations of the trochee or 
iambic, and that an anapecstic or dactylic 
measure is hardly found Ixjfore Waller. But 
it has been hardly recogni8f*d that till Moore 
began to ustJ these triple fet^t no pofit used 
them with dexterity and confidence. ... It 
is Moore’s great distinction that he brought into 
English verse something of the variety and 
multiplicity of musical rhythms.” Five other 
jKXits call for brief mention here : 

Other Contemporaries of Words* 
worth. Ebenkzer Elliott (b. 1781 ; 

d. 1849), whose ” (k)rn Law Rhymes” 
have served to distract attention from his 
transcripts from Natim^ ; William Tennant 
(b. 1784; (1 1848), whose pexun of ” Anster 
lAnstruther] Fair” was modcll(;d on an Italian 
styl(*, which Byron adopted for ” Bej)po ” and 
” Don Juan,” and thus definitely acelimatiscHl ; 
Lekju Hunt (b. 1784 ; d. 18r»9), whose reputa- 
tion, largely due to his proses writings, would not 
b<> inconsiderable \vere it based only on 
” The Story of Rimini,” and his other and 
shorter ptwms, of whic^h ” Abou Ben .\dhem,” 
and “Jenny Kissed Me” an^ most familiar; 
Thomas Love Peacock (b. 1785 ; d, IHOfi), 
who wrote a number of delightful lyrics which 
nre to be found in his novels ; and Bryan 
Waller Procter (“ Barry (’ornwall ”) (b. 1787 ; 
d 1874), who, while he is better known for his 
a])pr(*eiations of poetry than as a j) 0 (‘t himself, 
wrotc^ at least one good song, “The Sea.” 

Byron. I>ori) Byron (b. 1788 ; d. 1824) 
was some little time ago strongly commended 
to working-class reachTs by no less an authority 
lhan Mr. John Morley Since the reaction 
following the somewhat flattering hero-worship 
to which he was onee 8ubjeet<xl, Byron lias 
(Ml joyed a far greattT popularity on the Con- 
tinent than in Englaim. It is espeeially true 
of Byron that without some knowh'dge of the 
s icc(»8siv(’ stages of his short but crowded 
life. Ids InJongings, his surroundings, his friend- 
ships, and his fortunes, a great deal of his poetry, 
as his lati^st editor, Mr. Ernest Hartley Coleridge, 
points out, lacks significance. His output was 
large It comprises two epics, or quasi - 
epiis, “ Childe Harold” and “Don Juan” 
— which constitute his best w'ork— tw'elve 
narrative poems, eight dramas, seven or 
(‘ight satires, and a multitude of occasional 
j.oems, lyrics, epigrams, and jeux d’esprit. As 
to the dramas. Mr. Coleridge, who reminds 
ua that “ Werner ” was the only one that 
took any hold on the stage, considers 
“ SardanapaluB ” “ by far the greatest and 
most original ” of the ” regular ” plays. The 
importance of Byron is well expressed by the 
same critic : “ He brings the wisdom of the 
many to bear upon his individual experience, 
‘ touching it with emotion,’ and re-making 
it by the potency of his wit. His w^isdom is 
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not that of the market, nor of the cloister, nor of 
the academy, but of a man of the world who 
has realised and faced the problems of existence. 
If he * taught ’ us little of the spiritual amenities 
of the soul, bo has taught us the limitations of 
our hopes and fears, and to bear wuth reverence 
and submission the burden and the mystery 
of our fate. He is neither pessimist nor optimist, 
but he reasons concerning things as th('y are, 
and the judgment which is come already.” 
He shows, in short, how’ hollow’ are many of the 
baubles for which a section of democracy 
craves. He is a keen satirist and a humorist 
“ of the following of Rabelais and Sterne.” 
Coleridge has described him as “the parent 
of modern fun.” According to Dr. Brandes, 
“ French Romanticism and Cerman Lilx'ralism 
are both direct descendants of Byron's 
Naturalism.” The vogue of Byron's vcTse- 
romanc(‘s induced Scott to turn to prose. 
“ With Byron,” says Mr. Gosse, “ the last 
rags of the artificiality which had bound 
European expression for a century and a half 
wMue torn off and flung to the winds. He 
taught roughly, melodramatically, inconsis- 
tent Iv, but he taught a lesson of force and 
vitality. He w^as full of technical faults, dry- 
nesses, flatnesses ; ho lacked the power to 
finish ; he offended by a hundred careless 
impertinences ; but his whole being was an 
altar on which the flame of personal gimius 
flanxl like a conflagration.” In a word. Byron 
had the true jxictic “glamour” ; a personality 
not to be shackled hy any laws of rhythm or 
rhyme. No reader with any tasU‘ for poetry, 
r(‘sponsive to the passionate expression of a 
soul unrestful, will need to be urgc'd to the 
reading of Jiyron : once taken up, his potdry has 
a compelling force unsurpassed, if not unrivalled, 
by that of any other writtT of the century. 

Shelley. In the case of Percy Bysshe 
Shelley (b. 1792 ; d. 1822), the student of poetry 
must bti warned against being misled by warpe^d 
and narrow views concerning Shelley's life. 
Shelley was, as Byron was, a herald of revolt ; 
but he was also, what Byron could hardly be said 
to be, an idealist. Byron w’as at times sincere ; 
Shelley always so. If Shelley erred, as w’e may 
think, against the social conventions, it was not 
out of contempt nor in any spirit of reckless 
libertinism, but because he had constructed for 
himself a ’^hilosophy and adhered to it. His 
principal works are “ Queen Mab,” “ Alastor,” 
“ The Revolt of Islam,” ” Prometheus Un- 
bound,” “ The Cenci,” “ Julian and Maddalo,” 
the “ Witch of Atlas,” “ Epipsychidion,” 
“ Adonais,” and “ Hellas.” In “ Queen Mab ” 
were expressed the mingled idealism and atheism 
of the Revolution. “ Prometheus Unbound ” 
is well described as “ the finest example we have 
of the working out in poetry of the idea of a 
regenerated universe.” “ Adonais” was alament 
for the death of John Keats. “ The Cenci ” is 
the most powerful drama in English since 
Otway’s “ Venice Preserved.” Shelley's was a 
divided personality ; he lived in the world, but 
all his thoughts soared into the empyrean. As a 
poet of the imagination, he was immeasurably 
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fuperior to Byron. Of his lyricB, the “ Ode to much gorgeous inaage^, he worked forward to 

the West Wind ’’ is as imperishable as anything the apotheosis of Uontentment ; Wiluam 

in English poetry. “At his best,'* says Mr. Motherwell (b. 1797 ; d. 1835), a Scots song- 

Gosse, “ Shellev seems like iEschylus, and, at writer, whose “ Jeanie Morrison ’* and “ My 

his worst, merely like Akenside.'* Head is like to Rend, Willie," art> classic north of 

Keats. To turn from Byron and Shelley to the Tweed ; Thomas Hood (b. 1799 ; d. 1845), 

John Keats (b. 1795 ; d. 1821) is like passing whose “ I remember, I remembt'r," “ The Dream 

from a storm in which body and soul have been of Eugene Aram," “ The Song of the Shirt," and 

engaged to some sweet resting-place. Keats “ The Bridge of Sighs," are as truly poetry of tho 

leaves the problems of passion — whether physical heart as his inimitable humour was original; 

or purely intellectual— alone, and tunes his Ijrre William Thom (b. 1798 ; d. 1848). a Scots hand- 

to hymns of beauty and the praise of nature. loom weaver, and author of a remarkable 

He is one of the first of modern literary poets. poem entitled “The Mitherlcss Bairn"; Lord 

drawing his inspiration largely from Ancient Macaulay (b. 1800 ; d. 1859), whose “ Lays of 

Greece and Elizabethan England, though the Ancient Romo " call for mention here ; Sir 

ii^uenoe of his friendship for Leigh Hunt is Henry Taylor (b. 1800 ; d. 188(1), whoso 

distinguishable in his early poems. “ Keats," “ Philip van Artevelde" is to be commended as 

writes Mr. Gosse, “ has l>een the master-spirit in a study in human history as well as an experi- 

the evolution of Victorian poetry. Both Tenny- ment in romantic (liU^rary) drama ; Charles J. 

son and Browning, having in childliood been Wells (b. 1790 ; d. 1879). the friend of Keats, 

enchained by Byron, and then in adolescence by and the beauties of whose “Joseph and His 

Shelley, reached manhood only to transfer their Brethren," a Biblical drama, were neglected till 

allegiance to Keats, whose influence on English attention was drawn to them by Mr. Swinburne ; 

poetry since 1830 has been not less universal William Barnes (b. 1801 ; d. 1880), the pastoral 

than that of Byron on (he literature of tho poet of Dorsetshire ; Winthrop Mack worth 

Continent. . . . In spite of what he owes to the Praed (b. 1802; d. 1839). a writer of bright, 

Italians . . . no poet, save Shakespeare himself, witty “society verse"; James Clarence Mano an 

is more English than Keats ; none presents to us, (b. 1803; d. 1849), whoso life was a tragedy; 

in tho harmony of his verse, his personal Richard Henry Horne (b. 1803 ; d. 1884). 

character, his letters, and his general tradition, w'hoso fine epic, “ Orion," was sold first 

a figure more completely attractive nor better at one farthing per copy, “as a sarcasm upon 

calculated to fire the dreams of a generous tho low estimation into which epic poetry had 
successor.** When tho critics attacked “ Endy- fallen**; Thomas Lovell Beddoes (b. 1803; 
mion,” the attack was meant to reach, through d. 1849), an introspective poet, whose “ Death’s 

that poem, the detested politics of Leigh Hunt. Jest Book ; or, the Pool’s Tragc'dy," pro- 

Not only Browning and Tennyson, but Dante claims him a good poet if a poor dramatist ; 

Gabriel Rossetti, William Morris, and Algernon Laman Bi.anchard (b. 1804 ; d. 1845), who 

Charles Swinburne owe much to Keats. claims kinship with Hood and Praed ; (3iarlks 

“ Hyperion " is a beautiful fragment ; the odes Whitehead (b. 1804 ; d. 1802), author of “ Tfie 

“ On a Grecian Um” and “ To a Nightingale," Solitary," and “ The Cavalier " (a blank verse 

the sonnet, “ On first Looking into Chapman’s drama), who lies, like ChatUTton, in a paujK*r’H 

Homer," and the poems, “The Eve of St. grave; Robert Stephen Hawker (b. 1803; 

Agnes " and “ La Belle Dame Sans Merci," stand d. 1875), the inspired poet -priest of Morwenstow ; 

by themselves in the foremost ranks of their kind. Thomas Wade (b. 1805 ; d. 1875), who sat at the 

They are the work, be it remembered, of one feetof Shelley, and wrote several excellent sonnets 

whose father worked in a livery stable, and who and a number of ambitious plays ; Edward 

began life as a surgeon’s apprentice. Lord Lytton (b. 1803, d, 1873), a genius of 

Other Poeta of the Early Nineteenth protean industry, whose only failure (witli the 

Century. There arc many names to be men- exception of his domestic life) was as a p(M!t ; 

tioned before we come to the next one of out- Elizabeth Barrett (Brow’nino) (1).^ ’ 

standing importance. Among them are Edwin d. 1861), whose “ Cry of the Children," “ (’asa 

Atherstone (b. 1788 ;d. 1872), author of “The Guidi Windows," “Poems Before Congress,’ 

Last Days of Herculaneum ” ; Sir Aubrey De “Aurora Leigh," and “ Soimets from the Portu- 

Vere (b. 1788 ; d. 1846), who went to school with guese," bespeak tho exquisite Umderness of a 

Byron, was a friend of Wordsworth’s, and wrote womanly woman more tlian they display tho 

several fine sonnets and two dramas of much technical excellence of a poet ; John Sterling 

poetic strength, “Julian the Apostate " and (h. 1806 ; d. 1844), whose life it is enshrined in 

“Mary Tudor"; John Clabb (b. 1793; d. Carlyle’s splendid memoir— is his best poem ; and 

1864), w^ho was the son of a poor labourer, and Richard Chenevix Trench (b. 1807 ; d. 188()), a 

whose “ Poems Descriptive of Rural Life " owed writer of some sincere and simple poetry, a note- 

much, as Bloomfield’s did, to the influence of worthy divine, and a distinguished philologist. 

Thomson’s “ Seasons " ; Hartley Coleridge Every poet named in this group is of some 
(b. 1796 ; d. 1849), eldest son of Samuel Taylor importance to the student, but with the excep- 

Coleridge, and a sonneteer of much felicity and tions of Hood, Macaulay, Praed and Elizabeth 

gracefum^B ; Gsobos Dablet (b. 1795 ; d. Barrett Browning, the general reader need not 

1846), critic, and author of a pastoraU'' Sylvia," be expected to have more than a partial 

and a poem, “ Nepenthe," in which, amidst knowledge of their writings. 

Continued 
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STRUGGI.E FOR A FOOTHOLD 

There is no doubt that water is the original 
home of life, and it is only by a long process 
of eTohition that certain groups of animals 
and plants have become fitt^ for existence on 
land. Limiting ourselves, for the present, to 
the latter, we may say that marshes, swamps, 
and damp places in general constitute a sort of 
half-way house between water and land, and 
play a very leading part in the tactics of forms 
which are endeavouring to abandon the old 
aquatic home. It is also important to remember 
that the life history of any particular organism 
broadly recapitulates in summary form the 
evolutionary history of the group to which it 
belongs. Bearing this in mind, we shall lie able 
to understand the mysterious phenomenon of 
alternation of generations, of which several 
cases have been described. 

If we take, for instance, the life history of a 
fern, we find a small, relatively insignificant, 
egg-generation (the prothallus) living in very 
moist surroundings, of which the fertilised 
egg-cells become the relatively large and com- 
plex “ fern plants that constitute the spore - 
generation, and produce spores that gtTminatc 
into prothalli. The spore-generation, it is true, 
flourishes best in damp, shady places, but it is 
far less dependent upon moisture than tho pro- 
thallus is, and is adapted in many ways to 
comparatively dry conditions. Its sUm and 
leaves have firm coverings, by which undue 
evaporation is prevented, and are traversed by 
strands which conduct liquid from the roots. 

We are probably justified in looking upon the 
insignificant egg-generation (the prothallus) as 
being the much diminished repr.^sentativc of the 
remote aquatic ancestors from which the fern 
has descended, while the “ fern plant,” the spore- 
generation, is a special development that has 
graduall;^ arisen as an adaptation to the conquest 
of the land. As we pass up the scale to seed 
plants, we shall find that the egg-generation 
becomes more and more reduced, and the sfiore 


generation of increasing importance. And we 
shall discover the beginnings of flowers, which 
are simply special shoots bearing spore -leave:;, 
and giving themselves up to the production of 
spores, either all of one size, as in horsetails and 
club-mosses, or large and small, as in water- 
ferns and selaginella. 

Alternation of Generations in Seed 

Plants. All the fern-like plants are more 
or less thwarted in their attempts to do- 
minate the land, because they still retain 
in their life history an egg-generation (pro- 
thallus) which is very dependent upon moisture, 
and pi^ly becaifse the motile sperms, essential 
for the fertilisation of the egg -cells, have to swim 
to their destination. But seed plants, though 
they still retain an ^g-generation, have reduced 
it to very small ^mensions, and have so 
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arrived matters tliat they are no longer obliged, 
for its sake, to live with ” one leg in the water.” 

Let us, then, briefly consider the life history of 
a flowering plant in the light of what has just 
been said. The ” plant ” itself is the spore- 
goneration, and its flowers are arrangements for 
producing spores, in this case of two kinds, largo 
and small. The carpels are spore-leaves giving 
rise to large spores (embryo-sacs), contained in 
spore-cases (ovules). The Btamens aro also 
spore-leaves which produce small spores (pollen 
grains), developed in spore-cases (pollen -sacs), 
of wiiich four are embedded in each anther, 
at least, in pod plants. 

The egg -general ion consists of male and female 
prothalli. Tho male prothallus is very minute 
indeed, and represented by the contents of tho 
germinating pollen grain. The stigma provides 
tho necessary moisture for germination, or, in 
naked-seeded plants, this is provided by the 
scales of the female cones. We may regard 
tho pollen tulx' as a s].)erm -organ, and in most 
oases the motiU' s}x*rms have been sujK^rseded, 
some of the contents of the pollen- tube passing 
directly into tho egg-cell. \Uit eycads still 
produce sperms, whicli swim about in a small 
(juantity of fluid provided for them by tho 
ovule. It is not surjirising that these should 
be present in the eycads, for they are tho 
lowest of the seed plants, and tluu’efore most 
like the ferns, etc. Tiie female prothallus is 
represented by tho contents of the embryo- 
sac, and is safely sheltt^red within the ovule. 
In a naked-seeded plant, such as tho Scotch 
pine, this prothallus consists of a small mass of 
cells (endosperm) formed befort' fertilisation, 
and of a couple of egg-organs, something like 
those of a fern, but much reduced, and each 
producing an egg-C(‘ll. In a pod plant the 
female prothallus is still more reduced, and so 
are the egg organs, but there is a large egg- 
cell. All this may he expressed in the follow- 
ing scheme, which should he compared with 
that already given for s(*lagmella: 


The conspicuous parts of a flowrr Iiavc^ been 
develojK'd, as we have seen, for tho attraction 
of inseclH or other animals which carry about 
tho small spores (pollen -grains). We have 
considered the use and nature of seeds, and it 
will be sufficient to add here that recent 
research has revealed the existenee of extinct 
plants which possessed what may ho called 
incipient seeds, and which form a link Ijctween 
femlike species and eycads, the lowest seed plants. 

MOSSES AND LIVER-WORTS 

{Bryophytes) 

Descending a step lower in tho scale we now 
come to forms of plant life which are more 
dependent upon moisture than ferns and their 
allies. They also have begun the conquest of 
the land, but have not accomplished so much 
in that direction. Properly developed roots 
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and strandH of tissue (vascular bundles) which 
convey cnide and elaborated sap, and give 
support, are eminently characteristic of the 
higher land- plants, or, to speak more correctly, 
of the spore -generation of such plants. Mosses 
and liver- worts possess no proper roots, but 
only root-hairs, and their comparatively smiill 
spore-generation is only beginning to develop 
vascular bundles. 

Parts of a Moaa-plant [188]. If we 

examine a fruiting moss we shall see that it 
consists of a slender stem bearing numerous 
delicate flattened leaves and brown threads (the 
root-hairs). Attached to such a plant will be 
found one or more stalked spore-capsules. There 
is a well-marked alternation of generations, for 
the moss- plant itself is the egg-generation, and 
cftch si)ore-capHule a spore-generation. 

Egg • generation of Moss. Although 
mosses are closely wedded to damp surround- 
ings, they can stand a large amount of desicca- 
tion without being killed. But it is in the 
wettt'r parts of the year that they are in their 
prime, and we shall then find that groups of 
egg - organs 
and KjHTm- 
organs are 
developed at 
their tips, 
sometimes 
assoc ialed 
and some- 
tiucH not. 

In h a i r- 
mosses{A;///- 
trirhum) the 
ends of cer- 
tain plants 
present ag- 
gregaU's of 
red or 
orange - col - 
oured leaves 
[204J. If we 
dissect one 
of these so- 
ealltd “flow- 
ers of moss 
a group of 
sperm - or- 
gans will be 
found, each 
of which is 
a club- 
shaped 
8 1 r uct ure 
[205], within 
w^hich nu- 
merous motile sperms are produced. At the 
time of maturity the sperm-organ is forced open 
by the swelling up of mucilage, and the sperms 
make their escape. They swim about in the 
moisture, clinging to the moss — to them an 
ocean — in search of egg-celli to fertilise. 

Flask-shaped egg-organs [208] are produced 
at the tips of other moos-plants, or on the same 
plant, and in each of Uiese is an egg-oell. By 
the expansion of slime a passage in opened 
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down the neck of the flask, and, as in the fern, 
this slime exerts a chemical attraction upon 
sperms. If one of these microscopic bodies 
succeeds in finding its way dowm to the egg -cell 
it fuses with, and thus fert discs it. The fertSised 
egg -cell now actively develops to form the 
spore-generation or spore-capsule. 

Spore-generation of Moaa. The young 
spore-capsule develops within the egg-organ, 
which at first keeps pace with its growth [^7]. 
Ultimately, however, it is ruptured, and its 
upper part is carried up as a sort of extinguisher- 
shaped cap {calyptra) upon the capsule, which 
may be seen as a large fibrous structure in 
hair-moss. The spore -generation never attains 
an independent existence, but remains embedded 
as a sort of parasite in the egg-generation. The 
capsule which it bears is of very different 
size, shape, and structure in different species. 
Within it numerous dustlike spores are produced. 

Diaperaal of Moss-spores. The top of 
the ripe moss -capsule falls off, and the opening 
exposed is bounded by an elegant arrangement 
of tooth-like strips, the tips of which are some- 

tim ‘s at- 
tached to a 
c 0 n t r a 1 
membrane. 
But, in any 
case, the ar- 
range m c n t 
is very sen- 
si t i v c to 
moisture. 
Wet w’ e a- 
ther is un- 
fa v o urable 
for the wide 
distribution 
of the 
spores by 
tlie wind, 
and the 
teeth are 
then closely 
op posed. 
But on a dry 
warm day 
they curl 
up, leaving 
spaces be- 
tween them, 
through 
which the 
spores 
escape. If a 
moss - spore 
reaches a 

suitable damp spot it will germinate, giving rise tc 
branching green threads [protonema), upon which 
new moss-plants are produced as buds [208]. 

We thus summarise the life-history of a moss, 
placing the more important generation first; 
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1 Fertilifted egg-oell — 
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LJITHERTO, in our ntudy of the problem of 
* ^ organic evolution, we have conccntratt^l 
our attention upon the aspect of variation and 
selection. But we cannot fail to have been 
impressed with the fact that at the bottom of 
the whole problem there lies the question of 
heredity. Variation and heredity are the founda- 
tions of all theories of the origin of ajH^cies of 
plants and animals, and to the study of heredity 
we now turn. 

Importance of Heredity. Dr. Archdall 
Reid, in a most telling passage, thus describes 
the importance of this study. We quote it 
in the hope that we shall thus seizure in this 
course the careful atUmtion to this subj(‘ct of 
a large numl>er of readers and students. 

“ No kind of study can be made to lH*ar 
intellectual fruit of nearly such value as the 
study of heredity. It lies at the root of every 
science and (‘very study connected with life, 
from botany and zoology to medicine, sociology, 
or pedagogy. Who knows it not knows not 
life except in its superficial asjiects. He may 
be a student of philosophy or a worker in 
biological science, but in these days, when 
heredity enters so much into philosophy and 
links together so many biological scienc^es, h(* 
cannot In* a very effective thinker or worker. 
It furnishi^s a master-key to the more tre- 
mendous events of history, and is our only hope 
against disasters that loom great and terrible 
in the near future. It got^s (deep down to the 
springs of human life and thought and conduct, 
and explains why some nations are inheriting 
the earth and the fruits thereof while others are 
dying physically and mentally. The philan- 
thropist must know something of this science, 
or he will grope in the dark. The statesman 
must know something of it, or he may labour in 
vain. Transcending all else in importance is 
the educational value of heredity. No nation 
in which a knowledge of it was widespread 
could possibly be stupid or brutal. The habits 
of thought which must Iw brought to its study 
are exactly those which counteract the tenden- 
cies which have plunged so many races into their 
dark ages. So few are the essential facts of 
heredity, but so prolonged, close, and accurate 
must be the reasoning founded on them, that 
no great strain is placed on the memory while 
the reflective faculties are exercised in the 
highest degree. So largely would the student’s 
learning link up with the subsequent experiences 
of his whole life that little would be forgotten, 
and a sure foundation would be laid for a clear 
and wide intellectual outlook.” If such be the 
p^mise and such the reward of the study, who 
will be found refusing to enter upon it ? 
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What is Heredity ? No (|ucstKm in the 
whole world of biology is exciting such intcicst 
at the present moment as this one. Numbers 
of investigators are at work endiNivouring to 
supply the complete answer, which will include 
the explanation of the actual nature of the 
phenomenon as well as the statement of the 
laws which govern its operation. 

Obviously, in our study of the subject bore, 
the very first thing to he done is to have a clear 
and exact mental conce])tioii of what the t('rm 
“ heredity ” mi^ans. This is by no means so 
sinijile as might b(‘ thought. The word has 
passed into popular languagi* and writings, and 
is us('d in such a vagiu* and ambiguous manne" 
by all and sundry that it is not (‘asy to gain a 
scientific conception of its meaning. It is a 
commonplace of exprt'ssion t hat such and such 
a condition or charactt'ristic is “ hereditary." 
What do w’c mean exactly by that ? What is 
heredity ? Sometimes it is calked ix force, some- 
times a principle ; it is neithi‘r tht* one nor the 
other. It iBanamoappli(*dtoaquali<y or property 
which is passed on from one generation to the 
next in succi^ssion, a prop(‘rty by means of 
which the characteristic fi‘atur(‘s of an organism, 
and even minute details, are enahk‘d to ap|R<ar 
again in the ofTspring. It is th(‘ only way in 
which the present gen(‘ration of a race is related 
to that which pri*e(*ded it, and it is the only way 
in which the next g(‘neration will bc! related 
to this one. The relationship is in virtiu' of 
this projKjrty alone. 

In a word, her(‘dity is the name af)ph(‘d to th(^ 
relation which exints between ^ucceHnive yene.ra- 
tionn. Professor Arthur Thomson puts it 
thus : “ Heredity is a term for the relation of 
organic or genetic continuity which binds 
generation to generation. Similarly, inhcTitanei? 
may lx» defined as all that an organism is, or 
has, to start with, in virtue of its genetic relation 
to its parents and anix^stors.” We understand, 
then, by the word heredity that proiKuty of 
germ-cells in virtue of which certain qualities, 
traits, or charaedfus which wen^ present in 
parents or ancestors, are transmitted or (mabled 
to re&ppear in sulisequent generations or 
offspring. The adjective “ herexlitary " is a 
term applied to any quality which is thus 
transmitted or which thus reappears. 

The Basis of Heredity. The* next 
question which suggests itself is. What is the 
physical basis of heredity ? In whal^art of an 
organism does this property lie ? The answer 
is quite obvious in the light of the above defini- 
tions of heredity. The property must bc on(^ 
which pertains to germ -cells, because these alone 
are concerned in producing new generations 

1313 





MOMMY 


and individoala. The study of heredity, there- 
fore, must ultimately centre round the structure 
and functions of toe germ-cells. A germ-cell 
may, therefore, be compared to an individual 
to whom a fortune has been left in trust for 
future inheritors. The fortune is the inherit- 
ance of qualities derived from pre-existent 
generations. But in this case the germ-cell 
is not only the inheritor but the inh^itanoe. 

Now, in order to gain anything like a clear 
insight into the processes of heredity, it is 
absolutely neoessaiy, as Dr. Beard has pointed 
out, that an uninterrupted and continuous 
panorama of the whole course of development 
from one generation to another should be 
secured. This is obvious. It is impossible to see 
the course of events unless we see all that 
hapi>enH between one generation and the next. 
The essential idea in heredity is continuity, 
and, therefore, to see its course, we must find out 
what there is which is continuous from one 
generation to the next — physically continuous, 
that is, so that heredity may be possible. 

Continuity of C^rm-ceila. Heredity 
must be dependent on some sort of germinal 
continuity. The very fact of thert^ being such 
a phenomenon as heredity proves that some 
physical continuity exists between the cells 
which producti one generation of individuals and 
the csmIs which produce the next generation. 
The germ-plasm from which we sprang was 
continuous with that from which our parents 
came, and that with the germ -plasm of our 
grandparents, and so on backwards and back- 
wards, and still backwards — how far ? Think ! 
Back through the ages the thought takes us 
without the possibility of a break in the con- 
tinuity, until we come in mental conception to 
the first germ-cell that ever existed — the first 
apj)earanee of living protoplasm which was able 
to produce another piece like itself. Is there 
any more wonderful and marvellous thought in 
the whole realm of soient^e ? Is it any wonder 
tbat variation is a universal phenomenon ? 
When we consider the long line of ancestry of 
every individual, we no longer wonder that he 
differs from every other, even from his closest 
relations ; the possibility of variation is so 
immenw‘, even if it were restricted to all the 
ancestral characters, to say nothing of the 
tendency of germ -plasm to vary in new directions. 

A Double Inheritmnce. If we leave 
out of account the aisexual modes of reproduc- 
tion seen in lowly organisms and in partheno- 
genesis, and restrict our line of thought to 
what obtains in higher animals, it mill be 
apparent, of course, that the inheritance of any 
animal is a double one, coming partly from the 
father’s and partly from the mother’s line. It 
does not follow that the respective portions 
from each side can always be recognised in the 
offspring ; sometimes they can, sometimes 
cannot. Moreover, though we speak of the 
taheritanoe as being from tlie two parents, it is 
really from the ancestors as well, bmause of the 
continuity of the germ-plasm, and it is because of 
this continuity that every now and thep soone 
trait af^sears which was seen in neither parent, 
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but occurred in some previous generation, 
possibly in a very remote ancestor. ^ to which 
particular characters will appear, and which wiS 
not, in any given germ -cell which is fertilised, 
that is a question which is probably determined 
at the time of fertilisation, or soon afterwards, 
by some form of selection. 

But let us endeavour to secure the panorama 
suggested by Dr. Beard as essential to clearness 
of thought on the matter. How can we con- 
struct a picture to show the whole course of 
development from one generation to another ? 
If we can, this will show the line of heredity — 
the track along which it works. It must be 
possible, of course, in order that the features of 
one animal may bo reproduced in its offspring. 
There must be some cell, or cells, which are 
actually continuous, or which pass from one 
generation to the next, or which give rise to new 
cells in the next, thus reproducing the original 
characters. The necessity of this has long been 
recognised, and has resulted in some curious 
attempts to construct the desired panorama. 

Darwin's Theory of Pangeneais. 
We may note briefly in passing the effort 
Darwin himself made to answer this question to 
his own satisfaction ; how he tried to construct 
the necessary panorama of continuous cells 
from one generation to the next. 

In a letter to J. D. Hooker, Darwin expresses 
his relief at the forming of his theory “ from 
having during many years vainly attempted to 
form some hypothesis. When you or Huxley 
say that a single cell of a plant, or the stump of 
an amputated limb, has the potentiality of 
reproducing the whole, or diffuses an influence, 
these words give me no positive idea ; but when 
it is said tliat the cells of a plant or stump 
include atoms derived from every other cell of 
the whole organism, and capable of development, 
I gain a distinct idea. . . . Therefore, I fully 
be) lieve that each cell does actualiy throw off an 
atom, or gemmule, of ita contents ; but, whether 
or not, IJ^s hypothesis serves as a useful con- 
necting link for various grand classes of physio- 
logical facts which at present stand absolutely 
isolated.” Again, in another letter, he says: 
“ It often appears to me almost certain that the 
characters of the parents are ‘ photograpl^ * 
on the child, only by means of material atoms 
derived from each cell in both parents, and 
developed in the child.” 

Darwin’s theory of heredity by pangenesis is 
contained in the words quot^. According to 
this view, the various body-cells were supposed 
to give off small portions of themselves, oharaoter- 
istio portions, which in some manner became 
incorporated in the reproductive tissues. In this 
way the reproductive cells were supposed to 
contain samples from all parts of the b^y, and 
were thus abb, when they cbveloped, to repro- 
duce Ml organism like the parent. The vbw 
invedved the belief that the omm-oells wefe 
formed by each individual far me next genera- 
tion. The tiheoiy is of interest in the history ol 
the Bubfeot, but has now been entmely given up, 
as it is ab^utely uBSttf^iorted by tl^e facts hi 
embryedogy since ihsoovmied. 
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The Formation of the Germ -cells. 

Until quit-e recently all the world believed, as 
Darwin did, that the germ-cells which are the 
basis of heredity were formed in some way or 
other by the individual. It is still the popular 
idea. It is none the less an entire fallacy. The 
most striking fact which has been established 
by modern embryological research is that the 
germ -cells are formed cU a very early stage, before 
the apjwarance of any trace of an embryo. This 
is the essential point of the whole problem. As 
long as it was supposed that an animal had in 
some way to make its own germ-cells before it 
could have offspring, there was endless difficulty 
in understanding how these cells could get th(‘ 
parental characters impressed upon them in 
order to hand them on. Hence, arose theories 
like that of pangenesis. But the great discovery 
of modern embryological science has been tin' 
continuity of germ -cells. The germ -cells do not 
arise from the embryo or the adult ; they precede 
the embryo. I^io embryo, or individual, in other 
words, forms the germ-cells for the next genera- 
tion ; th€‘y are formed directly from the preced- 
ing germ -cells before any sign of an embryo 
appears at all. 

The Course of Development. What 
happt'ns, then, in the development of the ferti- 
lised ovum may l)e briefly sumnn^d up in th(‘ 
following statements, whieij are taken from th(‘ 
writings of Dr. Beard, the distinguished embry- 
ologist of Edinburgh University, It is e.-iscntial 
that these few facts Ih' clearly grasfK'd in order 
to understand and ajipreciate all the facts of 
heredity now known. 

(а) The primitive germ-cell, as the result of 
its division after fertilisation, giv(‘.s rise to a 
nuralx*r of primary germ -cells. 

( б ) One of these latter (primary g(‘rm-cells), 
and one only, is concerned in forming tie* 
embryo. This one is, to all appearance, like the 
others, an apparent identity all-important from 
the point of view of heredity. 

(c) The remaining primary cells, which are 
present in the fully developed embryo, give rise 
to secondary germ -colls, which are not capable 
of independent development, but which go 
through the various processes which rteult in the 
formation of eggs and sperms. 

(d) These eggs and sperms in their turn unite 
with sperms and eggs of other individuals, and 
a new cycle of development begins. 

Here is our panorama, continued from one 
generation to the next, showing clearly the liiu? 
of heredity, which is the line of ancestry, from 
emd through the germ -cells, and ncvcT from or 
through the embiy^o. Thus there is a real sense-, 
as Mr. Galton says, in which the child is as old 
as the parent, for when the parent’s body is 
developing from the fertilised ovum, a residue of 
unaltered germinal material is kept apart to 
form the reproductive cells, one of which may 
become the starting-point of a child. 

Part of the germ-plasm of the parent egg-cell 
is set aside from the beginning to form germ- 
cells for the next generation, a^ these portions 
are set aside first, as being the more important 
part of the whole business, before the develop- 


ment of the embryo begins at all. Thus, no 
embryo forms germ-cells — the gcrm-cells are 
formed first. The parent is, therefore, simply 
the trustee of the germ -plasm, not in any real 
sense the producer of the child. In a new sense, 
the child is a chip of the old block. Therefore, 
of course, like l^gets like ; it could not do 
otherwise. 

Continuity of Generation. 'Jo most 
of 118 this is a new thought. It is. a.s a 
matter of fact, not long since these facts became 
knowm, and many w’ho take a general interest in 
science have not yet grasjx-d them ; but it is 
(juite apparent that a simjilc n-cognition of these 
recent discoveries in (‘inbryology gives an 
entirely new’ aspect to our ideas of heredity, and 
accounts for much which has hitherto seemed 
wTapp(‘d in deep mystt-ry. So important is 
it to thoroughly understand this panorama of 
generations, that it may. ))erhnp 8 , be well to try 
to rejHoduce the idea in graphic manner. The 
continuity from one g(*neration to tin* next may 
he stateii thus : 

Sperm 



to form t lie 
fertiliHod ovum, <*r tlie 
primitive germ-eell. 


I 

I’liiH (li\id<‘H a gi\eii mimherof 
times end fornm tlie primiiry germ-eeiiM. 



One of tlieH4* onl.N lornm 
I lie embryo, wliieli as it 
develops melu(k‘H those 
previously foimed. 


'I'ln' lOMl lire secondary 
pM'i'iii-eells, wliicrh suh- 
H<‘i|nently f(*rm I'ppH oi 
speriiiH -- i.r., they are i he 
P«‘rm-eellH of tlu' ni'Nt 
peneriit loii. They can- 
not devi'loj) ind<'p(ui- 
dentJ> . hut wlien the\' 
unite with tin' epp or 
H})erm id anof her in- 
do'idual, o new eycU* 
hepinn as hefon* 

Epp Sfieirn 



l’nit< ., as aliove. 


Thus we see that the lirn* of ancestry and 
heredity is through the geiiii-cclls alone, and 
never through the embryo or individual. Tin- 
embryo apfiears as a sort of side issue, os far as 
the line of lieredity is concerned. Instead of the; 
individual interrupting the line of heredity, as 
was formerly thought to hapficn — i.e., when it 
was thought that the individual produced the 
germ -cells — we now see that the production of an 
embryo makes no difference as far as heredity is 
concerned, except in so far as the germ-cells 
come to lie within it. 
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The Real Facta of Heredity. The 

contrast between tbc two view* — the cM theory 
and the new fact — U as follows : 


TH K OLD THEORY OF THE 

1,1 KE OF HEREDITY 

!*ar«nl Individual. 

I 

l*ri>diiccH gcrm*oelto — 
i.f., f’KKH, or sperms. 

I 

'J’iiese being fertilised, 
pMxJiiee an embryo, 
in’bicb in Its growth pro- 
ducoK gerin-cellsatsome 
jienod before it boeoinea 
in its turn h 


rureiit individual 
again. 

I 


THE REAL FACTS OF TBS 
LINE OF HBRElItTY 
An original germ -cell, 

f 

which, on being ferti- 
lised , produces nutre 
germ-ce/A (one of which, 
arid on© only, can be- 
come an embryo and 
dmelop into an indt* 
vidual). 

I 

I'hese g e r rn • o e 1 1 8 , 
which are included m 
t h<^ cm hryo, remain until 
they in turn liecoino 
fertilim d, when they pro- 
duce another generation 
of germ-<'ellM (on© of 
which de\e|o}m into an 
©inhryo). 

t 


etc. etc. 

On the old view it wa«, of eourHC, iinpoHaible 
to atieount for tin* facts of hen*dity. None could 
explain how the eharaeters of the parent earne to 
impr<*rt8ctd, ow it wan culled, upon the child. 
lft‘ne<‘ th(*orieH like that of pangenesis. But now 
that we know' that germ -cells never arise except 
from germ-cells, that they arc never firoductnl 
by the individual, that they art* simply con- 
tinuous with pre-existing germ-cells, it btreomes 
<|uite easy to see tvhy the main characU'rs of a 
nuie are always very much alike, and how' a 
character once apjauiring in the germ -plasm is 
transmitttd to generation after generation. 

In the alrove statement of the casc% we have, 
for the sake of simplicity, assumed that we are 
dealing w’ith a verU*brate which has only one 
embryo at a birth. 'Phe case of twins or plural 
births m«d not be represenUni, lis it does not 
affect the present point. The clear demonstra- 
tion of this panorama from generation to genera- 
tion is the brilliant result of ytmrs of research on 
the Mrt of Dr. Board, of Edinburgh University, 
to whose wTitings we must go for the details of 
the 8ubje<‘t. 

“ The likeness of all the primaiy germ -cells 
is cH*rtain, or almost so ; absolutoly nothing 
suggests unltkeness among them. This essentieu 
identity, or equivalenoe, of all the primary germ- 
eelte is immensely important from the point of 
view of heredity. ... It is it, and it alone, 
which permits of the handing down of the 
characters of one generation to future genera- 
tions. It is the very basis of heredity. The 
formation of like primary germ-cells their 
essential similarity, or equivalence, show how, 
in sexual reproduction, the offspring resemUe 
their parents while differing from them. The 
likeness in the primary germ-oeUs leads to like- 
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ness m the ofikpring, and along with tins uiilike- 
ness is bound to come in. For the primary 
germ-cells themaelvee give rise to secondary 
germ-cells, which have lost their powm* of inde- 
pendent developm^t. It is tbe^ and these 
only, as a rule, which are present in the finished 
embiyo. They and their progeny are never 
capable of normal independent development (in 
the vertebrata) ; but it is their destiny to go 
through the process of the reduction of chromo- 
somes, with the ensuing formation of sexued 
products, or gametes, eggs, aixi spermatozoa. 
Here, as is of ooume now generally recognised, 
unltkeness enters.” 

We need not follow these fascinating researches 
further, our present puipose being to gain a 
clear idea as to the actual basis of heredity and 
the course of its path from one generation to 
the next. We must now pass from one phe- 
nomenon itself and glance, as far as space wall 
allow, at the efforts whkh have been made to 
discover the laws which govern its operation. 
We can do no more than merely state these 
here. Their discussion would involve a large 
volume. 

Gal ton's Law. It is to Francis Galton 
that we in this country owe the collection and 
arrangement of an enormous mass of facts on 
heredity, and his example has been followed by 
a niiraber of other workers from various points 
of view’. The observations and calculations 
from which we deduced what is known as 
” Galton's Law of Ancestral Heredity” were 
obtained from the registered colours of a pedi- 
gree stock of basset hounds. These hounds, 
originally purchased by Sir Everett Millais, 
re«ultt*d, after years of breeding, in a collection 
of 817 hounds of registered colours, desc;cnded 
from parents whose ('olour is also known. In 
5()7 ('ases the colours of all four grandparents 
are known ; and of these, in 1^ cases the 
colours of all eight great-grandparents are also 
known. The calculation from these facts is 
in the original paper read before the Royal 
Society, on June 3rd, 1897, and the law itself 
may he stated as follows. 

<lalton supposes that of its total heritage the 
individual receives from its two parents one- 
half, from the four grandparents one-fourth, 
from the eight great-grandparents one-eighth, 
from the 16 great-great-grandparents one- 
sixteenth, and so on in aeries, the sum of the 
total contributed heritages being equal to one. 
The law is thus a statement of the average 
contribution of each several ancestor to the 
total heritage of the offspring. The two 
parents between them contribute on the average 
one -half of each inherited faculty, each of them 
contributing one quarter of it, and so on as 
above stated. 

T he most obvious criticism which has been 
directed to this law' is that the theory demands 
that there is an absence of relationship among 
all the ancestors, in fact, that there shall be no 
inbreeding. 

Professor Karl Pearson has since formulated 
a modified statement of this law. 

CotUimmai 
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Negotiability. Endorsement. How to Date a Bill. Bills 
Payable and Bills Receivable. The Bill Book. Discounting 


('ontliiiiptl from 


By A. 

'TRANSACTION (m) will be dealt with im- 
* mediately after (n). 

Sept. 26th. Received and discounted J. 
Wake’s acceptance for £20 lOs. 6d., the 
bank charging Ss. for discount. 

Into this brief sentence is (‘ompressed the 
narrative of three events, all occurring on the 
Biime day, but distinct from one another. 

1. Receipt by Bevan & Kirk of acceptance 
from J. Wake. 

2. Sale of acceptance by Bevan & Kirk to 
their bankers. 

3. C’hargc for interest by Commercial Bunking 
Co. against Bevan & Kirk. 

Let us carefully consider these thr€*e events. 
First, let us try to understand their total, or com- 
bined effect ; then let us study each event 
separately. 

Referring back to (i), we there find the original 
proposal made by Bevan & Kirk as to payment 
of amount due from Mr. Wake. It is true the 
proposal was couched in peremptory language, 
but that was necessary in order to comply with 
the Bills of Exchange -Act 1882, which defines 
a bill of exchange as an unconditional order in 
writing. None the less is Mr. Wake at lib<'rty 
to decline Messrs. Bevan & Kirk's pioposal, and 
if he so declines, there is no agreement — no 
contract ; consequently there is no transaction 
capable of being recorded in t^Tins of double 
entry. But Mr. Wake has accepted Bevan & 
Kirk’s proposal, and in the result we have the 
completed mercantile contract as shown here- 
under : 


. WINDUS 

name, acceptor , was conferred upon the dra^\l•e. 
With the document in their hands, are Bevan & 
Kirk any better off than they were before ? 
Undoubtedly they are. In the first place, tluy 
have the debtor's written engagement to pay 
the debt within a definite period, and since this 
engagement is contained in a bill of exchange 
the amount of the debt is no longer open to 
question. The debtor is bound to pay it without 
dispute at maturity of the bill. 

Negotiability. Further, tlie acceptance is a 
negotiable instrument. What this means may b(' 
partly inferred from the fact that on the same 
day as they received it Bevan & Kirk disposed 
of it to their bankers, who gave credit for it in 
account, at the same time charging 3s to 
Bevan & Kirk for discount. 

That quality or property of bills of ex- 
change which (*nabl(*K them to lx* bought and 
sold as readily as tea and sugar is termed 
negotiability. This property belongs to other 
instruments besides bills— to promissory notes, 
for in.stanee, and to cheques, divid(*nd warrants, 
etc. (3ie(jues, however, an* fre(|uently mark(*d 
“not negotiable,” a somewhat misleading term 
for the unwary. It may bo advisabh*, fher(*fore. 
to return to tlu* subject of negotiability at a 
future stage. For tin* present, l(‘t us note that 
when an instrument is negotiable, tlu* title 
thereto passes by m(*re di'livery, or by endorse- 
ment and delivery, and tlu* holder who has couu* 
honestly by it has all the rights and n<»ne of the 
disabilities of ])revious owners. 

We may apply thes<* rules to tlu ense. 



When the bill was first issued, it was called a 
draft, because it was “ drawn *’ by Bevan & 
Ki^ on their debtor. But from the moment 
that it was “ accepted ” by the drawee ( J. Wake) 
it became known as an acceptance, and a new 


before us. The acceptance by Mr. Wake, due 
three months hence, has in effect extinguished 
the present claim of Bevan & Kirk against 
their customer, because neither they nor any- 
one else can demand payment until the bill 
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ialis due. From the point of view of Mr. Wake, 
this is a very convenient arrangement, as it gives 
him time to sell the goods be purchased from 
Bevan & Kirk Ixsfore Doing called upon to pay 
for them. This is, indetxi, one of the uses of 
credit whereby business men are able to trade 
on a comparatively small capital. 

Wholesale and Retail Firms. Let 
us see how the wholesaler or the manufacturer 
fares under this system. With Bevan & Kirk 
bill transactions are the exception rather than 
the rule, most of their customers preferring 
to pay promptly for the sake of the cash dis- 
ciounts, but in many wholesale and manufac- 
turing buHinesses (hardware and machinery, for 
example) bills are the recognised medium for the 
sc^ttlemcnt of accounts. When, on the one hand, 
a great many sales are effected on long credit — 
three months, four months, and sometimes six 
itumths — and, on the other hand, purchastis 
must be paid for within thirty or forty days from 
invoice dates, while a largo sum is naid away 
every we(^k in wages, it is evident tnat, apart 
from outside aid, even conoems of the very first 
magnitude must oceasionally find thc'inselves 
un(u)rnfortably near the end of their cash 
resourci'H. 

But take a smaller business by way of 
illustration. The bank balanc<‘ of the (iourock 
Hardware Company, limited, cm December 1st 
last, was 1 4s. (kl. The com])nny usually 
allows four months’ credit for gocxlH sold, taking 
bills in setthmient. August, however, was a very 
slack montli. 'Du* total sales for tlie month 
(lid not exec'cd £4,(MK), whieli represents the 
maximum amount receivable by the company 
in Decc'fnbt^r, when the August acceptances 
mat ure. Ihit in December the factory is running 
full time, and wages have to l>e provided for at 
the rate of £r>(H) a wt'ok. Purchases to the 
extent of £2,5(K) must also be paid for if advant- 
age is to be ta’.en of discount terras offered by 
the sellers. We may summarise the position 
thus : The bank balance on the tirst day of 
IX’icember is about £150, and it is assumed that 
during the month £4,0(K) additional wdll be 
n'ceivtni. That is to say, £4,150 in all will b(' 
available for the jwiymtmt of purchases and 
wages, together amounting to not less than 
£4,500. 

Current Liabilities. The company there- 
fore n^sort to their bankers, who agree to pur- 
chase £1,000 worth or so of current acceptances 
recently received by the company from their 
customers, provided the company will guarantee 
their due payment at maturity. With this 
assistance we company can pay its way in 
December, at all events, or, as the secretary 
would express it, his company is ** able to 
meet current liabilities as they arise.” Traffic 
in bills of exchange is practically confined to 
bankers and bill brokers, and already, perhaps, 
we begin to perceive in some dim fashion that 
the banker is a very useful link in the chain of 
commerce w^hich encircles the globe and binds 
the nations together. 

Returning to transaction (n), we shall see that 
what the Hardware Company did on a large 
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scale, Bevan & Kirk have done cm a smaller 
one. On receiving Wake’s ac^ceptanoe, 
sell it to the bank for its full face value of 
£20 lOs. fid, and this amount is at once ^aced 
to their credit in the bonk ledger. Thus Bevan 
& Kirk get their money quite three months 
before they can legally demand it of Wake. 
Virtually, their bankers have paid the debt on 
J. Wake’s behalf, so that the acceptance now 
becom(*s the bank’s property, and when it falls 
due the acceptor will have to pay the bank 
and not Bevan & Kirk. But now is Wake 
to know that he will be doing right in making 
payment to the bank instead of to his creditors, 
Messrs. Bevan & Kirk ? The answer is that 
he is bound to pay the hoHer of the bill who 
presents it for payment at maturity, no matter 
who this may be, unless he has reason to suspect 
some flaw in the holder’s title. Accordingly, 
when the day of reckoning comes, he pays that 
})erson who actually shows him the acceptance 
he originally gave to Bevan & Kirk — that is, 
who “ presents it for payment.” The payee 
thereu})on delivers up the bill to the acceptor, 
thus putting an end to Wake’s liability in respect 
thereof. 

Endorsement. ITicre is a very important 
formality connected with the transfer of the bill 
from Bevan & Kirk to their bankers, which must 
not iKJOverlooktid — namely, endorsement. Before 
Bevan &. Kirk sent Wake's acceptance to the bank, 
they endorsed it, which means that they signed 
the fimi namo on the back. Nowa bill of exchange 
is oblong in shape, and custom has decre^ 
that endorsements tliereon shall be at right 
angles to tjfe writing on the other side. More- 
over, the first, or only endorsement, should bo 
at the U)}) of the pap<jr rather than in the midcile 
or at the bottom ; and then other signatures, 
if any, may follow in the order in w'hich they 
an^ endorsed. 

Perhaps it may lie useful to give a simple rule 
for ascertaining which is the top of a bill or 
cheque for the purpose of endorsement. Take 
the top left-hand corner of the dexjument 
bc'tween the left thumb and forefinger, the latter 
being underneath, and turn the paper over in 
8U(‘h manner that the positions of the thumb 
and forefinger ore reversed, but so that the 
forefinger shall still be at the top left-hand 
comer. This can be done by a single turn of the 
wrist, and its effect will be to bring the paper 
into the proper position for endorsement. 
The subject of endorsements will be considered 
more in detail later, but the important point 
to remember is that an endorsement operates 
as a guarantee by the endorser that the acceptor 
will pay the bill at maturity. 

The endorser is really a surety for the principal 
debtor, the acceptor, so that if for any reason 
the acceptor dishonours the bill, the holder 
would look to the surety or endorser for payment. 

The BanK’s Charge for Discount* 
We have seen that J. Wake’s acceptance was 
purchased by the bank — that is, the bank has 
bought the right to receive from J. Wake in 
three months’ time the sum of £20 lOs. fid. Hus 
right originally belonged to Bevan A Kiik» 



who sold it to the bank. For how much ? 
NominaUy for its full face value, but actually 
for something less. Examining the transaction 
again, we notice that the bank charges 38. for 
discount, which represents t he value of the benefit 
derived by Bevan & Kirk from having the bill paid 
now instead of three months hence. We observe 
that the discount rate is 3 jM?r cent., and this 
information will enable us to test the correctness 
of the bank charge. But first we must discuss 
the due date of the bill. 

Dating a Bill. What the Bills of Exchange 
Act has to say as to the computation of the 
time of payment is to be found in the four- 
teenth section. The section states that where 
the bill itself does not otherwise provide, and 
unless it is drawn payable on demand, the time 
of payment as fixea by the bill is extended 
by the addition of three days of grace, and the 
bill is payable on the last day of grace. But 
“ when the last day of grace falls on Sunday, 
Christmas Day, Good Friday, or a day appointt'd 
by Royal Proclamation as a public fast or 

thanksgiving day, the bill is 

due and payable on the preceding business day. 
When the last day of grace is a Bank -holiday 
(other than Christnuis Day or Good Friday) 

the bill is due and payable^ 

on the succeeding business day. VVlu^n* a bill 
is payable at a fixed period after date .... 
the time of payment is determimKl by excluding 
the day from which the time is to l)egin to run, 
and by including the day of paynu'iit. Tht* 
term ‘ month ' in a bill means calendar month. ' 

We can now, with this as a guide, calculate 
the due daU‘ of Wake’s acc(‘ptancc. which is 
made payable three months after Sejitembcr 
22nd, IffOf). From Septemlier 23rd to December 
22nd there are three calendar months, add three 
days of grace, and we arrive at Dc'ccmlK^r 2r)tli 
as the day for payment, but since this is (’hrist- 
mas Day, the bill is due and payable on l)eceml>er 
23rd, the preceding business day. Now, the 
argument of the bankers is this. Say they : 
We paid the amount of Wake’s bill to B(‘van k 
Kirk on September 26th, or 88 days before we 
can obtain the money from the acceptor. We 
must therefore charge our customers, Bevan & 
Kirk, interest at the rate of 3 p<'r cent. jx*r 
annum on the amount of the bill for the whole 
period during which we have to lie out of our 
money, and 88 days’ interest on £20 10s. 6d., 
at 3 per cent, per annum equals 3s. 

Discount. Theoretically, this contention is 
a sound one, and unless the total amount of 
bills under discount is large, it causes no appreci- 
able difference in results. Nevertheless, bankers’ 
discount is not exactly the same thing as true 
discount, m may be proved from the case of 
the Gourock Hardware Company, already 
cited. The Hardware Company discounted 
about £1,000 worth of acceptances with their 
bankers at 4 per cent., which, if we allow the 
average due date to have been three months 
from date of discounting, would give £10 as 
the bank charge for discount. The net amount 
received by the company was, therefore, £990, 
but if £990 were put out at 4 per cent, interest 
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for three months, it wtmid not amount to 
£1,000 but to £099 18s. only, the difference of 
28. representing the difTt'rtmcc between bankers’ 
discount and true discoimt. 

Bills Payable and Bills Receivable. 
We have now fulfilled our object of studying 
the ccmb.ned effect of the three events narrated 
in (n). VVV have still to record them in Bevan 
& Kirk's books of account. As so often 
hapj^ns in bookkeeping, two methods of 
making the original entry are here open to us. 
The one w’e shall adopt is perhaps the simpler, 
but an opportunity of showing the altemativ^e 
method will not b(' neglected. 

Accountants divide bills of exchange into 
two gnmt classes -Bills Receivable (B/R) and 
Bills Payable (B/P), but these terms embody 
merely a relative truth. 

The fact is the same bill may Ih' describtKl 
by one person as a bill receivable and by 
another us a bill payabh*. Its characU'r changes 
with the 8tand{K)int of the persons affected. 
To Bevan k Kirk, Wake’s acceptance is a 
bill receivable because it represents a sum of 
money receimhle by the firm ; to Wake himself 
it is a bill payalile Ixxiause it represents a 
sum of money jxiyahle by him. Our conct'm at 
the moment, how'ever, is with tlu* Inioks of 
Bevan k Kirk, and we must thendorc regard 
Wake's acceptance as a bill receivable. Seeing 
that the bill was discounted on the day it was 
receiv(‘d there is no real objection to our looking 
upon it as cash. W(‘ treat cheijues received as 
cash because we believi^ that when they are 
sent to the (’ommercial Banking (-ompany by 
Bevan k Kirk the sums they n'prc'sint will 
be spe(*dily colk'cted from the banks on which 
the ch(‘(iucs arc severally drawn, and that th«‘ 
proceeds will b(‘ at once crcdit<‘d to the banking 
account of Bevan k Kirk. 

Contingent Lriability. In the case of 
cheques it is always possible that one or more of 
them may not be met, so that, even though the 
same element of doubt exists in the case of a bill 
receivable discounted, that is not a sufficient 
.reason why we should not enU*r it as a cash 
item, esjK‘cially as in the meantime, whatever 
may be the ultimate fate of the bill, it has lieen 
sold to the bank, wdio have given credit for saim^ 
in account. Accordingly the entry will bc^ found 
on the debit side of the cash book {q. t>.), under 
dat<‘ of September 2Gth. 

But we must not entirely ignore the element 
of doubt just now mentioned. We know that 
if Mr. Wake fails from any cause to discharge 
his acceptance on December 23rd, the Com- 
mercial Banking (Company will require Messrs. 
Bevan & Kirk to do so in his stead. Some 
provision must, therefore, be made in the Ixioks 
of Bevan k Kirk, safeguarding them against 
being taken by surprise i)y a claim of this sort 
arising at an inconvenient time. This protec- 
tion is afforded by the bill book, which, as 
explained, belongs to the supplementary group 
of counting-house records, itie book, properly 
kept, may be made to furnish a variety of 
useful information, as will be seen from the 
specimen given on next page : 
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The Bill BmII. AH bills should be entered 
in the bill book, with the particulars called 
for by the various columnar headings, bills 
receivable in the section devoted thereto, and 
likewise bills payable in their own section, 
which will be exhibited when we study trans- 
action (m). A faithful record of all bills 
receivable would declare their several due 
dates, including the due dates of those under 
discount, and it would then be an easy task 
for the accountant or his principal to run 
through the bill book at the ^ginning of each 
month, taking a note of all bills which require 
attention ; some because, perhaps, they are 
under discount, and may possibly be dishonoured ; 
others because they, though not under discount, 
but locked up in the safe, mature some time 
during the month, and must be sent to the 
bank in good time for collection. 

A further word on bills discounted by the 
bank. As a rule, no one can be certain until 
tlui day of payment arrives whether an accept- 
ance will l>e paid or dishonoured. Of course, 
if the acceptor goes bankrupt between the time 
when he accepk^d the bill and the due date it 
is a foregone conclusion that the bill will not 
be paid in full ; but apart from this there is 
always the contingmcy that the drawer may 
called upon to pay the liolder of a bill at 
maturity. If the acceptor pays, well and good ; 
the drawer is releast^i from further liability 
and the contingency disappears. If, however, 
the acceptor fails io pay, the contingency is 
translated into a certainty. Whereas, before 
there was merely a amtingent liability^ the 
drawer now labours under an actual liability. 

Discounting a Bill. The concluding words 
of (w) are : “ the bank charging at the rate 
of 3 }>er cent, p.a, ~ 38. (see pass book).” We 
have called this charge Interest in one place and 
Discount in another. The double description 
should serve to remind us that what is loss, or 
disc ount, to Bevan & Kirk, is gain, or interest, to 
the bank, the fact being, as we have seen, that 
the t'ommercial Banking Company have charged 
interest in advance on the amount of Wake’s 
acceptance. The method of calculating this 
interest has been shown ; we know also that the 
operation in its entirety is termed discounting^ 
and we may add that when we speak of “ dis- 
counting ” the pretensions or promises of indivi- 
duals we are borrowing the language of Finance. 
To discount is to take something off the count. 
It is clear that this has been done with Wake’s 
acceptance, because, while the bankers have 
credited the full amount to Bevan A Kirk’s 
account, they have at the same time debited Ss. 
thereto, and the net result is that Bevan & Kirk 
receive credit for £20 7s. 6d. only. Failing a 
special application to the bank, Bevan A Kirk 
have no intimation as to the amount of the 
disco nt charge until th^ obtain their pass book 
on September 28th. llien they find in the 
pocket of the pass book a debit slip for 3s., along 
with a Duml^r of their own cheques, which, 
having been paid by the Commercial Banking 
Company, are now returned cancelled. 

Cofntinutd 
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L#ap Windings and Wave Windings. similar loops in the other slots? Suppose this 
We have seen that the proper breadth of each machine had been an 8-pole machine, with 4(» 
loop of the winding is that it should l>e slots. (A real mac'hine would have a larger 
approximately equal to the pole-pitch— that is, number of more slots, but we take this small 
the arc from the middle of one pole-face to the number as being manageable.) That mtikch 
middle of the next pole-face. We have also live slots jx^r pole. Them, if the slot und<‘r the 
seen that the loops should be joined up in a middle of the south pole bo regarded as slot 
regular series. But there are two modes of No. 1. the slot under the middle of the north 
doing this, and they lead to slightly different pole will slot No. 6. There lu'ing two con- 
results. Those two modes of grouping the doctors in each slot, we may number thmn as 
eoUs are termed respectively lap windiwj and follows. Conductors in the to])S of the slots will 
wave winding. To understand these mod(‘s, be called 1, 3, 5, 7. etc., w'hile the conductors of 
lot us adopt a method of represtmting a the lower layer in the bottoms of the slots will 
current flowing in a wire. It is easy enough beeven niiml>er8, 2,4.b, H, etc. Our typical loop 
to indicate which way a current flows in a is made by joining w ire No. 1 to wire No. 12, 

wire by simply drawing an arrow by the side We may make similar loops by joining No. 3 to 

of the wire to point the direction, as was No. 14, and No. 5 to No lb, and so on. Now, 
indeed done in the aiticlt‘ on battenies to join the looj>s together into a continuous 
[p. 465], But wo need also a way of showing winding. tlu‘ sim})h‘st way is to join the end of 
the direction of the current in diagrams that the first h)op to the beginning of the; si'cond. 

show the section of an armature, wheie the cross- the emd of th(‘ second to the lieginning ot thr 

section of the wire appc'ars nn rely as a small third, so that th(‘ ord(‘r in which the coiuhiclors 

circle. To indicate a current an* joincxl up is 

coming towards us in such 
a section, we will ])ut a 
dot in tho middle of th(^ 
small circle ; and to indicate 
that a current is going from 
us, wc will put a cross in the 
circle. Now let 65 nipresent 
a section of a piece of an 
armature of a multipolar 
dynamo that has the wind- 
ings laid two -deep in slots. 

Let us suppose this arma- 
ture to be revolving right- loops are (’onnected up other modi* of grouping 

handedly past the poles, as in called yxirc winding, i'o 

shown by the dotted arrow. Then, by applying carry it out we shall need an odd number of slots 

the right-hand rule [p. 1105], it is easy to ascer- —say, 39 insteiul of 40. The first slot will con- 
tain that the induced currents will be flowing tain conductors Nos. 1 and 2, the last shd .Nos. 77 

towards us in those wires which are moving and 78. Now consuh r the loof) made by Nos. 1 

past the south pole, and will be flowing from and 12. Instead of lapping back to the loo[> rnarJe 

us in those wires which arc passing under the up of Nos. 3 and 14, connect the w mding forward 

north pole. (If the motion were to be to a loop surrounding the n(*\t north poh* further 

reverseo, the directions of the currents would, on — namely, the loop nnule up of Nos. 21 and 

of course. Ire also reversed.) Accordingly. 32— and let this be again jointed forward to the 

mark these directions with dots and crosses, loop opposite the next south inrle in rigulai* 

as in 66. Now consider a loop made of two succession. Four such loops will then run as 

of these conductors by joining their distant follows : 1-12-21-32-41-52-61-72; and this 

ends by an end-bend (shown dotted), their front has brought us round not to the* slot from wlm li 

ends being brought out towards one another. we start^, but to the one next to it. It will be 

We select as one conductor a wire in the top of a seen that the successive steps forward aic values 

slot under the middle of the north pole, and, a.s of 11 for the front pitch, and of 9 for the back 

the other, a wire in the bottom of a slot under pitch. If we continue on, we should have, after 

the middle of the adjacent south pole. This 61-72, the numbers 81 and 92. But there an; 

constitutes a typical loop, and we see which only 78 conductors in all, so that the Slst is 

way'the current will flow around it. really No. 3, and the 92nd is No. 14 ; so we get 

Successive Laps. Now, the question for the next round of the series : 3-14-23-34- 

Ib, how shall we join up this loop to other 43-64-63-74 ; and so on until we have gone 



M2-3-14-5.1()-7-lS-9-2()-ll, 

etc. 

It will s(*cii that In tlii.s 
modi' of joining t/i^ trinding 
hi y.** Ifuvk upon itsilf. the 
loop 3-14 overlapping 1-12, 
and HO on. It tlu' series bi* 
continued, wc go right round 
tlio whole lot, and end olT us 
follows ; 6t)-H9-71-2 T.’L l 

75 6-77-8-79-10-1. 

Successive Waves. 
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through the wht»le net and wind up on the 
eighth round a« foUowH : 

19-30-39-50-59-70-1-12 ; 
thuH ending by becoming re-entrant. 

Anyone who wants to become familiar with 
wave-windings should draw a diagram of these 
39 slots around a circle, and join up the con- 
ductors in the fashion followed in 68. We shall 
merely remark that while for a lap winding any 
number of slots, odd or even, can l>e used, for a 
wave winding the numlier of slots must be odd. 
and must fulfil the formula S - p// - 1 ; where 
S is the numlierof slots, 
p the number of poles, 
and y the average num- 
ber of slots of the winding 
pitch (in the above case 
// = 5). 

Paths Through 
a Winding. It WilS 
remarkinl above tliat in 
any re-entrant winding 
there are necessarily iit 
least two paths for the 
current. We have next 
(o examine this |M)int 
more closely. To help us 
in this let us consider 
a 4 |M)le machine such 
as 44 . 1’he i-urrents m 
the conductors that an* 

])assing undc'r the poles 
will have directions as 
already determiiu'd hy 
the rule of the riglit 
hand. N(»w eonsi(ler 
the winding scheme for a 4-p()le machim*, 
as simplified in the diagram [66] Here then* 
iu*e supposed to lx* only 1 2 slots, with tw'^o 
eonduetois in each, 'the b ur magnet -poles an* 
not drawn, they must be imagimsj : and wi* 
ean desiribc* th(*ir positions by the respts*tive 
(1 u a d rants 
they face. Ibil 
we see that if 
the* four poh‘s 
stand as in 49 , 
and if the 
armature is n*- 
volving right- 
handedly, as 
m 66, the in- 
duced currt'nts 
w ill he flowing 
tow’ards us in 
all wires that 
an* passing through the NW and SE ejuad- 
nvnts (Ixung marked with d<)t.s), and will lx* 
flowing from ut\ in all wires that arc (xvssing 
through the NE and SW quadrants (being 
markiHi with in the diatom). Now' let 

those 24 conductors be joined up in a lap winding, 
taking the back pitch as 7 and the front pi tern 
as 5 — tliat is. No. I conductor is joined at the 
book of the loop to No. 8 conductor — and then 
let the oonneotion at the front from No. 8 lap 
back to No. 3. The numbering and connections 
of the various conductors is perhaps better 
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understood by use of a developed winding diagram 
such as 67 , which represents the same winding 
as though laid out flat. In the rculial winding 
[66] all the end-bends of the loops that are 
at the “ front,” or commutator, end of the 
armature, are drawn at the interior, while all the 
end-bends at the “ back ” of the armature are 
drawn at the exterior of the diagram. Now, to 
both these diagrams [68 and 67] let us add arrow's 
to show the directions of flow of the currents. 
For example, in conductor No. 1, W'hich is in the 
Nfil quadrant, the cross in the small circle 
indicates that the in- 
duced current is flowing 
from us. Let us then add 
arrow'-heads on the front 
end - l>ends leading to 
No. 1 in that at the back 
leading from No, 1 to 
No. 8. When w'e shall 
have similarly marked 
all the connecting wires, 
we shall discover that 
there are four points on 
the winding to or from 
which the currents con- 
verge. lluis, two cur- 
rents run to converge 
toward twh of the two 
points marked P (posi- 
live), and tw o others run 
from, each of the two 
jx)ints marked N (nega- 
tive). As shown in both 
66 and 67, the windings 
are joined at regular in- 
tervals by riscis to the bars, or segments, of th(* 
eommutator, me. ked a, h,(\ d, etc. A little con- 
sideration will show that it is just at these four 
points marked N, P. N, P, that the brushes must 
be set to collect the currents. The two positive 
brushes at PP must he joined together and 

connected t o 
the positive 
main of the 
circuit ; and 
the two nega- 
1 1 V' c brushes 
at NN must 
similarly 
be joined to 
the negative 
main of the 
circuit, and it 
now becomes 
evident that in 
this lap-wound 4-pole armature there will be four 
})aths — all “in parallel" with one another — from 
the negative to the positive side. If the machine 
were delivering, say, 100 amperes, 25 amperes 
w ould flow along each of the four paths. This is 
one of the properties of a lap wrinding — there will 
be as many paths through the armature windings 
as the machine has pedes ; and there will be 
needed as many sets of bmshes around the com- 
mutator as the machine has poles. 

Series Parallel Circuite. Now turn 
to the case of the wave winding. The ewre- 




spoDding diagrams are given in 68 and 69 , the 
former being a radial diagram, and the latter a 
developed diagram. The number of slots is 11, 
of conductors 22, and of commutator bars 11. 
It is still a 4-pole machine, with induced cur- 
rents coming toward us in the NW and SE 
quadrants, and going from us in the NE and SW 
quadrants. The winding pitches back and fiont 
are both 5, for No. 1 is joined at front to 
No. 6, and No. 6 at back to No. 11. If now wo 
think out the directions of the currents, and 
draw the arrow-heads in all the cnd-lionds, we 
shall discover that there 
are only two points in the 
winding where the cur- 
rents converge — one P 
(positive) and one N 
(negative). In this case, 
therefore, the adoption 
of a wave winding leads to 
the result that though 
the machine has four 
poles, there are imly twft 
'paths in parallel through 
the armature^ and two 
brush-sets only will be 
needed, and these must 
be set at a distance of 
one pole-pitch apart on 
the periphery of the com- 
mutator. It is a profx'rty 
of a wave winding (if 
made like this, with one 
slot fewer than an exact 
multiple of the number of 
poles) that two brush-sets 
only are needed, whatever the number (>/ jxdes : and 
there w ill be two paths only through the wiiiding.s 
from negative to positive. Such armatures are 
sometimes called series wounds though series 
parallel is more accurate. This kind of winding 
(using former wound coils like 57. grouped to 
form a wave 
winding) is pre- 
ferred for tram- 
way motors and 
for variable 
speed motors 
generally. It is 
also good for 
such generators 
as are to give 
relatively small 
currents at high 
volt^es. By a 
modincation of 
the same plan windings can bi3 found which 
will give either two, four, or six paths through 
the armature of a multipolar m ichine. 

RocRing the Brushes. It will now Ix) 
evident why the brush-seta must be mounted on 
an adjustable frame. It is that they may be set 
at the exact spot, or neuiral ^sition^ where the 
currents tend to converge. If they are shifted 
from that spot, the usual effect is an outburst 
of bright sparks, which are destructive of the 
commutator. ITie so-called rocker is a clamping 
fnune to procure exact adjustment of position. 
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Ringawouud Armatures. Earlier in 
date than either the lap- wound or the wave- 
w'ound toothed drum armatures were the ring- 
wound armatures of Pacinotti (toothed ring, 
1864) and of Gramme (smooth ring, 1870). In 
both these the wires were coiled on a ring-coic, 
the wire being wound on the ring in sections, and 
each section being joined up to the next, so a.s 
to make a re-entrant winding. This winding 
was connected down at regular intervals to the 
segments, or bars, of a commutator. The scheme 
is shown diagrammatically in 70. In fact, 
though the separate coils 
do not overlap one 
another, the winding pro- 
gresses regularly around 
the ring, and precisely re- 
sembles in its properties 
a lap winding, save that 
eot'h turn of the winding 
threads back through the 
interior of the ring. This 
previmts the use in ring- 
wound armatures of 
formcT- wound coils. 'I’lio 
commercial introduction 
of the Gramme ring gave 
an immense impetus to 
the infant induslry, hut 
ring windings are neviT 
now^ used, exeept in 
quite small machines 
and motors. 'Plie 
hijiolar lap-w’ound drum 
winding was duf* to Von 
Hefner, in 187li. 

SparRless Commutation. If atti n- 
tion be din^oted to individual loops of the wind- 
ing it is seen that ns tiny along iindi r 

sueeessivo poles the currents indiUM'd in them 
are continually reversing in dire'-timi. I’lie. 
revei*HaJ takes place as the slots containing 

th(^ sides of th'* 
h)ophavepass('d 
aw'ay from being 
under the jioles 
and are ju.st 
coming again 
under the tips of 
the next pair of 
f>oles. ThisistJio 
moment when 
the correspond- 
ing bars of the 
oummutator arc 
passing by the 
collecting brush. Aatho brush is generally broad — 
broadm’ than the breadth of a commutator-bar — 
it follows that at the time when tlie brush makes 
contact with two bars of the commutator at 
once the coil, or loop, whoso ends are joined to 
those two bars will be short-circuited. If the 
brush be broad, the duration of this time of short 
circuit will bo longer than if the brush l»c narrow. 
Now, it takes time for a current in a loop to be 
reversed in direction, for the current has to 
die down and then grow again, flowing in the 
opposite sense. Bro^ carbon- brushes give the 

1323 



68. WAVE WINDING, RADIAL DIAGRA.M 








BUEOmiOITV 


neoesBary time for thw operation, and the 
roBiAtance of the film at the surface of contact 
acta like a valve-port of varying to turn the 
current off and on again in the loop. Thus the 
rcHistance at the face of a l>road carbon- brush 
aiTords a means of natural commutation without 
Hparking. But if tlie current to be collecU'd 
is too great, or if there is not time enough 
allowed in the brief duration of the passing 
contact, and if metal brushes are used, then resort 
must be had to jorceA commutatwn. By this 
term is meant the introduction into the loop or 
coil that is undergoing commutation of induced 
<*lectromotivo forces fl at tend to force the 
current in it to reverse during the time of contact 
with the brush. Such forced commutation is 
( ITectcd in one of two ways. The oldest way is to 
rock the brushes to a jmsition foruxird from the 


or paths, through the windings (2, in wave-wound 
armatures, or as many as p in lap-wound 
armatures). Let Z stand for the number of 
conductors all round the armature, this being 
the same as the number of slots multiplied by 
the number of conductors per slot. (In actual 
machines this number is seldom under 80, and 
seldom over 1,200.) Lastly, let the number 
of revolutions per minute be called RPM, so 
that the numlier of revolutions per second will 
Ik; RPM -f- 00. Then it is clear that the number 
of poles passed in a second by any one conductor 
will 1)0 equal to p x RPM x 00 ; and the number 
of linos cut per second by any one conductor 
will Ije equal to N x p x RPM -i- 60. Now, 
as already stated in Eleciric Measure- 
ment, one volt is equal to the cutting of 10® 
(t.r., 100,000,000) of lines per second. Hence, 
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neutral point, so that the coil, or loop, is actually 
iK^ginnin;^ to cut the magnetic linos during Uie 
time of brush contact. The newer mode is to 
)rovido auxilianj poles, called reversing poles, 
>etwe(m the ordinary poles of tiio field-magnet. 

Calculation of a Dynamo. The 

electromotive force of a dynamo depends on tho 
strength of the magnet -poles, the number of 
conductors on the armature, the speed and tho 
grouping of the windings, and is readil v calculated 
ns folh>ws. Let N stand for the number 
of magnetic lines that any one pole — all the four 
poles should l)e equally strong — sends across 
the air gap to tho armature — that is to say, the 
amount of magnetic flux per pole. This will 
be usually some numl>er between 1,000.(XK) and 
20,000,000. Let p stand for the number of 
poles. Let c stand for the number of circuits, 

I32i 


the number of volts generated in one conductor 
of the armature will be N x p x RPM -j- 
(60 X 10®). But there are (Z) conductors, and 
those are all joined up together in a particular 
way so that they constitute (c) circuits or paths, 
and the number in series in each circuit or path 
will be Z c. Hence, if we multiply the volts 
generated per conductor by this number we find 
an expression for the whole voltage (E) generated 
by the machine. So we write 

K = £ xZ xN 10' 

c 60 

For example : In the dynamo dt'picted in 
p = 4 : N = 2,700,000 ; c = 2 ; Z - 444 ; 
RPM ~ 640. Making the calculation, we have : 

E=1 X ^ X 444 X 2,700,000 100,000,000 = 256 

volts. 



E:kcit^tioik of Masnotiom. There 
are several ways of exoitiiig the magnetism 
of the magnets of dynamos. In the early 
magneto>electric machines of Faraday the 
magnets were either permanent magnets, of hard 
Steel, or else soft iron electromagnets, separately 
excited by means of batteries. In 1 85 1 Sinsteden 
suggested using the current from a small 
permanent magnet-machine to excite the 
electromagnets of a larger machine. In the 
years 1866-7 several inventors— amongst them 
Wheatstone, Siemens, and Varley — indepen- 
dently proposed to render machines self -exciting 
by passing 
either the 
M’hole or a 
part o f the 
current from 
the armature 
around the 
field - magnets. 

About twenty 
years later 
compound 
winding was 
introduced. 

Figs. 72, 73, 
and 74 show 
respectively 
schematic dia- 
grams of the 
connections of 
(he magnetis- 
ing coils in a 
set ien-wo und 
dynamo, in 
which the ex- 
citing coils 
receive the 
whole current, 
and are in 
series Mdth the 
outside cir- 
cuit ; a shunt- 
wound dyna- 
mo, in which 
the exciting 
coils receive a 
small fraction 
only of the 
whole current, 
being o f fine 
wire, and are 
in shunt with 
the external 
circuit ; and a compound - wound dynamo, in 
which shunt coils give the principal magnetisa- 
tion, while some series coils serve to increase the 
magnetisation as the load in the external circuit 
increases. 

Series- wound dynamos are very inconstant 
in their voltage, since this depends on the 
magnetism, and the magnetism will vary nith 
the load, being very small at small loads, and 
large at full lo^. 

Siunt-wound machines are venr nearly 
constant in their voltage at all loads, as the 
magnetism is practically constant, and the 
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voltage -drop at full load, due to reactions and 
internal reeistanoe, may be less than 2 per cent, 
of the initial value. 

Compound- wound machines are constant in 
their voltage at all loads, or may even lx‘ made 
— by increasing the numl)er of series coils— to 
cAuse the voltage to rise' at times of full load. 
Such over -compounding is useful in tramway 
generators. 

Magneto-electric Generators. Littl(> 
machines with permanent magnets of liard 
steel are still employed to generate cummts on 

a small scale, 
as toys, and 
for i g n i t i c> u 
purposes in 
a u t o m obilcs. 
In such cutset* 
1761 the mag- 
nets are bi- 
p()lar hors e- 
sliocs, the 
armature is 
red need t-o tlu' 
simple shuttlc- 
tonn invented 
by Siemens in 
1855. and tlie 
com in u t a tor 
shrinks bai’k 
to tlie primi- 
tive form of a 
bit of copper 
tills' split into 
two halves. 

Giant Dy- 
namos. At 
the olbi'r end 
of the scale of 
develop me ut 
we have the 
gigantic ma- 
chini's in the 
jK)wer - houses 
of our electric 
lighting and 
traction enter- 
prises. It is 
quiU' frequent 
in tramway 
power - houHcs 
to find several 
dynamos each 
capable o f 
yielding 1,000 amfHTcs at an electric pres 
sure of 500 volts, and therefore taking some 
750-hoi’Hc power each to drive thi m. (ienc- 
rators even up to 2,70<) kilowatts, taking 
over 3,5(K)-horHe |)ower each, with 36 jkjIcs 
surrounding an armature 21 ft. across, and 
a commutator 15 ft. in diamet<‘r, arc in 
ofx^ration. "J'nc armature of one such machine 
weighs 80 tfms, and the entire machine J50 
tons. Pig. 76 shows the max'hine as erected 
in the power-house at Boston, having l)een 
built by the General Electric Co., at iSchenectady. 

Tht Dynamo Concluded 



76. COJ4MUTATOB END OF 2,700-KIU)WATT 30-POLE DYNAMO, 
AT BOSTON, U.S.A. 


1325 



Group 26 


SHOPKEEPING 


CYCLOPEDIA OF SHOPKEEPING 

BOOT AND SHOE RETAILERS. Capital and Stock Baying and 
Selling. Technical Instruction. Measuring. Fitting Deformed Feet 

BUILDERS’ MERCHANTS. The Scope and Possibilities of the Business. 
The Stock. Terms of (‘nnlit. Buying, Selling, and Profits 


BOOT AND SHOE RETAILERS 

Capital. It is im*HJHHible to give any 
specific information applicahl<* in all nwHis as to 
the amount f»f (lapital required in the retailing 
of boots and sho(*M. A town trade requirt's a 
more varied stock than a country trade* and 
must Ix' of a diifen'nt nature. The individual 
ability of the proprietor, the proximity of the 
sources of supply, and the ability to secure 
sreedy (‘Xi'cution of orders, and other con- 
siderations infiucnce the sum r<;quired. If 
the 8hopkccp(*r is al)le to do a good repair trade 
less capital may suffice, Is'cause the r(*iailing of 
hoots and shoes is not the only source of income ; 
but in a general mixed provincial business it 
may be accepted that a good representative 
all-round stock cannot bt* placed on the shidves 
for less than £50b. Should this capital not Im^ 
at cnmmand, the future may l>c pledged -that 
is to say, tlu' wholesaliTs, who an^ always w illing 
to extend facilities to a r(‘ally good man starting 
husincHH. may give terms of credit or aeeept 
hills for a large part of the opening ordei'. 

Stocking. We may consider how the 
iH'ginncr might lay out the sum of iotMi m a 
good selection of hoots and shoes. Our calcu- 
lation is intended to re}ircH(‘nt the stock in a 
good provincial town wheix* there is not a pre- 
ponderating demand for any one class of foot- 
wear. In a city like London many hoot shops 
Bcarcely rater for the trade in ladies’ shoes. 
Sucli articles, on the other hand, would occupy 
chief plac(' on the shelves of a shop in a London 
Buburo, The husband buys his hoots in the 
City, the wife and children purchase theirs at 
the local l>oot and shoe stort*. Also in a mining 
village, or a fishing port, stock to suit the 
locality would ho different from that we are 
about to. descrilie. With those reservations 
regarding the practical value of our scheme of 
purchasing stock, wt may indicate the manner 
in which the average general hoot and shoe 
retailer in a j>opular marketing neighbourhood 
might do well to expend his £.500. 

Details of Stock and Profits. We 
may allow the beginner £100 for men’s foot- 
wear. Of this sum, £20 might be 8t)ent 
on heavy Iwots for working men. This trade 
is becoming smaller in most districts. Work- 
men are lK>ginuing to favour lighter boots which 
do not last so long, and which, therefore, need 
earlier replacement. Also, this is often a cut 
trade, espc^cially in the lowest priced classes. 

A boot bought at Ss. a pair may have to be sold 
at 3b. lid. But the average price of hea\^ 
boots for working men is higher than this. The 
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hulk of the trade is in boots costing 58. to 5s. fid. 
a pair and retailing at 6s. fid. 

Ordinary cheap walking hoots account for 
the hulk of the trade in the men's department, 
and £fK) may be spemt on them. Prices range 
from Hs. lid. to lOs. fid., and the profits range 
from 27 per cent, to 33 per cent. Box calf 
and even glace kids are gaining favour in this 
class of trade. The proportion of brown boots 
to black is from 10 to 15 percent, of the former. 

Then the remaining £20 iti the £100 may l>e 
allotted to what are termed “gent's light wear.” 
These will consist of box calf, glace kid, and a 
ft ‘w patent-leather hoots. They yield better rates 
of profit than the cheai>er classes — a ifis. fid. 
hoot costing, say, lls. fid. The sizes of men’s 
hoots should range from 5 ’h to ll’s with three 
littingH in each size. Sizt's 7 and 8 l>eing the 
most common sizes should be bought in greater 
quantity. For the beginner with the capital 
wt* set out to spimd, half-sizes would not he 
posKil)Ie, unless the vnriety is limited. 

Ladies* Boots. Our beginner may dis- 
burse £120 upon his ojicning stock in the ladies’ 
department. We shall allow him £20 for stout 
leather hoots for working women. These will 
cost from 3 k. 9d to 4s. a pair and he will n^tail 
them at 48. lid a pair. The greater part of 
the trade in ladies’ hoots w^ill ho in ordinary 
walking hoots sold at fis. 1 Id to Ss. lid , and a 
good asHortment suitable for the trade we are 
considering cannot lie put into stock for less than 
£70. A profit of 25 per cent, on takings may Ik* 
looked for all round, but in the cheaper classes 
a little cutting under this rate may be advisable, 
Tliis will depend upon the policy pursued by 
t he near competitors of the retailer. 

toadies' “ light wear ’’ \vill absorb the remain- 
ing £30 of the sum apjmrtioned to the ladies’ 
department. The stoc'k w'ill retail at from 
lOs. fid. to ICs. fid. a pair, and the profits wnll 
l>c similar to those upon men’s boots of similar 
quality. 

Youths’ and Boys* Boots. The sum 

of £100 may properly l>e spent in youths' and 
boys' boots. They may be divid^ into four 
classes: Youths' working boote, youths’ l>e8t 
hoots. bo3m' school hoots, and boys' best boots. 
And to each class may ho allotted £25. Youths’ 
sizes range from 2*8 to 5*s. Youths’ working 
boots retail at from 48. fid. to fis. fid., and youths' 
best from Ss. fid. to 8s. fid. a pair. Prices rise 
by 3d. per size. The smaller sizes are usually 
cut in price somewhat, often showing a profit 
of only fid. a pair, but this is made up on the 
larger sizes upon w'hich 28. fid. may be had. 
Public opinion does not recognise that the 
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Iftbcmr, And therefore the expense, of m&king a 
smatt boot is equal to that in a larger article, 
and the praotioe mentioned is a concession to 
public ojnnkm. If the averap of 25 per cent. 
ovOT the whole be maintainea the boot retailer 
may follow this practice with the knowledge 
that, although ceitain individual sales may not 
•how their proper margin, the aggregate profit 
is satisfactory. 

Boys’ boots include the sixes from ITs to Ts. 
Boys^ school boots retail at 4s. to 4s. lid., and 
boys’ best boots at from 5s. to Os. Od. The 
practice and profits mentioned as pertaining to 
youths’ boots apply here also. 

Children’s IdMta. This department will 
account for an expenditure of £40 in the 
stock order; £20 for children's school boots 
and £20 for “ best wear ” or “ Sunday boots," 
as they are sometimes called. Prices of the 
former are from 28. lid. to 48. lid., and of the 
latter from 3s. lid. to fis. lid. All sizes range 
from 7’b to I’s. . 

Slippers and Sundries. The sum of £20 

will put in a good stock of slippers, from common 
house slippers to dancing pumps. A matU r of 
£4 may be spent on infants’ and nursery 
boots which retail at from Is. to 4fl., in sizes 
from I’s or 2’8 to O's. Then comes the dc‘[)art- 
ment of sundries, which should be encouraged, 
as being much more remunerative than the 
more important trade. Sundries include laces 
of all sorts, leggings, gaiters, and polishes and 
blackings, which yield very good profits indeed. 
Jndiarubber heels are, at the time of writing, 
selling very well indeed, and promise to retain 
their hold upon public taste for some iinu^ yet, 
if not indefinitely. The man intending to build 
up a good family trade will strive to avoid selling 
the very cheap varieties. They will not establish 
a reputation for quality. But a really good 
rubber heel may lie bought at Tis. 3d. pc^r dozen 
and sold at 9d. a pair, w'hile those costing 7 s. 3d. 
per dozen will be sold at 1 s, a pair. 

Our estimate of expenditure has not included 
special boots, such as cycling shoes, golfing, 
•hooting, and football boots, as such things are 
special, and are not necessary items in every boot 
shop. The likelihood of selling any or all of them 
should decide the fjuestion of whether or not 
money should be spent on them. 

All Leather or **Compo.’* Much has 
been spoken and written regarding the wisdom 
or otherwise of selling boots which are not of 
leather throughout. Such boots should not be 
•old as of all -leather, but provided they are sold 
lor what they are, or if no claims be made for 
their material, nothing can be said against the 
trade. And the retailer learns that he can 
often give the public better value in a mixed 
boot at a certain price than he can in an all- 
leather boot at the same price. When an all- 
leather boot has to be produced at a certain 
very low price, the leather is of the lowest 
ouaiity that will bear the name, the workman- 
^p must be crude, the fit uncertain, and the 
finish poor. In an honestly made mixed boot 
the leather, on iho other hand, may be put into 
the parts that have to withstand wear, and the 


money saved by the canvas and composition 
used in the parts not subject to the same wear 
may be put into workmanship and finisli. The 
result may be an article not less useful and 
durable, but certainly more elegant and saleable. 
Consider a lady's boot at 58. t^d. a pair. How' 
poor is the appe^anoe, and j>erhapfl the fit, of 
such an article if all-leather lie insisted on ! 
How' much better-looking, without necessary 
inferior qualities, may be a composition lioot at 
the same price ! 

Buying. The entrant into the bool trade 
who has the placing of the stock order we have 
detailed will not be able to purchase from the 
manufacturers. Such a course would entail the 
division of the order into about a dozen sect ions, 
and most of them would bo too small for direct 
doling. Therefore, he must content himself by 
enlisting the good offices of a factor or middle- 
man, although Uiis will cost him a little more. 
But by making a good factoring house his 
source of supply, ho can usually secure accom- 
modation should he want it, and that may Iki 
far more important to him during his early 
struggles at establishing a business than the 
saving of the small percentage that direct 
buying might givt‘. Factors’ terms are usually 
net at oiu* month, unless undi'r special arrange- 
ment. Manufacturers’ terms dificr. Some 
makers allow OJ per cent., and otlu?r makers 5 
jicr cent, for prompt cash, whii h means payment 
within seven days after invoice date. 

Assistance and Selling. Shop assist- 
ance in the hoot -selling trade is not highly paid. 
In th(* cities a lad may lx; had at from lOs. to 
15s. a we<^k, and in the provinces girls are often 
emjiloyed at from 2 r. Od. to Uts. a week. Kven 
in London a go(xl, smart, all-round assistant 
can 1 k^ had for 288. a week, so that assistants’ 
salaries do not account for an undue pro- 
ortion of the dead charges in the boot retailing 
usiness. 

The terms upon whiith boots are sold di jxjnd 
upon the locality and the imtun^ of the trade. 
In the cities it is nearly all of a cash description, 
but in the family trade in the provinces tlio 
credit turnover may rise to 50 per cent, of the 
total. An iniquitous practice has crept into 
the trade. It is by no means general, but 
sufficiently common for notice and stricture 
here. It is not unusual that an assistant 
reap benefit by “fleecing the grcjcnhoms." If 
it bo evident that a customer is ignorant of 
boots and not particular os to pric<% the assistant 
may sell a lOs. Od. boot for, say, 12s. Od. or 
148. Od., and thereViy pocket a considerable 
commission, say, half the excess. On moral 
grounds the practice is to In? condemned, but 
even on the lower grounds of business policy it 
is questionable if it be really remunerative. 

The subject of selling cannot be dismissed 
without a reference to turnover, ^Phe number 
of times that a boot and shoe retailer con turn 
over bis stock depends, as in every other trade, 
upon his perspicacity as a close buyer. Twice a 
year may be t4ik6n as the average, but our man 
with £500 worth of stock would not show ve^ 
good net profits if be did no more than this, 
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It would mean that his grofw pi-ofitH were only 
£25() a year, or thereby, and when rent, wagea, 
and other chargee had been paid from thia the 
net Imlance would lx* a poor return for hia 
enterpriwi. Hut the new venturer buys care- 
fully, ordering often as blanks ofjcur, and in this 
manner he may turn over his stock, say, three 
times a year. 

Repairing. A repairing department is a 
desirable and a usual addition to any boot and 
sho:* retailing husinesK. Tlie necessary equip- 
ment is not expensive, and any man with 
limitetl cai)ital should certainly fidopt it os a 
feature. The sum of Z2(i will purchase t^very- 
thing necessary — a sowing machine (a Bradbury 
for preference), an assortment of cut soles and 
heels, a few fiounds of patching leather, iron 
sole plate and lasts, and the necessary grind<Ty 
and small tools. The regular prices for soling 
and hei^ling are 2s. fid. u]) !(► 4s. for men’s work. 
The lower figure is tin* common working man’s 
price, and it may yield a good w'age to a good 
w orkman. but not a large 
jjrolit to the employe r 0 

Occasionally, repair 
ing is undertaken upon 
a more ambitious scale, 
with a full e({uipmc'nt 
of good machinery ■ 

operating in full view 
of tlu‘ ])ublic street 
'I’lie maeliiiHTy in such 
a case ini liides a Blake 
sole s(*wer. a stiti'liing 
ma<'hinf* for vvidted work, 
and a finishing machine, 
which may all U* in- 
Btalled for £100. A power 
producer is necessary, 
and is usually a gas 
engine, which msy. 
howi'ver, lie hired or paid 
for upon (lit* instal- 
mimt system The plant 
indieaii'd and tliret* 
men as o|M*rator8 should 
overtake, say, thirty “sole and heel " jobs per 
day, yielding l)d. each gross profit, and giving the 
projirietor about £200 a year net protit. This 
lonijiaivs favourably with the mere selling of 
hoots and shoes in return for money invested, 
and the good praotiial man may often find it the 
prehu'nhle venture*. '^I'ht* field is. of course, 
rathi*r limited, as it is only cities and large 
towns where sufticient constant trade for such 
a rejmiring shop can lx* got. 

Shop and Window Fitting*, The 
stocking of boots and shoes is a comparatively 
easy matter now that the practice of having 
eacli fxrir in a cardboard box is all but universal. 
The shelving should Ix^ of a size to allow the 
boxes to stand three to the height. If four be 

{ )laced in a tier, the shelves are more apt to 
)ecome untidy, and “ three-high ” is the most 
convenient system. Tlie art of window dressing 
is receiving much greater attention than formerly. 
It is becoming recognised that taste in arran^- 
ment, and not quantity of exposed stock, is the 
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criterion of an attractive and effective boot 
w’indow Many makers of window^' fittings 
offer large selections of display stands specially 
designed for the boot selling trade. The neatest, 
cleanest, and most c(m\enient window arrange- 
ment is that shown in 1. The glaas shelves 
are preferable to those of any other variety, as 
they may be most easily kept clean. The pro- 
jecting glass plates which are attachea to 
the front of the shelves serve to throw into 
deb»rable prominence single boots, and success 
in window dressing depends upon fh^ atten- 
tion drawn to individual articles. The cost 
of a window' arrangement, as illustrated, 
may Im* estimated from the follow ing prices of 
the component parts 

Brass cased tube 'or upright h. 1 in., plain, 
fid. }K^r foot. 

Brass cased tube for uprights, 1 in., orna- 
mental, Is. perfect. 

Brass end knobs, from fid. per pair. 

Bottom sockets, from Is. per pair. 

Side fixings for stan- 
dai*ds. Is. per pair. 

Shelf brackets, with 
sockets for 1-in. tubers 
and for 10-in. shelves, 
28. each. 

10-in. plate glass 
shelving, polished cxlges, 
alx)ut 28. 3d. pcT foot. 

Glass plates, as shown, 
7 in. X 3| in . wdth clip-*, 
at about Is. 2d each. 

Calculation of the size 
of the window and of 
the length and number 
of the various fittings 
required will give the 
approx innate price of 
the arrangement for any 
given window. Tlie 
lx>ot retailer who intends 
to fit up a shop ought 
to setmre catalogues 
from the most up-to- 
date firms of shop-titters, and select therefrom 
the fittings most suited to his tradi* and to the 
scope of his premises. 

The Personal Equation. Having con- 
sidered the shop, the stock, and the profits 
of the boot and shoe business, we may turn to a 
study of till* qualities desirable in the man who 
is to lx* in charge, whether proprietor or manager. 
He should be intimately acquainted with the 
various manual or mechanical prooes-ses by which 
boots and shoes are made. He should under- 
stand fully the merits and qualities of the 
various kinds of leather and other materials 
which enter into the production of boots and 
shoes. He should make himself familiar with 
the difference between the old method of bark 
tanning and the new* method of chrome 
tanning. It is imperative that he should know 
something of the anatomy of the foot ancj its 
natural Actions. 

Technical Educetion. During recent 
years there has been awakened a keener interest 




in the apidicedon of ecientiilc principles to the 
art of iKx>t and shoe manufacture. The 

American invasion’* a few years ago has 
doubtless been responsible for this. Thus, 
greater attention th^ hitherto is being given 
to technical instruction in the craft. There are 
numerous institutions where technical training 
can be secured. In London, such institutions 
include the Leather Trades School, at 42, 
Bethnal Green Road, £., and the Polytechnic 
Institutions in Regent Street, W., and in 
Borough, S.E. Provincial centres where boot 
manufacture is taught include Norwich, Leicester, 
Northampton, Wolverhampton, Stafiford, Bristol. 
Newoastle-on-Tyne, Leeos, Stone, Glasgow. 
Dublin, Cork, and Ballymena. I.ecture courses 
are frequently given in Northampton villages 
and in other places, where instruction is desired 
and where there are no permanent schools. 

The Leather Trades ^hool in Bethnal Green 
is unique in combination of theory and practice 
of which the student may avail himself. There 
the boot and shoe seller as well as the boot and 
shoe producer may acquire a knowledge which 
will prove valuable in his work. During the 
winter or spring term there is given a course of 
six lessons in foot measuring, and the testimony 
of pupils is that attendance at these lessons 
gives the ability to reduce the misfits to some- 
thing approaching 0 per cent, in daily business 
ractice. The fee for the course of lessons is 
ve shillings. 

Shop Practice. Tact, like civility, plays 
an important part in any business, and almost 
every customer requires different treatment. 
Some are easily satisfied, some only satisfied 
with difficulty, while some customers are 
never satisfied. There is probably nothing 
which irritates a customer more, or which 
so easily leads to dissatisfaction (and to a 
dissatisfaction which is unjustifiable) than the 
common practice of trying on a half-dozen or a 
dozen kinds of boots before a fit is secured. For 
Uiis reason every shoe seller should make himself 
familiar with the size and fitting of every kind 
and grade of footwear in his establishment, and 
be able, after taking the measurement of a 
person’s foot, to go to his stock and select the 
exact size requii^ instantly. Unfortunately, 
there is not at the present time a recognis^ 
national standard of sizes to which all makers 
conform. Almost every lastmaker has bis own 
particular sizes, whilst the vanity of those with 
targe feet has led to a serious corruption of sizes, 
many boots and shoes — those intended for ladies 
especially — being marked a size and fitting 
smalier than they are. The shopkeeper should 
insist upon the o^er suppl 3 nng him with his — 
the maker’s — standard, in oixmr that he may 
know what differences exist between the various 
makes. The tables mven in next column show 
a scale of sizes used by many makers. 

Measuring the Foot. The foot should 
be measured whmi at rest — that is to say, no 
weight should be placed upon it. The points of 
measure are the joints, the instep, the heel, and 
the 1^. The particular shape of the foot should 
determine the partioular form of shoe best suited 
1 D 
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to it, but as the wearer requires boots and shoes 
which, figuratively speaking, have to fit his head 
as well as his feet, a compromise has invariably 
to be effected. Should a plan or “draft” of the 
foot be needed, it can be made by resting the 
foot on paper, pressing the foot only lightly, 
and marking it round [2]. taking great care to 
hold the pencil absolutely vertical, and marking 
on the draft the position where all measurements 
are to be taken across the foot. In taking the 
length of the foot, it is customary to allow 2 
sizes in the length for boys, 2J for ladies, and 
3 for men — that is to say. if a boy's foot 
measures 6, the boot or shoe required should 
measure a 7 in length. In taking the girth 
measures of a fat, or fleshy, foot, the measuring 
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tape should be drawn moderately tight; but 
with a bony foot there should be no compression. 
If the foot be short and thick, and it be desired 
to give it a smarter appearance when clothed, 
three sizes instead of two may be added to the 
length, but the toe should be what is known as 
“ case^” so that the leather at the toe does 
not fall in beyond the toes and become unsightly. 
Glove kid or buckskin should be recommends 
to persons With very tender feet. 

Fitting Deformed and AwKward 
Feet. This is a task which should be left to 
the bespoke bootmaker, ' but it is frequently 
undertaken by the Ordinary shopkeeper, with 
questionable success. The latter gets Iho 
“ specif^ ” or “ measures,” as they are termed, 
from the wholesale manufacturer, who. not seeing 
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the actual foot to be fitted, fails sometimes — 
indeed, more often than not — in fitting the foot. 
To avoid this, the proper course is to take a 
plaster cast of the foot, and to send the cast as 
well as measurements to the maker. This is not 
a difficult operation, and is accomplished in the 
following manner. 

Taking a Plaster Cast of the Foot. 

A box consisting of three parts, as shou-n 
in the diagram [8], is required. A is the 
false bottom grooved at the ec^es so that the 
frame B will fit snugly. T) and E are foot-rests, 
HO placf^d as to come at the ball and heel of the 
foot. They should Ik* 1 in. square at the base, 
J in. at the U)p, and 1 in. in height. Care must 



2. MAKINO A PLAN OF THE FOOT 

be taken to have these rests firmly attaelu^d to 
the bottom A, and any opt*ning there may be in 
the joint at the base filled with putty, to prevent 
the plusU^r from tilling. The frame C fits on tlu* 
frame B, and is held in place by the four bits of 
wood F, which are serew^ed or glued to the sides 
of the frame. The frames B and C are each 
3 in. high, a«id are as smooth as possible inside, 
as is also the bottom A. 

To take the cast, grease the inside of the 
frame B, also the bottom A ; place the frame B in 
position on the bottom A, Before the foot is 
placed in the box it, like the box, must be 
greased. A mixture of tallow and oil is best. 
Be careful that not one 8|)ot be left unoiled, else 
the plaster w'ill adliere to it, causing no end of 
trounle. Add the water to the plaster-of- Paris 
until it has the consistency of paste, not too thin. 

Worm water is commonly used as it causes 
quicker setting than cold water. Place the 
foot in position [ 4 ] in the box at once. The foot- 
rests D and E are not intended as supports for 
the foot, but rather as rests, or guides, to steady 
the foot in its position, and to prevent its move- 
ment while the plaster is setting. The foot must 
not press on them sufficiently hard to interfere 
with, or rather displace, its contour. The foot 
should just touch the rests, thus preventing the 
heel or toes from being ** dipped into tiie paste 
before it has hardened. 
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Making the Mould* Whenever the 
plaster is mixed to the proper consistency, 
begin pouring it into the box, until the plaster 
comes to the rounding of the outer edge of 
the foot, from the toe to the heeL Allow a few 
minutes for the plaster to set, then carefully 
withdraw the foot. It will be found that a 
perfect imprint of the foot is left in the plaster. 
In pouring the plaster into the box, see that it 
comes up to the line of extreme projection all 
around the foot. Inspection will snow that this 
line is very low down on the outside of the foot, 
while on the inside it would run from the great 
toe joint back and upwards parallel with the 
instep. This can be done by waiting till the 
plaster begins to thicken, when it can be laid 
up higher where wanted, and scraped down 
where not wanted, by use of a blunt knife. In 
removing the foot, first lift the toes, then draw 
the foot from the plaster, by moving it obliquely 
to the front, so as not to disturb tne outline at 
the heels. 

After the east has sufficiently hardened, 
continue the operation by placing the frame C’ 
in position. Grease the foot, and such portion 
of th(‘ east as has Ijeen made so far. Place the 
h)ot in jK>sition again, and cover the front half of 
it with a paste mixed a little thicker than at the 
lii*Ht o|x*ration, finishing it off while in a plastic 
condition in a vertical line at the ankles. When 
this has hardencxl, fill the rear part of the box 
with the pjisU*. but before doing so, do not forget 
to oil thoroughly every portion exposed to the 
plaster, and also the plaster already in the box, 
else, when the foot is removed, it will be found to 
be adorned by a plast<*r ring or anklet, which has 
to be broken before it can be removed. 

The mould is now in three pieces, and after 
due time has been allowed for them to harden, 
is ready for the last operation. First remove the 
front and rear sections of the mould, and 
thoroughly grease the inner part of all three 
sections. Next, carefully replace the sections, 
and the mould is ready for filling. For this 
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8. BOX FOB PLASTER 4 . THE FOOT IN 

CAST OF THE FOOT POSITION 

operation, prepare your paste of the same con- 
sistency as in the fimt instance, and pour it into 
the mould. In a short time the frame C can be 
lifted off, the front and rear sections of the 
mould removed, and you have exposed a perfect 
counterpart of the foot, from which a last can 
be made that will ensure a perfect fit, if the shoe- 
maker does his duty in other respects and sends 
the correct tape measurement. 

Another method of taking the shape of the 
foot is with gutta peroha, but it is not so reliable. 
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Trade Literature. The beet reference 
books for the boot retailing trade include the 
following: ‘"The Manufacture of Boots and 
Shoes,*’ by F. Y. Golding (Chapman & Hall. 
7 b. 6d.) ; “Boot Making and Mending ” (Cassell 
Sc Co. Is.) ; and several books published by the 
Burlington Co.: “Manual of Boot and Shoe 
Manufacture,” by Hill Sc Yeoman (48. 6d.); 
“Pattern Cutting Made Easy,” by T. Brophy 
(48. 6d.); “Measurement of Human Foot and Last 
Fitting,” by W. J. Lewis (8d.); “Last Making 
and Last Measurements,” by A. E. Tebbutt 
(Is. 6d,); and “Pattern Cutting,” by W. Morris 
(Is. 6d.). The trade is also well provided with 
trade journals. 

BUILDERS’ MERCHANTS 

The business of a builders’ merchant lies 
half-way between what is knowm as black 
ironmongery and that of a timber, brick, 
and slate merchant. In starting as a builders’ 
merchant, the tradesman needs to be quite 
sure about several matters. His area must 
1)6 one where land for building operations 
is being developed, and he should be careful 
not to plant his depot too far from a rail way - 
station. Obviously, the ideal spot is adjacent 
to the goods-yard of a railway company’s 
premises, so that the question of a privaU^ 
siding when the business has developed large 
proportions will not become a serious one. The 
importance of considering this point should not 
be overlooked, especially in provincial towns, 
where land is not rented at prohibitive prices. 
When once a business has been established on a 
reasonably firm basis, the question of adding a 
saw mill will be sure to crop up, and then the 
difference between proximity to, and distance 
from a station may make or mar the opportunity. 

Premises, ^e premises demanded by 
the requirements of the business must bo 
roomy rather than showy. A good deal of the 
stock can be kept in the open air without fear 
of deterioration, but a warehouse will be re- 
quired for the safe storing of cement, which 
may well be kept in the ground floor of, say, 
a three-storey building. The first floor may 
be devoted to heavy goods, and to such as 
require to be displayed to advantage — to 
stoves, ranges, and mantelpieces, for example, 
if these are included in the stock. A third (the 
second) floor may accommodate “bread-and- 
cheese ” stock, such as laths, felt, nails, hair, 
etc. Obviously, a small crane, fixed on the 
second floor, to serve both, and to facilitate 
loading and unloading in the yard, will prove 
serviceable. 

Fixtures. Both in the warehouse and 
in the yard some outlay is necessary to provide 
suitable fixtures ; but these need not be ex- 
pensive, and, for the most part, open frame- 
work answers every reasonable requirement. 
Raoks, standing out from the wall al^ut 24 or 
27 in., are suitable for such stock as laths in 
bundles, wallpaper, and glass — unless the last- 
named be kept stocked in original crates. These 
racks, if built on frames out of 3 by 2 in. deal, 
from floor to ceiling, maybe filled in with shelves, 
made up of the 3 in. stuff ripped twice the 2 in. 


way, and laid wnth two, or even two and a half 
inch space between them. The builders’ merchant 
will be sure to stock corrugated iron, which can 
best be kept flat in racks, built up of wood 
uprights, with J in. horizontal tubes, upon 
which the sheets are laid. The rack shoulcf be 
arranged so that the sheets can be introduced 
at, and withdrawn from, one end. The clearance 
between the end uprights will need to be not 
less than 28 in., which, however, it need not 
exceed. Each gauge length ought to have its 
special compartment. 

Many builders’ merchants stock gutt(>r and 
spouting, and a few include cast-iron soil pipes 
in their stock. These can l)e kept best on end, 
on racks raised from the floor sufficiently high 
to allow the pipes to clear the ceiling. Whatever 
the room then left at the bottom can be utilised 
for small fittings, such as bends, outlets, stop 
ends, etc. Nails may even be stocked thus, 
but a bettt'r way is to keep those in their original 
bags, stocked one above the other between 
rails fixed at convenient distances apart l)etwecm 
the floor and ceiling. As to the small wares, 
much of the information which will 1 k‘ found 
in the section devoted to lKONMON(iERY applies 
in the cast* of builders’ merchandise. 

Capital, (’onsiderablc ca})ital is required 
to start in a way likely to be followed by 
success. Less than £fiO() will barely suffice, 
while £1,000 is by no moans an extravagant 
estimate. Even then all the capital ought not 
to 1)6 locked up in stock. The selling side of 
the business is one in which credit must be 
practised, and some balance at the bank will be 
almost a necessity. It is ust'less to ignore the 
fact that the risks in this business are consider- 
able. The average speculative builder is 
notoriously a bad payor, and usually hard -up. 
The conditions under whicdi he conducts his 
OfHjrations compel him to buy cheap materials 
in the choa|K*st market, and common builders' 
goods do not carry a large profit. Against the 
small profits must lx* set the fact that the 
stock, if pro|x*rly bought, ought to l>e turned 
over at least three times, and by cnt/crprising 
management, four times a year. 

Profits and Expenses. It is not pos- 
sible even to estimate the profits of the various 
departments. Much de})endB upon the local 
conditions. Where condit ions are not abnormal, 
and the competition and price-cutting not very 
severe — and few trades suffer more than this 
in that re8f)ect — an average of 20 per cent, on 
the net cost of the goods to the merchant may 
be looked for ; little enough when the heavy 
expenses are taken into consideration. 

Tliese expenses are connected with the sale 
and distribution of the articles stocked. Busi- 
ness does not come to the yard of a builders’ 
merchant by a process of natural gravitation. 
It has to be sought, and often keenly con- 
tested. In the case of even the smallest con- 
cern one man on the road all the time will be 
absolutely necessary. His salary will be from £70 
to £100 a year, with a commission on goods sold 
and paid for. This commission might be not less 
than 2i per cent, over all, with extras on special 
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lines. Added to this ihm will be his travelling 
expenses which may take the form of railway 
fares or the upkeep of a horse and trap. Another 
important source of expense is the carting. 

Staff. The wage*bill of the yard and 
office staff will not be serious, provided the 
business is under the direct supervision of the 
principal, who, however, may wisely elect to be his 
own traveller. In that case a responsible man 
with a knowledge of the details of the business 
will be wanted inside. For the rest, a second 
salesman, a junior clerk, and one or two strong 
porters will furnish all the assistance requirea 
in even a good-sized concern. 

At least one man about the business must 
bo a capable man of affairs. It may be the 
proprietor if he does not travel, or the chief 
clerk, but owing to the conditions under which 
the Mork has to be carried on, a specially 
sharp eye must be kept on the financial side. 

StocK. We have already pointed out that 
the stock of a builders* merchant lies within the 
confines of two other distinct trades. It is an 
essential condition that the stock should be 
bought at rock-bottom prices, on the best pos- 
sible terms, and from the actual manufacturers 
or producers. The man who expects to succeed 
must set himself steadfastly against buying 
from the merchant bigger than himself. 

Practically the stc^ falls into three or four 
classes, of which some indication may be given. 

Class A may comprise the stock which can 
be termed glazed earthenware. Some of it will 
be salt glazed, and include drain -pipes, invert 
blocks, gulley and intercepting traps, access pipes, 
bends, etc. Of better quidity there will be 
cane, or cane-in and white-out sinks for the 
kitchen, scullery, and pantry, water-closets, 
S. and P. traps, etc., while highest of all will be 
stocks of white, marbled, and printed closet pans, 
lavatory basins, some of wWen, especially in the 
fireclay cmalities, run to considerable prices. 

Class B will be that nearest to ironmongery, 
and will comprise ironfoundry and metals. 
Stocks of portable and cottage cooking ranges 
command a ready sale, and some attention will 
have to be paid to better- Quality kitcheners for 
residential property, as well as to register grates, 
stoves, and mantelpieces. These last will 
include oast iron, which is now very much in 
vogue, enamelled slate, less favoured than 
form^^rly, and, if the business be a good -class one, 
in white painted canarywood and in fumed 
oak, polished walnut and mahogany. Sheets 
for roofing and ^tttr and spoutinc we have 
already mentioned. Furnace pans wul be called 
for, and nowadays copper and galvanised iron have 
to be supplemented by iron rendered rustless by 
the Bower-Barff process, which is an oxidation 
produced artificially to prevent the natural 
rusting which might occur m use. 

On the sanitary side stocks of soil pipes, lead 
pipes, manhole covers, water waste preventers, 
and baths must be considered. Besides, 
there will, or may be, lead in rolls for roofing, 
cisterns and tanln, plumbers* taps and fittings, 
possibly gas-tubes and fittings, compo ** pipe, 
door furniture, looks, hinges, sheet zinc, ^p 
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iron for floor board tongues, fencing and gates, 
and, if the district is a good one, stable fittings. 

Class C. Part of 3ie “ ware ” in Class A 
will naturally find a place in the open yard or 
under covers sheds, where also will be roofing 
tiles, timber if it be kept, slates, ohimneytops, 
paving stones, blue and red paving tiles, wall 
copings, roof ridge tiles, stable and forecourt 
bncks with chequered suHaces. 

Class D will be stored in the warehouse. 
Two or three brands of felt for damp course 
work and roofing will be kept, plasterers* 
hair, paint, glass, putty, scaffold ties — there 
are several excellent metal ones on the market 
— ropes, plasterers* laths, etc. 

Finally, there must be mentioned cement, 
one of the most important items in the whole 
stock. The technical side of this matter ought 
to be studied thoroughly, and much sound 
information will be found under the section 
devoted to Building. Ordinarily, the stock 
will comprise Portland cement, chiefly used for 
external work, Parian cement for inside walls, 
and Keene’s cement for mouldings, cornices, 
arrises, and other positions where a hard, smooth 
surface is essential^ The mention of walls 
reminds us that metal lathing is now largely 
used, and patent partitions in great variety 
are not infrequently used, in place of stud work 
and lath and plaster. Here, again, the up-to- 
date builders’ merchant often finds his oppor- 
tunities. The fact is, there is no limit to the 
possibilities of the business, and what is true of 
many others is true of this — ^namely, that the 
best plums are at the top of the tree. The 
stock that carries the best profits is that 
required for the best quality of work. 

Hiring Out Appliances. When the 
business has been fairly established, there may 
occur opportunities for hiring out apparatus 
and plant, and £100 invested in this Section 
ought to show a good profit. In most districts 
there is a demand from builders and others for 
such plant as drain -cleansing tools, and testing 
machines, hoisting-crabs or winches, contractors’ 
pumps, pulley -blocks and lifting tackle, bottle- 
jacks, and even for such large machines as 
cranes, mortar -mills, and rotating screens. A 
reputation for holding all these in good repair 
reiKly for immediate use will ensure inquiries, 
and as most of the articles enumerated are 
strongly made, the risks of loss from damage 
are not great. 

Finallv, the office of a builders’ merchant 
cannot he considered properly equipped unless 
it contains a library of catalogues ana technical 
literature. In no trade are more yearly 
price books published. These ousht to find a 

C ' 6 on the shelves as should also the cata- 
es of ironfounders, quarry and pottery 
owners, manufacturers of terra-cotta, besides 
those of manufacturing brassfounders, lock 
makers, woodworkers, etc. Practically, it is 
not possible to stock all that a distr^t will 
require, and therefore it is important to have 
cloM at hand particulars of specialities occasion- 
ally called for by customers. 

Continued 
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SsonoN I. GRAMBdAR 
Irregular Verba : Third Conjugation 

The following are the most important : 


A. Consonant Verbs 


OuUural Stems, -si. 

•turn (five, 

, ‘Svm) 

dico ' 

dixi 

dictum 

say 

duco 

duxi 

ductum 

lead 

cingo 

cinxi 

cinctum 

surround 

coquo 

coxi 

coctum 

cook 

hngo 

Enxi 

fictum 

fashion 

pingo 

pinxi 

pictum 

paint 

jungo 

junxi 

junctum 

join 

tego 

texi 

tectum 

cover 

-stinguo 

stinxi 

stinctum 

quench 

tinguo 

tinxi 

tine turn 

dye 

unguo 

unxi 

unctum 

anoint 

traho 

traxi 

tractum 

draw 

veho 

vexi 

vectum 

carry 

vivo 

vixi 

victum 

live 

stmo 

Htmxi 

stmetum 

pile 

dacio 

Icxi 

lectum 

entice 

•specio 

spexi 

spoctum 

espy 

duo 

fluxi 

fiuxum 

flow 

figo 

fixi 

fixum 

fix 

mergo 

mersi 

mersum 

drown 

spargo 

sparsi 

sparsura 

sprinkle 

tergo 

tersi 

tersum 

wipe 


Dental Stems, -si, -sum. 


claudo 

clausi 

clausum 

shut 

Similarly, 

divido, Isedo, ludo, plaudo, rado, 

redo, tmdo, and vado. 

Also : 


cede 

ccssi 

cessum 

yield 

mitto 

misi 

missum 

send 

quatio 

(quassi) 

quassum 

shake 

flecto 

flexi 

fiexum 

bend 

necto 

nexi 

nexum 

hind 


Labial Stems, -si, ’turn. 


carpo 

carpsi 

carptum 

pluck 


Also repOt scalpo, serpo, nubo (nupsi), and 
Bcribo (scripei). 


Liquid Stemst -si, -turn (one, -sum). 
como compei comptum adorn 

Also demo, promo, sumo, temno, premo (pressi, 
pressum), gero (gessi, gestnm), uro (ussi, 
ustiim). 

Stem various^ •ui^ -turn (one, -mm). 
cumbo oubui cubitom lie doum 

elicio elicui elicitum entice forth 

Also strepo, fremo, gemo, tremo, and vomo. 
raplo rapoi raptom sHze 

ido ahii altum nourish 

Ako colo (colui, cultum), oonsolo, ooculo, pono 
(posui, post turn), gigno (genui, genitum), tcxo 


(texui, textum), sero = I join (semi, sertum), 
and meto (messui, messum). 


Present Stem Anomalous^ -xi, -turn. 


lino 

levi 

litum 

smear 

sino 

sivi 

situm 

allow 

oemo 

crevi 

cretum 

sift, discern 

cresco 

crevi 

cretum 

increase 




(intrans.) 

spemo 

sprevi 

spretum 

despise 

stemo 

stravi 

stratum 

strew 

sero 

sevi 

satum 

sow 

noaoo 

novi 

notum 

know 

pas(^o 

pavi 

pastum 

feed 

SUOBCO 

Buevi 

Buetum 

be accuS’ 




tomed 

quiesco 

quievi 

— 

rest 

cupio 

cupivi 

cu pi turn 

desire 

peto 

petivi 

petitum 

ask 

quasro 

quaesivi 

quaesitum 

seek 

tero 

trivi 

tritum 

rub 

arcesso 

arcessivi 

aroessitum send for 

lacesHO 

lacessivi 

lacessitum provoke 


•t, ’Sum (one, ’turn). 


pando 

pandi 

pansum 

spread 



( possum) 


Also scando, prehendo, -cando, -fendo, verto 

(verti, 

versum), hi bo 

(bibi, bibitum), vello 

(velli or vulsi, vulsum). 



findo 

fidi 

fisBum 

cleave 

scindo 

scidi 

Bcissum 

tear 


Roman Money 

Most of the Roman weights and measures 
w'cre divided by fractions which wore originally 
parts of the As or pound weight, containing 
twelve ounces. The As was thus divided : 


Unciao, 


i,e.. 

Fractions 

Ounces. 

of As. 

12 As, a pound 

1 1 Deunx (de >uncia), an ounce off 
10 Dextans (desextans), a sixth off 
9 Dodrans (dequadrans), a fourth 

.. 1 
*1 

off i 

8 Bes, or B^is (dui-assis) . . 

1 


7 Septunx (septem unci»), seven 
ounces , . 

6 Semissis, or ^mis (semi-assia) 

5 Quincunx (quinqueunciflB) 

4 Triens, a third 

3 Quadrans, a fourth 

2 ^xtans, a sixth 

1 Unoia, an ounce 

Other fractions used were Sescuncia (IJ 
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Duncefl), Semuncia (| ounce), Sicilieus H ounce), 
Sextula (J ounce), Scripuhim ounce). 

Interest on Money. Alter b.c. 80 
legal interest was fixed at the rate of of the 
Capital per month, called Centesima (so. pare) — 
i.e., 12 per cent, per annum. Lower rates than 
this were denoted by the fractional parts of the 
As (the Centesima being taken as the As). 
Thus, reckoning the percentage as per annum : 

12 per cent. = usurce centeeimoe, or asses usurce. 

1 1 per cent. <= usurce deunces 
8 per cent. — usurce besses 
5 per cent. = usura quincunces 
1 per cent. =- usurce uncice 

Higher rates than 12 per cent, were denoted 
by distributives : 

24 per cent. = bince centesimoe 

60 per cent. = quince centefiimce 

Expression of Fractions. 1. All 

fractions with 1 for numerator are denoted by 
ordinals, with or without pars .* J = tertia, or 
tertia pars ; J - quarta. 

2. All fractions with a numerator less by 
one than the denominator are denoted by 
cardinals with partes simply : \ ~ dvce partes ; 
;{ — quinque partes. 

3. All fractions with 12, or its multiples, for 
a denominator, are denoted by the parts of an 
As, which is taken os the whole : 

Heres ex, asse -- heir to the whole estate. 

Heres exc triente — heir to a third 

Heres ex semisse ~ heir to a half. 

4. All other fractions are denoted by the car- 
dinal for a numerator, and the ordinal for the 
denominator : 4 =: quattuor sepiimee. 

Expression of Sums of Money. 

Although the denarius ( =; 10 asses) was the 
silver coin in most frequent currency, the 
ordinary unit of reckoning was the sestertius, or 
nummus ( ~ J denarius, or 2^ asses). The 
Roman sign for 2i was IIS — i.e., II. -f S(erai8). 
'Phis is now written HS, and is the usual abbre- 
viation for a sestertius. Thus, 7,000 sesterces - 
septem miUia sestertium (shortened from sester’ 
tiorum). 

This shortened form sestertium was taken for 
a neuter singular noun, meaning 1,000 sesterces, 
ind so we get such forms as 

Sestertia decern = 10,000 sesterces. 

For sums of a million sesterces and upwards, 
adverbial numerals are used — e.g., 1,000,000 
sesterces = decies centena millia sestertium (or, 
more usually, just decies sestertium). 

2,300,000 sesterces = ter et vicies sestertium. 

To distinguish the meanings, strokes were 
usually added to the numerals — e.g., HSX = 
decern millia sestertium (10,000) ; HS | X ) = 
decies sestertium (1,000,000). 

Sbction II. SYNTAX. 

Sequence of Teneee. 1. If the verb in the 
prinoi]^ clause is in a primary tense (i.e., present, 
future, or true perfect), the verb in the subordi- 
nate clause will be (a) in the present subjunctive 
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if present time be denoted ; (6) in the perfect 
subjunctive if past time be denoted — e.g . : 

Aogavi ut iUi ignoscatur = I have asked that 
he may be pardoned. 

Cognoscam cur venerit = I will ascertain why 
he came. 

2. But if the verb in the principal clause is 
in a historic tense (i.e., imperfect, simple past, 
or pluperfect), the verb in the subordinate clause 
will be (a) in the imperfect subj. if present time 
be denoted ; (&) in the pluperfect subj. if past 
time be denoted — e.g., 

Rogavi utrum adesset = I asked whether he 
were present. 

Non dubium ercU quin jugisset = there was no 
doubt that he had fled. 

Infinitive Mood. The infinitive is an 
indeclinable verbal noun. It is used as object, 
as predicate and as subject, so far as a substan- 
tive in the acc. or nom. case would be so used. 
It is not properly used as a genitive, dative, or 
ablative, or as an acc. after a preposition. The 
gerund (also a verbal noun) is used instead. 

1. As subject : Dulce et decorum est pro patria 
mori = dying for country is sweet and comely. 

2. As object : Vincere scis : victoria uti nescis 
you know how to conquer, but not how to use 

your victory. 

3. As predicate to a subject in the nom case ; 
to express the occurrence of actions without 
marking the order of time. Often used in 
narration for a finite verb, hence called historic 
infinitive — e.g., 

Clamare omnes = all cried out. 

Rex primo nihil metuere, nihil suspicari = the 
king at first feared nothing, suspected nothing. 

Gerunds and Supines. 1. These are 
the cases of the infinitive. As mentioned above, 
the gerund is used to express the gen., dat., abl., 
or acc. after a preposition, of the verbal noun — 
e.g.. Breve tempus satis longum est ad bene 
honest eque vivendum = for living well and 
honourably, a short time is long enough. 
Fugiendo vincimus ~ we conquer by fleeing. 
Videndi et audiendi delectatio = the delight of 
seeing and hearing. 

2. The supine in -um is an acc. after verbs of 
motion. It often has a direct, more rarely an 
indirect, object — e.g., ibo lusum = I will go to 
play. 

Deos atque amicos it salutatum ad forum = he 
goes to hail the §ods and his friends at the forum. 

Non ego Oraiis servitum meUribus ibo = I will 
not go to serve Grecian matrons. 

Notb. This supine, with in* (pass, infin. of 
eo), forms the fut. infin. pass. — e.g., rectum iri. 

3. The supine in -m is used in the abl. to 
qualify adjectives in a way which miy be olass^ 
undir the head of “part concerned’* (abl. of 
reepect)— €.y., 

Foimce terribiles visu = forms terrible to see. 
MirabUe dictu = wonderful to say. 

Xbe Gerundive. 1. The gerundive is 
confined to transitive verbs. It is usually sub- 



stituted for the gerund when the gerund has an 
object expressed ; the object is then attracted 
into the case of the gerundive, which is made to 
agree \nth it in number and gender. This is 
very imporiant — e.jr., Cossar comitiali morho his 
inter res agendas correptvs est = Caesar was twice 
seized witn epilepsy in the midst of transacting 
business. 

Often used (like the supine in -um^ or the 
fut. ptc.) to express purpose, instead of ut with 
the subj. : 

Missus est a senatu ad animos regum per- 
sjnciendos (translate “ for the purpose of 
discovering ”). 

Hi septemmri fuerunt agris dividendis (“ for 
dividing lands’"). 

Note. The gerundive is used from utor, 
fungor, potior^ all these verbs being 
originally transitive. 

2. The impersonal gerundive implies neccs* 
sity, principally in intransitive verbs. This is 
the usual construcfion for expressing “ must,” 
and the agent is usually put in the dat., not 
in the abl. with a or ah : 

Bibendum est mihi — 1 must drink (literally, 
it is to be drunk by me). 

Suo cuique judicio utendum est ~ each must 
use his own judgment. 

3. The gerundive is often used as a mere 
attribute or adjective, meaning obligation, 
destiny, desert, or possibility. 

Deus et diligendus est nobis et timendus = God 
is both to be loved and feared by us. 

Eis otium diviticcque, optanda alias, oneri 
miserioeque fuere -■ to them leisure and riches, 
things desirable in other circumstances, were 
(for) a burden and a misery. 

To BE TURNED INTO LaTIN PrOSE. 

HOW TO PROCURE CONTENTEDNESS. 

By Jeremy Taylor. 

If then thou fallest from thy employment in 
public, take sanctuary in an honest retirement, 
being indifferent to thy gain abroad or thy 
safety at home. If thou art out of favour with 
thy prince, secure the favour of the King of 
kings, and then there is no harm come to thee. 
And when Zeno Citiensis lost all his goods in a 
storm, he retired to the studies of philosophy, 
to his short cloak and a severe life, and gave 
thanks to fortune for his prosperous mischance. 
When the north wind blows hard and it rains 
sadly, none but fools sit down in it and cry : 
wise people defend themselves against it with 
a warm garment or a good fire and a dry roof. 
When a storm of a sii^ mischance beats upon 
our spirits, turn it into some advantage by 
observing where it can serve another end, either 
of religion or prudence, or more safety or less 
envy : it will turn into something that is good, 
if we list to make it so. 


LANQUAQBS~-LATfN 

Latin V^ersion of the Foregoing. 

Honore amisso in honcstum otium quasi 
in templum defugito, neve pluris lucrum foris 
quam domi seouritatem facito. Et studio 
i-egio verso, modo tibi faveat Deus, nihil tibi 
damno fuerit. Zeno enim Citiensis re inter 
procellam amissa ad sapientite studiura togam- 
que brevem et duriorem victum ubi recesserat, 
fortunte gratias egit quod sibi ita opportune 
nocuisset. Et aquilono acri, tristi imbre. 
soli stulti sedentes dent, sapientis est se toga, 
igne, tecto defendere. Et ubi malw fortuna‘ 
tempestas in nos inciderit, docet hoc ipsum in 
lucrum vertere, spectato an ad aliud quid 
prosit, sive ad fortiores siv'c ad sapientiores 
reddendos, sive ad securitaU'm dandam, sive 
ad invidiam arcendam. Omnia enim in melius 
verti potuerint, modo ipsi hoc velimus. 

Section III. Translation. 

Horace warns Lyce that he cannot put up with her 
unkindness for ever. 

Extremum Tanain si bibcrcs, Ly(“e, 

Sspvo nupta viro, me tamen asperas 
Porrectum ante fores objicert' incolis 
Plorares Aqiiilonibus. 

Audis quo strepitu janua, quo nc'inus 
Inter pulchra satum tecta remugiat 
Ventis, et positas ut glaciet niv(‘s 
Puro numine Jupiter ? 

Ingratam Veneri pone superbiam. 

No currente retro funis eat rota. 

Non te Penelopen difficilem procis 
Tyrrhenus genuit parens. 

O, quamvis neque te munera nec preces 
Nec tinctus viola pallor amantium 
Nec vir Pieria pellice saucius 
Curvat, supplicibuH tuis 
Parcas, nec rigida mollior a^sculo 
Nec Mauris animum mitior anguibus. 

Non hoc semper erit liminis aut aquae 
Caolestis patiens latus. 

English Version of Above. 

Even though you drank of the far-distant 
Tanais, Lyce, wedded to a savage husband, 
still you would grieve to expose me, stretched 
before your cruel doors, to the north winds of 
the land. Do you hear how loudly the door, 
how loudly the grove planted within your fair 
abode groans beneath the blast, and how Jove, 
with his clear influence, freezes the fallen snows ? 
Lay aside the pride displeasing to Venus, lest rope 
and wheel run back together. ’Twas not to be 
a Penelope unyielding to suitors that your 
Tuscan father begot you. 0, although neither 
gifts nor prayers nor Jovers’ paleness with its 
violet hue, nor husband smitten with love 
for a Pierian mistress, can bend you, yet spare 
your suppliants, though not more pliant than 
the unbending oak nor gentler in heart than 
Moorish serpents. Not for ever will this body 
of mine endure your threshold or the rain of 
Heaven. 


CofUintted 
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Ip *‘!i1id ttuMB 

ttp lipKMt*' (A Aowliig Aa ialftli(m of 
Up ttilag ffitfn to Up tlting moon) ; ** Coming 
lAotpft Aa rye** thowi^ tbe rela- 

Am of tile Mtkm eomtng to the Aing rye) ; 

hoodm k fvXi of people'* {of showing 
teln^on at the nttri^te full to the thing pS>pU). 
1!he noon or pronoun following a preposition 
(and no other part of speech can fouow a pre- 
position) is in the objective case, ** governed by ** 
the preposition. 

Propositions were originally prefixed adverbi- 
ally to verbs ; they were, in fact, adverbs of 
place. Thus, “ He took the ring off his finger,” 
used to be “ he took the ring his finger,” ring 
being direct object, and finger indirect 
Gradually they were detached from the verb, 
and became prefixed to the noun or pronoun 
constituting the indirect object, losing in the 
process the force of adverbs and liecoming pre- 
positions. We have still some of these com- 
pound verbs remaining, as overteacK undertake, 
undrin^, withstand (stand against), withdraw 
(draw from), gainsay (say against). 

Claasiflcatioii of Prepoaitiona. Pre- 
positions may be classified as ^imp/e and 
Compound. The simple prepositions are ai, by, 
for, from, in, of, or off, on, through, tiU, to, up, 
with. 

The most important compound prepositions 


MA mmAmf ikkio God’^ (meaniog oid # 
mk df tktt minds), mm, htmami 



2. But is a proposiAti when it means eroefd* 
It should then be folbwed the objective ease, 
as ” No-one was saved but me.” Ckmsequently, in 


** The boy stood on the burning deck 
Whence all but he had fled,** 

there is a grammatical error. 

3. Adoum is literally “ off the hOl,” dune or 
dun meaning kiU. 

4. Two prepositions, now obsolete, are found 

in Shakespeare, Milton, and other early writers — 
sans and maugre. Sans is the French preposition, 
meaning without — e.g., ” ^ confidence sans 

bound” {Tempest). Maugre is the French 
maigre, in spite of — e.g., ” Maugre the Roman ” 
{Paradise Regained). 

Certain participles, such as considering, con- 
cerning, respecting, pending, during, notwith- 
standing, saving, save, are often used as preposi- 
tions, though they are not really such. Tims, 
in ” Notwtihstanding your cruelty, I forgive you,” 
the true construction is, ” Your cruelty not- 
Withstanding, I forgive you,” the first three words 
Iteing in the nommative absolute, and notwith- 
standing filling its proper part as a participle. 
Similarly, m '’’’Considering all things” (“all 
thmgs considered ”), “ Pending his arrival, I felt 
much excited” (‘‘his arrival pendmg”), and 


aboard beneath 

about be8ide(-s) 

above between 

across betwixt 

against beyond 

along but (by-out) 

amid(-8t) down, adown 

among(-st) except 

anent ( = oonoeming) inside 

(a)round outside 

aslant smoe 

astride toward(8) 

athwart underneath 

before after j formed by the 

behind over !■ comparative 

below under; suffix -er. 

Nearly all in this list are compounded of a 
proposition and an adverb, or a preposition and 
a substantive. The initial a in these oompounds 
ropresents on, and he represents l^. Thus, beside 
~ bv side, aboard « on board. In into, unto, 
until, upon, within, without, throughout, we 
have an adverbjtal particle prefixed to a simple 
proposition. 

Notxs. 1. Beside is used of place, to denote 
either nearness to, or remoteness brom : thus, 
“ Blessed are ye that sow beside all waters ’* 
(meaning by the side of ) ; ‘‘ Whether we be 
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so on 

Many prepositions are also adverbs, but it 
is easy to distmguish the two uses If the 
word m question governs a noun or some 
substitute for a noun, it is a preposition ; 
if not, it 18 piobably an adverb We say 
“ probably,” k^ause it might be a conjunc- 
tion, or even occasionally some other part of 
speech. 

Examples ; “ He walked along the river ” 
(preposition). “ He walked along very fast ” 
(adverb). “ Since his death, T have lived here ” 
(preposition) ; “ He died long since ” (adverb) ; 

‘ Since he is dead, we must not spee^ evil of 
him ” (conjunction). 

In “ But me no huts,” but is used first as a 
verb, secondly as a noun. 

When to is used as an adverb, it is usuidly 
spelt too (“ Thou wast a spirit too delicate To act 
her earthy and abhorred commands ”). 

Plitoe of the Preposition. A preposition 
should, if possible, immediately precede the 
word which it governs. Even in relative 
and interro^tive sentences this order shonld be 
observed. It is better and more dignified to say 
“ Of whom are yon speaking f ” than “ l^om 
are you speaking of ? When, however, in a 
relative sentence, the relative pronoun is omitted, 
the preposition is usually placed at the end of 



the sentenae — as : “ He is not » nuui I am fond 
I of ” (i.<.^“irf«famnla»fnid"). 

Coii|iBii^t0i4 9^ iNMidi irilkii job mi^saxm 

^ I urilirftit Mym Bm 

Hff ^jUm tog^tibr tlie tiro maktmm ** I wfU 
w»it” told “you oome.” Not owy word, 
however, that ooniieots two sentences, is a 
oonjttnoUon, for we have seen that relative 
proTOuns (leho, tehtch, etc.) and relative adverbs 
(tc^en, tt^e, etc,) often connect one sentence 
with another. With these two exceptions, all 
words which join sentences together are con- 
junctions. 

The conjunction and is peculiar, because, in 
addition to joining two sentences, it can also 
join two words, provided they are both of the 
same kind and stand in the same relation to some 
other word in the sentence — e,g., “ two and two 
are four,” “ egg and milk is a good mixture.” 
But in a sentence like “ My parents and my 
cousins are here,” and joins two sentences (“ My 
parents ore here ” and “ My cousins are here ”), 
not two words. And is the only conjunction 
that can join words, tho\igh it is sometimes said 
that hwti or, and nor join words. We shall find, 
however, that in every case these conjunctions 
really join sentences — e.g., “ Neither this nor 
that is right ” stands for “ This is not right, that 
is not right.” Such sentences are contracted 
Compound Sentences. 


Co-OBDiNATiVE CONJUNCTIONS join co-ordi- 
nate sentences, that is, sentences of the same 
rank (Latin ordo rank), neither of which is 
dependent on the other. The co-ordinative 
conjunctions are and, both, hut, nther, or, neither, 
nor (and, according to some grammarians, 
because, for, as, and whether). 

Either is the distributive pronoun, and 
whether the relative pronoun, used os con- 
junctions [See Pronouns] — e.g,, ” Either of the 
two suits me ” (pronoun) ; ” Either you or I 
shall perish ” (conjunction). 

Or is a shortened form of either. Neither and 
nor are for ne-either and ne-or. 

But was originally a preposition, meaning 
without, except. In phrases like “ I cannot but 
think,” “ There is no-one but knows,” it is a 
conjunction ; also in all cases where it joins two 
sentences, as “ Strike, but hear me,” ” He loved 
- not fatherland, but himself.” 


liroro M^ordinate olaases united by a co- 
ordinative oonjonotioii. In a oom^ex eentenoe, 
one danse is called the principal oianse, and ad 
^ other clauses are called saWdinate. These 
eabordinate dattsee pHny the part of advei^* 
adjectives," or substantives, and are cdled 
aooordingly, ildeerbiof, AdiecHwd, or 
iiuai CIsuMf [see next lesson]. 

The most important subc^dinative conjunc- 
tions are: 

1 . That, introducing substantival olauses — e,g.. 

He said that he was cold.” 

2. unless, except, etc. (conditional). 

'3. Though, although, albeit (concessive). 

4. That, meaning “ so that ” (consecutive) — 
as: “It was so cola that the water froze.” 

5. That, meaning “ in order that,” lest (final) 
— as: “ He went out that he might get warm.” 

6 . After, before, till, until, ere, since, now, 
while, as (temporal). 

7. Because, since, for, as (causal). 

8. Than (comparative). 

Notes. The conjunction that is really the 
demonstrative pronoun. ” He said that he 
was cold ” was originally “ He was cold ; he 
said that,'’' two co-ordinate sentences. Now 
one has become subordinate to the other. 

Because — ” by the cause that,” and albeit 
18 shortened from ” all be it.” 

Than is now regarded as a conjunction, 
though it is strictly a relative adverb, meaning 
when^ at which time. Therefore ” The sun is 
larger than the moon ” means ” When the moon 
is large, the sun is larger.” Both than and then 
are derived from that. The noun or pronoun 
following than may be in the nominative case 
or in the objective, according to the predicate 
to be supplied, thus : “He hates me more than 
you ” may mean ” He hates me more than he 
hates you ” {you being objective), or ‘‘ He hates 
me more than you hate me ” {you being nomina- 
tive) Such a sentence os “No one knows 
better than me what I have lost ” is, of course 
incorrect : it should be ” than I [know].” 

As was pointed out in dealing with relative 
pronouns, a relative pronoun following than 
is always put in the objective cose, even when it 
is strictly nominative — as : ” Caesar is dead, 
than whom no greater Roman ever lived.” 
Whom ought to be in the nominative, as the 
sentence stands for ” Caesar is dead, and no 
greater Roman ever lived than Ac.” 

It will be noticed that many of the sub- 
ordinative conjunctions take a verb in the sub- 
junctive mooQ, but as was pointed out in 
dealing with the subjunctive, the conjunction 
is no part of the mood. 

INTERJECTIONS 

These are words interjected or “ thrown in ” 
to express some emotion. They do not stand in 
any grammatical relation to other words, and are 
independent of the construction of the sentence^ 

Examples : Hurrah ! Alas / Oh / Ah / Pshaw ! 
Marry / (t.e., by St. Mary), Od'abodikins (God’s 
body). Zounds ! (God’s wounds). 


SuBOEDiNATivE CONJUNCTIONS join Subordi- 
nate clauses to a main clause, that is, they unite 
sentences one of which is dependent on the other 
— e.g., “ He’ll be hanged yet, though every drop 
of water swear against it.” Here, the second 
clause depends on the first, or is subordinate to 
it, therefore the conjtmction uniting them is 
subordinative. Such a sentence as the above 
is calledi a compkz sentence, as opposed to a 
compound sentence, which consists of two or 


Classification of Conjunctions. Con- 
junctions are divided into Co-ordinative and- 
Subordinative. 
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PUNCTUATION 

Punctuation is the right method of inserting 
stops (Latin jiuncta, points). Stops are written 
marks to represent oral pauses. If we speak to 
anyone for a few minutes, and notice carefully 
the manner of our speech, we shall find that we 
make pauses of greater or less duration, mainly 
— though not entirely — for the sake of clear- 
ness. If our remarks were then written down, 
these different pauses would be represented by 
different stops. 

Marks of Punctuation. 1. Where we 
completed a sentence, a 'period ^ or jull stop, would 
l>e used (.). 

2. Where we made a decided pause, but not 
HO decided as in the first case, a colon (;) or semi- 
colon (,*) would be used. 

3. Where only a slight pause was made, a 
comma (,) would be used. 

These words are not strictly names of stops, 
but of the fiortions of senUmces which they mark 
off. Thus, period means “ a circuit,” a complete 
sentence ; colon means “ a limb,” a member of 
a sentence ; and comma means ” a section ” of a 
sentence — something cut off, a clause. In 
Shakespeare comma has this meaning of a short 
part of a sentence. A semi-colon is a half colon. 
The meaning of a sentence ought to be plain 
without the aid of any stops whatever. Stops 
are comparatively a modem invention ; they ao 
not appear on ancient manuscripts, and at one 
time they were not allowed in our Acts of Parlia- 
ment. At the present day, too, in legal documents 
stops are usually conspicuous by their absence. 

Very often the entire meaning of a sentence 
con be altered by a slight alteration of punctua- 
tion — a fact of which full advantage is taken in 
many riddles that are propounded, and in many 
traps that are set for the unwary. Thus, in the 
well-known statement, “King Charles walked 
and talked half an hour after his head was cut 
off,” nonsense becomes sense by the insertion 
of a colon after ” talked.” Again : 

“ Every lady in this land 
Has ten fingers on each hand 
Five and twenty on hands and feet 
This is true without deceit.” 

Further instances will occur to everybody. 
Who, for example, has not heard of the advertise- 
ment, ** A piano for sale by a lady about to cross 
the Channel in an oak case with carved legs ” ? 

Uses of the Stopo. The full-stop is used 
to mark the completion of a whole sentence, 
whether simple or complex. It is also used after 
abbreviations — as i.e„ R.S.V.P., Rev., D.D. 

The colon originally marked off the parts of a 
compound sentence. It is now used after a 
sent nee which, though grammatically complete, 
is followed by another sentence closely conn-jctod 
in s nse. In such oases a full-stop would mark 
too great a break. For example, in Sir Walter 
Scott’s “Autobiography ”: “ My father had a zeal 
for his clients which was almost ludicrous : far 
from coldly discharging the duties of his employ- 
ment towards them, be thought of them, etc.” 


Again : 

** Ck>ward8 die many times before their deaths : 

The valiant never taste of death but once.” 

A colon is also used to introduce a quotation. 
For example ; A forgotten satirist well says : 

“ The active principle within 
Works on some brains the effect of gin.” 

(Lockhart’s “Life of Scott.”) 

The stmi-coUm is a modem form of the colon. 
It is impossible to lay down rules for their 
respective use, but, roughly speaking, the semi- 
colon marks a less complete pause than the 
colon. Tlie semi-colon is usually placed between 
the co-ordinate members of a compound sentence 
when the ctmnection is marked by a conjunction — 
as : “ Thou dost here usurp the name thou owest 
(ownost) not ; and hast put thyself upon this 
island as a spy ” ( “ Tempest ” ). If the sentences 
are short, and closely connected in meaning, 
commas are used instead of semi-colons — as : 

” We carved not a line, and we raised not a stone, 
But we left him alone in his glory.” 
Sometimes not even a comma is needed — as : 

“ He was born and died in London.” 

The comma is not used to-day as frequently 
os in former days. A sentence should not be 
overloaded with commas ; they should be used 
only where it is absolutely necessary for the 
sake of clearness. Common-sense must be the 
guiding element in their usage. But a few poinis 
may be mentioned : 

1. A comma should be used to mark the end 
of a substantive clause forming the subject of a 
verb — as ; “ That the days are longer in summer 
than in winter, admits of no dispute.” But if 
the clause either follows the verb, or is the object 
of the verb, no comma is used — as ; “ He said 
that he was cold.” 

2. In a list of words of the same nature — nouns, 
adjectives, adverbs, etc. — brought together in the 
same connection, a comma is inserted after each 
word except the second last when it is followed 
by “and’’ — as: “With an humble, lowly, 
penitent and obedient heart” (Prayer Book). 

3. The comma is used after an adverbial 
clause that comes before the verb which it 
modifies — as: “When he comes, tell me.” But if 
the adverbial clause follows the verb, the comma 
is not needed — as : “Tell me when he comes.” 

4. There is no need of a comma between the 
antecedent and the relative pronoun if the rela- 
tive introduces a limiting, or restricting, clause ; 
but if the relative is continuative or ampliative 
[see page 607] a comma must be introduced. 
The two examples quoted on page 607 well 
illustrate this : 

Bestrictive. “ He broke the pen which I lent 
him.” 

Continuative. “ His eldest son, whom he had 
lost many years before, had always been his 
favourite.” 

5. A comma is used to separate a noun in the 
Vocative (or Nominative of Address) from the rest 
of the sentence — as ; “ Thou spirit, who led’st this 
glorious eremite into the desert.” (Milton.) 


Continued 
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FRENCH By Louis A. Barbe. B.A, 


POSITION OF ADJECTIVES 

1. It very largely depends upon euphony 
whether an adjective is to be placed before or 
after the noun which it qualifies. In accordance 
with it, the following general principle may be 
laid down : monosyllabic nouns are seldom 
preceded by adjectives of several syllables. 

2. Use has established the following rules : 

(a) The adjectives 6eai/, beautiful ; 6on, 

good ; chety dear (loved) ; gentily pretty, nice ; 
grandy large ; groSy big ; jeuney young ; jolty 
pretty ; longy long ; mauvaisy bad ; meillevry 
better ; pelity small ; piVe, worse ; sol, stupid ; 
vaste, vast ; vteuxy old ; vilaiuy ugly, usually 
precede the adjective. 

(h) The ordinal numbers : premiery first ; 
deuxi^me and aecondy second ; troisi^me, third, 
etc., and also dernier y last, are placed before the 
noun ; le premier hommCy the first man ; le 
vingtiime siecUy the twentieth century. In 
connection with semainey week ; moisy month ; 
annee, year ; sikhy century, the adjective 
dernier changes its meaning according sts it 
comes before or after the noun, thus : la 
semaine dernilrey last week ; Vannee dernierfy 
last year — t.e., immediately preceding the present 
week, etc. When it is placed before the noun 
it indicates the last of a particular series, thus : 
la dernier e semaine du moiSy the lost week of the 
month ; le dernier jour de Vannhy the last day 
of the year. 

(c) Adjectives of colour, as rovgey red ; of 
shape, as rondy round ; of taste, as amery bitter ; 
of temperature, as tiedSy tepid ; of nationality, 
as frariQais, French ; and of religion, as protest 
tardy are placed after the noun, as ; nne fleur 
hlanchey a white flower ; une table carree, a 
square table ; une pomme douc€y a sweet apple ; 
de Veau froide, some cold water ; un soUlat 
anglaisy an English soldier ; un pastevr protea- 
tardy a protestant clergyman. 

{d) Present participles (which then become 
verbal adjectives) and past participles follow 
nouns when they are used to qualify them : 
une main tremblarde, a trembling hand ; un 
homme inatruity an educated man. 

(e) Adjectives which end in al, ely ic, ique, 
able, airey o»rc, and ible, and which arc con- 
sequently polysyllabic, usually follow the noun : 
un voyage aerdimentaly a .sentimental journey ; 
un homme apirituely a witty man ; un pare 
pvbliCy a public park ; une reponae cat^orique ; 
a categorical reply ; une femme remarquabUy 
a remarkable woman ; une depenae neceaaaircy 
necessary expense ; un ordre peremptoirey a 
peremptory order ; un remMe infaiUibley an 
infallible remedy. 

(/) A change from the literal to a figurative 
meaning is usuaUy indicated by a change of 
position : un habit noir, a black coat ; but 
une noire ingreditude^ black ingratitude. 

(g) In accordance with this, some adjectives 
in connection with certain nouns have very 


different meanings, according as they come 
before or after the noun. This is particularly 
the cose in connection with homme : 

Un hon hommey a simple, good-natured, man ; 
un homme bony a kind -hearth, charitable man ; 
un brave hommey a worthy man ; un homme 
bravSy a courageous man ; un pauvre hommey 
a man of mean capacity ; un homme pauvrey 
a man in poor circumstances ; un galard hommey 
a chivalrous man ; un homme galanty a man 
attentive to ladies ; un honnUe hommey an 
honourable man ; un homme hmnHey a polite 
man ; un cruel hommCy a disagreeable man ; 
un homme truely a cruel, inhuman man. 

Exercise VIII. 

1. The young man’s sister has pretty little 
children. 

2. The old houses have large gardens. 

3. The month of December (decembre) is 
the lost month of the year. 

4. He bought (has bought, achete) an ugly, big 
dog last week. 

5. They live (demenrent) in a large white house 
near the ruined [ruine) castle {chdteau). 

6. There are two round tables in the little 
square room. 

7. Have you any red ink ? 

8. No ; but I have some black ink and some 
blue ink. ^ 

9. The French language is a romance {romane) 
language. 

10. Spain {VKspagne) is a Catholic country ; 
England and Scotland (VEcoaae) are Protestant 
countries. 

11. The child took {prit) the money {argent) 
with {de) a trembling hand. 

12. The old church is near the public park. 

13. The French clergyman is a very inU'lli- 
gent and very learned man. 

14. Tliere are no infallible remedies. 

15. A worthy man is not always {toujoura) 
a courageous man. 

16. A rich man may {pent) be a man of mean 
capacity. 

17. A broad {large) and deep {profond) ditch 
{foaaey m.) protects {defend) the approach {ap- 
proche) of the old castle. 

18. Paris is a large and handsome city. 

19. They have met with {rencorUr^) insur- 
mountable {inaurmontable) difficulties {difpcuUi). 

20. We have spoken to a very amiable young 
man. 

DEGREES OF COMPARISON 

1. There are three degrees of comparison: 
the positive {le poaitif)y the comparative {le 
comparatif)y and the superlative (le superlatif). 
The positive is the adjective in its simple form— 
bony petity mauvaia. 

2. The Comparative. There are three 
forms of the comparative : (a) the comparative 
of superiority, (6) the comparative of inferiority, 
and (c) the comparative of equality. 
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(a) The comparative of superiority is form'^c^ 
putting pfiM, more, before the positive, and 

cue, than, after it : Le chien est plus grand que 
le chat, the dog is bigger than the cat. 

(b) The comparative of inferiority is formed 
by putting moins, less, before the positive 
and que, than, after it : Le chat est moina grand 
que le chien, the cat is less big than the dog. 

(c) The comparative of equality is formed by 
putting ausai, as, before the positive and que, 
as, after it : Le chat est aitssi grand que le chien, 
the cat is as big as the dog. 

When the comparative of equality is used in 
a negative sentence si may take the place of 
aussi ; Le chat nest pas si grand que le chien, 
the cat is not so big as the dog. 

8. The Superlative. Ihere are two kinds 
of superlative — (a) the relative superlative, and 
(h) the absolute superlative. 

(a) The relative superlative is that which, be- 
sides expressing a quality in the highest or lowest 
degree, indicates a comparison between that 
quality in one object, or class of objects, and the 
same quality in another object, or class of objects. 

The relative superlative may be a superlative 
either of superiority or of inferiority. 

The superlative of superiority is formed by 
putting the definite article le, la, or les liefore 
the comparative of superiority : L' elephant est 
le plus fort des animaux, the elephant is the 
strongest of animals ; elle est la moina jolie des 
trois sfjpurs, she is the least pretty of the three 
sisters. 

When the superlative is preceded by a 
possessive adjective, the article is left out ; 
Mon plus brau tableau, my finest picture. 

When the superlative adjective comes im- 
mediately after the noun, two articles a^e 
required— one before the noun, the other before 
the superlative : Les animaux les plus feroces, 
the most ferocious animals ; les hommes les 
moins inteUigents, the least intelligent men. 

In this construction when there is a posses- 
sive it takes the place of the first article 
only : Mes iUves les phis avances, my most 
advanced pupils. When there is a preposi- 
tion before the superlative it affects the 
first article only : The opinion of the most 
intelligent men, Vopinion des hommes les plus 
inteUigents. 

The preposition “ in,” which frequently 
follows tne superlative in English, is rendered by 
de in French ; The most beautiful flower in the 
garden, la ^us beUe fleur du jardin. 

The English rule with regard to the use of 
the comparative when only two objects a’-e 
oomparea, and of the superlative when more 
than two are compared, is unknown in French : 
The taller of the two, le plus grand des deux ; 
the tallest of the three, le plus grand des trois. 

“ More than,” ” less than ” before a numeral 
do not necessarily imply a comparison, but only 
excess or want. In that ease they are expressed 
by plus de, moins de : He has more than three 
fnmoB, il a plus de trois francs. When there is 
a real oom]mrison, in which case the verb is 
understood after the numeral. “ than ” is 
rendered que : Two dogs eat more than four 
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cats (eat), deux chiens mangeni plus que quatre 
chats. 

(b) The absolute superlative is that which 
carries the Quality of an object to the highest 
(or lowest) degree, but does not imply a com- 
parison with any other object. It is formed 
by putting some such word as trh, very ; bien, 
very ; fort, greatly ; extrimement, exceedingly, 
etc., before the adjective. Le plus, most, and 
le moins, least, may also be used absolutely ; 
but, in that case, the definite article le is in- 
variable. 

4 . Irregular C^ompariaona. (a) The 

adjective bon, good, is compared irregularly : 
bon, good ; meiUeur, better ; le meiUeur, best. 

(b) Petit, small, has both a regular and an 
irregular comparison : petit, small ; plus petit, 
smiuler ; le plus petit, smallest ; and also petit, 
small or little ; moindre, less ; le moindre, least. 
The regular form is used to express size : le plus 
petit des enfants, the smallest of the children. 
The irregular form is more commonly used with 
reference to importance, value, etc. : le moindre 
aoupgon, the least suspicion. 

(c) Mauvais, bad, has both a regular and an 
irregular comparison : mauvais, bad ; plus 
mauvais, worse ; le plus mauvais, worst ; and 
also, mauvais, bad ; pire. worse ; le pire, worst. 
The regular form indicates the actual badness 
of an object : La bihe est plus mauvaise que le 
vin, the beer is worse (t.e., of worse quality) 
than the wine. Tne irregular form refers more 
particularly to evil effects, unpleasant conse- 
quences, etc. Thus, to express the bad results 
of over-indulgence in beer and wine respectively, 
it might be said : la biere est pire que le vin, 
beer is worse than wine. 

5. Irregular Adverbs. In English these 
forms of comparison are used both as adjectives 
and adverbs, thus : His writing is better than 
mine, and. He writes beUer than I. In French, 
the two parts of speech are different, and must 
be carefully distinguished from one another : 

Adjective : Bon, good ; meilleur, better ; 
le meiUeur, best ; 

Adverb : Bien, well ; mieux, better ; Ic 
mieux, best. 

Adjective : Petit, little ; moindre, less ; k 
moindre, least ; 

Adverb : Peu, little ; moins, less ; le moins, 
least. 

Adjective : Mauvais, bad ; pire, worse ; 
le pire, worst ; 

Adverb : Mol, badly ; pis, worse ; k pis, 
worst. 

Mol has also the regular forms plus mol, k 
plus mol. . 

E.xebcise IX. 

1. The horse is bigger than the ass {dne), os 
big as the ox {haeuf), and less big than the 
elephant. 

& Cats are not so faithful {fidik) as dogs. 

8. The tiger is the most ferocious of animals. 

4 . My finest pictures and my best books are 
not here (iW). 
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5 . Here is the best known (connu) of Dumas' 
novels {roman, m). 

6 . He lives in the smallest house in the 
village {vittage, m). 

7. The least difficulty discourages (d^urage) 
lazy (ffiresseux) pupils. 

8. He has spent {passi) more than three 
months in France. 

9. Three oats eat less than two dogs. 

10. The wolf has eaten (mangi) more than 
three sheep. 

11. Gold is less useful than iron ; gold is the 
most precious {pricietuc), but iron is the most 
useful of metals. 

12. The highest {elevi) mountain {motUagne, /. ) 
in Scotland is (has) more than four thousand 
{quatre mille) feet.^ 

18. There is one of the most intelligent pupils 
in the class. 

14. The prettier of the two sisters is not the 
more amiable. 

15. The most bitter fruits are often the most 
wholesome (sain). 

16. The remedy is often worse than the evil 
{mol, m.). 

17. Doctors {mMecin) are more useful than 
barristers (avocai). 

18. We have (one has = on a) often need of 
one smaller than ourselves (oneself = soi). 

Key to Exercise VI. (page 1187). 

Je regarde par la fenetre. Devant la fenetre 
il y a un grand jardin. Dons le jardin il y a 
des arbres. Parmi les arbres il y a un bel 
aubour, un joli lilas, une aubepine, une yeuse 
et un sorbier. H y a aussi de grands lauriers. 
lls sont toujours verts. L’yeuse aussi est 
tou jours verte. En automne le sorbier a des 
baies. Elies sont rouges. En hiver le houx 
a des baies aussi. feuilles du houx sont 

luisantes et piquantes. Au printemps le houx 
et le sorbier n'ont pas de baies. Au deUi des 
arbres je vois un wnt. Sous le pont il y a une 
petite riviere. U eau de la riviere est fraiche 
et claire. Au delk du pont il y a une large rue. 
La rue a deux trottoirs. Au bord des trottoirs 
il y a des reverb^res, Dans la rue il y a 
plusieurs personnes. Elies marchent sur le trot- 
toir. Une des personnes est un facteur. 11 a 
un sac plein de lettres. 11 y a aussi une 
voiture et un cheval. Il n*y a pas de char- 
rette. Au bout de la rue il y a une eglise. 
Ril e a un beau clocher, Le clocher est haut. 
Il a une girouette. L'^glise n’est pas vieille. 


elle est nouvelle. De la fendtre je vais k la 
table. Je prends un petit livre. La couverture 
du livre est bleue. Dans le livre il y a de 
jolies gravures. Une dee gravures reprosente 
une ferme. La ferme est da^ une grande cour. 
Elle a une 4ourie et une Stable. Dans ratable 
il y a des vaches. I.«a vaohe donne du lait. 
L’Icurie est la maison du cheval. L’^ourie 
n'est pas un grand b&timent. Dans T^curie 
il y a un jeune cheval et im vieille jument. 
Pr& de la ferme il y a un pr6. Dans le 
il y a des brebis. Une petite fille garde les 
rebis. La brebis donne de la laine. La laine 
de la brebis est utile k Thomme. Derri^re la 
ferme il y a un verger. Dans le ve^er il y a 
des pommiers, des poiriers et des cerisiers. Les 
pommes sont le fruit du pcmmier. Les pomme5< 
sont bonnes quand ellessont mhres. Les cerises 
sont le fruit du cerisier. Elies sont douoes. Les 
poires sont savoureuses. J'aim ) la campagne. 
En je vais k la campagne. J'ai une petite 
maison sur une collino agreablo. Elle est 
blanche. Les contrevents sont verts. lie toit 
est de chaum^. Elle est propre et gaie. A la 
campagne Texercice donne un nouvel app^tit. 
La faim est un? bonne cuisini^ro. I^^s mets 
sont fins. Les ropas sont des festins. En hiver 
je n'aime pas la campagne. Elle est nuo et 
triste. Les arbres n’ont pas de feuilles. 11 y a 
de la neige sur la torre. En hiver j’aime la 
ville. 

Key to Exercise VII. (page 1188). 

1. VoiUi de beaux livros. 

2. Les enfants sont polis. 

3. Vous avez de belles oranges. 

4. Les bateaux ont des gouvernails. 

6. Les peches et les abricots ont des noyaux. 

6. Nous avons donne des prix aux el^ves. 

7. Les portes n’ont pas de verrous. 

8. Les joujoux des enfants sont casses. 

9. Les bijoux de la princesse ont coQt6 des 
prix fous. 

10. 11 y a des choux dans le jardin. 

1 1 Les bergers garden t les troupeaux. 

12. Les chevaux sont des an'maux utiles. 

13. II n’y a pas de chacals en Angle torre. 

14. Les eglises ont de beaux vitraux. 

15. Les generaux ont des aieux nobles. 

10. Nous n’avons pas bosoin d’cventails. 

17. Les petites filles ont les yeux blous. 

18. lls ont donne plusieurs bals. 

19. La voute des cieux est parsemee d’^toiles, 

20. Les travaux des horames sont p^rissables. 


Conlinued 


GERMAN By P. G. Konody and Dr. Osten 


XIV. 1. The Past Participle op Weak 
Verbs is generally formed by the prefix gr- 
and the suffix -t or -et. 

The prefix gr- cannot be added to verbs of 
foreign origin, like the extensive group of verbs 
ending in -term, (abbie tm, to add up ; citie'rrn, to 
quote; regieten, to reign, govern; etc.), and to 
vmhs with unstressed first syllables (such as those 
with the prefixes ht-, esq?-, ent-, cr-, gf- wv-, ^rr-) 


Examples: ge-(rM; (ern-m (to learn), 

gt-lcm-t ; but regimn, regier-t ; bfgra'^en, (to greet), 
begrii^-t ; rrlaub^n, (to ^rmit, allow), erlaub-t ; etc. 

2. The Present Participle of all German 
verbs is formed by the suffix -enb: Icb*ent>, 
praising; lem-enb, kiming; r«b-enb, fprec^-enb, 
speaking; etc. 

Note. The Progressive Form (auxilia^ 
verb and participle present) is never used in 
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German. “I am com’ng” is expressed by 
„\&f femme'' (1 come), ntver\y „\&i fcin femmenb" ; 
“ i was learning,” Irmte" (I learned), never 
„\^ mat lentcnb". 


3. The Imperative (mood of command, desire, 
and wish) is formed in the weak conjugation by 
the suffixes -e (sing.) and -ft or -t (phir.). 

civil address leb-cn ^EicI Um-en Sie! 


The suffix -f in the sing, and the flective e in the 
second person plrr. can in r^ome cases be omitted, 
but not in verbs with stems ending in b or t, e.g., 
bab-f ! bJb-ft ! , bathe ! ; vct-c ! veb-et ! , speak ! 

For the sake of emphasis the personal pronoun 
is sometimes added, either before or after the 
verb: Tu, (cine! or Vfvnc bu ! — -.Aljr, iernet! or 
Vcriift ibrl 


4. As in English, the imperative for the first 

and third person is formed with the help of 
auxiliary verbs. There are either auxiliary verbs 
of tense (ffin, f)abm, merben), or of mood* ** : fdl-m, 
\&f frl( (I am to) ; mc^v^tb ^ (1 niay) ; inufTcn, 

must ; Jvoll-fii, i(b mill (I will, 1 want to, I wish to) ; 
laff-cn (to lot, to allow, to permit, etc.). They are 
used in the indicative and conjunctive moods, 
the subject either preceding or following the 
fimte verb. 

Examples: ^eifit mir ^ludbcibl — Let us be 
happy ! [pres, conj.] ic^ (cv j ^(ucflich fein ! — 

May 1 (he) bo liappy! (t femmen ! — May 

he come (let him come !) unb fein ! — 

Lotus bo diligent! Al)r fcllt (mu^t) Icvncn! — 
You ought to (must) learn! (Sfi mcvbf ^id't! — 
Let there bo light ! Icbe ! — May he live ! 
lSDlcd)tf ftf ibm ! — May he succeed with 

it ! (lU. : May it him succeed). 

5. The auxiliary verbs of mood: mi'^rn, may, 

and lafifit, let, and the conjunctive forms are 
used where the imperative expresses a wish, 
desire, or hope; whilst the indicative denotes 
command. To distinguish this indicative of 
command from the indicative of the ordinary 
statement, the sequence of words in the former 
case is the same as in a sentence of question 
[see IX.]: er femwten 1 May he come 

(let him come!) but: Cfr femmen, he may 
come. 


XV. 1. Prepositions. The German preposi- 
tions govern either the genitive (2), the dative (3), 
or the accusative (4), or in some oases the two 
latter alternately, whilst a few govern the genitive 
and dative alternately. Examples (the governed 
case is indicated by the figures in brackets) : 

anjlatt (2), instead of ; irci^en (2), on account 
of, because of ; aiu^ (3), out of, from ; bd (3), 
near, about, with, at, by ; mit (3), with ; ita^ (3), 
after, to, for; ron (3), from, of; ju (3), to, at, by; 
fur (4), for; ^e^en (4), against, toward; c^ne (4), 
without; bur^ (4), through, bv; urn (4), around, 
about, for. The exact employment of these 
prepositions must be learnt by practice. What 


* Denotations of will, command, wish, desire, 
ability, obligation, etc., which in their varying 
sense cannot be exactly translated into English. 

** Ingip. conj. of megnt. 
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the student has to commit to memory is the 
case governed by each. 

The prepositions governing two cases will be 
treated subsequently. 

Examples : (fr rcbetc jlatt (2) meiner — he spoke 
instead of me. 3d) femme megen ( 2 ) M <$c^uler« — 
I come on account of the scholar. 9Dir fcmmeti 
au6 (3) bem (Marten — we come from the garden. 
3t^ n>ar mit (3) bem iBater — I was with the father. 
(Sx femmt nad) (3) 3^nen — he comes after you. 

if! fiir (4) bae* ,^inb — it is for the child. Sir 
fc^elten fleflc|i (4) ben Sinb — we sailed against the 
wind, (ir arbeitete ebne (4) mid) — he worked 
without me. Sir manberten burcb (4) ben Salb — 
we walked through the forest. 

XVI. 1. The Strong Declension [see V. and 

VI.] is chiefly taken by the masculine, the majority 
of the neuter, and a few feminine nouns ending 
in -t (tie SWau^, the mouse ; bic the 

nut; bie Jlunfl, the art; bie '-Brant, the bride; etc.) 
-ni« and -fal (bie .Henntni^, the knowledge; bic 
Trubfal, the affliction; etc.) As the nouns of 
feminine gender remain unaltered in the singular 
of both the strong and the weak declension, the 
formation of the plural provides the only clue 
as to the group to which they belong. The 
feminines of the strong declension, except 
those ending in -ni^i and -fal modify the vowel 
in the plural. 

2. The characteristic feature of the strong 
declension of masculine and neuter nouns [see 
VI.] is the suffix -es or -e in the genitive. 
The inflection is taken by nouns 

(а) ending in an unstressed -e, 

(б) ending in the unstressed syllable -ft, -em, 
-cn, or -cr, 

(c) some substantives of foreign origin, 

{d) all diminutives [see XII., Ic, and 
Table VI/>]. 

Examples: (a) ba# ©cuuT'bc, be« ©cuuHbc-^, 
(vault); (b) ber Mattel, bc^ <Sattet-^, (saddle); ber 
',Htl)em, bee '^Uhem-e*, (breath) ; ber SWa^eii, bee aWa^fn-e<, 
(stomach); ber gifc^cv, be^ gifeber-^, (fisherman); 
(c) bae beu 93cntit-^, (valve) ; ber Tenci', 

beet Xcncr-g (the tenor); (d) ba^ i^d'terei^en, bee' 
iBdtcrd^icn-ft. 

3. All other strong substantives take -cd in 
the genitive, but the c is sometimes dropped in 
nouns that do not have the stress on the last 
syllable — e.g., ber Jtc'nig, bf« .tcnig-fi (king) ; ber 
9l'bcnb, be^ '^benb-?, (evening); ber gdf)nri(^, bc« 
gd^nrid)-^, (ensign); but ber SWatm, be^ SWann-cet. 
Nouns with stressed final syllables ending in e 
drop the flective e for reasons of euphony: ber 
AUc, M .^llff-s, (clover) ; bas Jtnic, bc^ Jbnu-e, (knee). 
The flective e can also be dropped in the dative 
of nouns ending in hissing sounds (e, ff, fd), )): 
bo^ ®xae (grws), be^ ®raf-cfi, bem @raf-f or bem ®xae ; 
ber glui (river), be^ glufi-e^, bem gluff-e or bem 
gluj ; ber aBunfd^ (wish, desire), be4 ©unfd^-e^*, 
bem ©unfe^-e or bem ©unfe^; ber llang (dance), 
M ilanj-e^, bem Xaxi^-t or bem tanj. 

XVII. The Posssssivx Pronouns are: 
mein, my; bein, thy; fein, his; il)r, her; fein, its; 
wifcr, our; cuer, your; i^r, their; each with three 
genders and a uniform plural for all the three 
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gendm. The suffixes shown in the following 
table serve for aU possessive pronouns : 

Singtdar, 


1. 

mein 

(m.) 

inein-f (/.) 

ntein 

2. 

mein-ed 


mein-et 

tttfin-cd 

3. 

mein-cm 


mein-er 

uicin-cm 

4. 

uteiu-en 


ntcin-c 

mein 




Plural. 




1. 

wein-c 




2. 

mein-cr 




3. 

ntein-cn 




4. 

uifin-c 



1. The doclensive e (or the radical c) is some- 
times dropped in the declension of and 

fU-c-r: unf(c)v-c£< or iinffv-(c)^ ; cii{e)r-fi? or ; 

iini(c)r-fm or uni'ev-(c)nt ; fii(c)v-fni or cuci*-(c)m ; ete. 

2 The possessive pronoun agrees in gender, 
number and case with the substantive, when it 
precedes this substantive (as attributive adjec- 
tive): mein my hat; tcin-c your waist- 
coat; fein his shirt; ter mcin-c6 ^Natevi?, 

mein-ev SWuttev, mcin-ci? .Hintce<, the hat of my 
father, of my mother, of my child. 

3. The third person fein (m. and n.) his, and 
ihr (/.) her, agrees in gender with the substan- 
tive which it substitutes, but in number and 
case with the noun it precedes ; tor instance : 
lev .^cni^ liebt fein-cn v^olm uni fein-e Icctncr, 
the king loves his son and his daughters. 

EXAMINATION PAPER V. 

1 . Which prefix and suffix are i mployod in the 
formation of the weak past participle ? 

2. Which are the cases where this prefix cannot 
be employed, and how is the past participle 
formea in these cases ? 

3. Name the unstressed prefixes of German 
verbs. 

4. Which suffix is used for the formation of 
the present participle of all German verbs ? 

5. How do the familiar and the civil form of 
address differ in the imperative of the second 
person singular ? 

6. When is the imperative formed by the aid 
of auxiliary verbs of tense, and when by 
auxiliary verbs of mood ? 

7. Are the prepositions subject to declension? 

8. Which feminine nouns belong to the strong 
declension, and what are their terminations ? 

9. How do you judge whether a feminine noun 
belongs to the weak or the strong declension ? 

10. What is the gender of the majority of 
strong nouns ? 

11. Which strong nouns form the genitive sing, 
with the suffix and which with the 
suffix -e6 ? 

12. When is the flective -< omitted, and when 
retained, in the genitive and dative ? 

13. Which are the German possessive pronouns ? 

14. Are there any distinctions of gender in the 
plural of the possessive pronouns ? 

15. Where is the possessive pronoun placed 
when used as attributive adjective ? 

16. With which substantive do frtn and i^r 
(her) agree in gender, and with which in 
number and case ? 


Exercise 1. (a) Form the present and past 
participles of the following verbs, after having 
ascertained the stem : 

aljncn, avbcitcn, atbmcn, babtu, 
to forebode, to work, to breathe, to bathe, 
bc^rupcit, bolad^clu, nlaubtn, 

to greet, to smile at, upon, to allow, 
crja^Icn, cvvct()cn, 

to narrate, to charm (ravish), to blush, 
creffnen, ^abuni, 

to open (inaugurate), to yawn, to obey, to grant, 

banlfln, feften, Kiutcii, 

to act, to hate, to taste, to cost, to ring, 

Itcbcn, Irbcn, Icviicii, laufdKii, ldd>cln, 
to love, to praise, to learn, to listen, to smile. 

bffmn, vaiidKii, vfd)ucn, 

to open, to smoke, to reckon, to calculate, 
veben, rc^imn, vcftcii, facten, fc^dn, 
to talk, speak, togovein. toroast, tosay, tosail. 
fcbnal^cn, fpiclcu, 

to smack [one's tongue] to play, to gamble, 
ftcvfn, I'cvfaiV'ii, vcvfviclm, 

to disturb, to refuse, to lose [at play], 
^dhloii, ^cid'ucn, ^cvftcvcn. 
to count, to draw, to destroy. 

(6) Insert the missing imperatives: 

(sing.) lie ! (pi) Icn ^^atev’ 

Learn the lesson ! Greet the father ! 

(8.) lie -11 )uy! (pi.) nil)i^l 

Open the door ! Bo quiet ! 

(s.) beten ! (pi) . \ (at.) .... lie (Mlecfe ! 

Let us pray ! Pray ! Ring the bell ! 
(conj. pres, of to he) tviv rul;ii^ ! 

Let us be quiet ! 

Exercise 2. Insert the missing substantives 
and pronouns in the cases required by the pre- 
positions. 

T>ie SD^utter femmt ftatt 

The mother comes instead of the father. 

^ir iranlerten init lurd) 

We walked with the children through the wood. 

Cfv veifte c^e^en be^ Dnfcl^ 

He travelled against the wish of the uncle 

(^v femmt au^i 

on account of the aunt. He comes from the south 

unb brin^t'C^ffc^cnfc fur . . . , fur . . . unb fiir 

and brings presents for me, for him and for the girl. 
Ter tifbrer lobtc und nad? .... ^Irufuiifl 
The teacher praised us after the examination. 

Qx fommt nac^ o^nc 

He comes after [the] dinner without a guide 

burt^ 29ir beteten fur 

through the forest. We prayed for the uncle 

unb fur uac^ .... $rebi^t (/.) 

and for the aunt after the sermon. 

t}drte cine fiatt 

I heard a speech instead of a song. 
Exercise 3. Insert the missing inflections 
of the strong genitive -etf or -0. 

Ter fliabtuen bed ©etndlbe . . unb lie Terfe bed 
The frame of the picture and the ceiling of the 



LAMOUAOBt-OKIlMAM 

C))rtr6tbe.. bunfel. 3>ie Savbe .ffafe.. 

vault were dark. The colour of the cheese 
tfl gflb. dr ^olrr bm @rtff bee . tinb b<n 
is yellow. He fetched the hilt of the sword and the 
bee ^Sattcl . . aue brut asinfel bee Bimraer . . 
stirrup of the saddle from the corner of the room. 
2)fr dlater bee 2Jrdb(b«i • . unb bc^ .Rndblein . . tft 
The father of the girl and of the {dimin.) boy is 
bet ?8efibet bc^ unb betf Sffla^en.. 

the proprietor of the castle and of the carriage. 
T>er 9lnfan^ bcei ffllcnat . . unb be^ 

The beginning of the day, the month, and the 
B*Jbr...; bie (grrabUu lce« SKonb... unb befi 
year; the beam^ of the moon and of the 
Vlbfnbfleru. . . Tie <^rau bes SWajer.. fab bie 
evening star. The wife of the major saw the 
'Briber be^ SWci^ul . . im(3) 03arten bes 
wives of the mogul in the garden of the palace 
im(3) i*icbte ber* aJlonb . . . Ter ^efebmaef bes €alj. . . 
in the light of the moon. The taste of the salt 
uno be^ ^Ifeffer. . mar bitter; bie Supi^feit bes 
and pepper was bitter ; the sweetness of the 
itunfd)... unb beet Il)ec.. mar bie beet Buefev. . 
punch and of the tea was that of (the) sugar 
ober bf^tJocni^-s. Tie J^arbe br^ 23aub . . . unb bed 
or honey. The colour of the ribbon and of the 
3ucl^.. beb tie Beije bed 

•hawlraised (intensified) the whiteness of the neck 

bed fdmncn 3ed)tevdKn.. unfered Birtb. . . 
of the beautiful {dimin.) daughter of our host. 
Tie Beit bed <»dmecfcn . . nnb bed ^tutburjl . . , fuilte 
The time of terror and of bloodthirstiness filled 
alle Ofdume bed .Hcrfer.. unb bed benaebbarten 
all the rooms of the prison and of the neighbouring 
(Mfbdub. . . nth (3) ben (^efan^cnen bed •&er'^o^. . unb 
building with the prisoners of the duke and 
feined CiJuniVlin^. . , bed SWini'fter. . 
of his favorite, the minister. 

Exercise 4. (a) Replace the definite and the 
indefinite article in Examination Paper II., 
page 750 (where the nature of the substantive 
admits it), by the pronouns mein, bein, fein, ibr 
(her) in the corresponding genders, (b) Insert 
the missing possessive pronouns in the following 
sentences : 


.... Slater, Sluttrr unb . . . tBruber fenuiai 

My father, my mother and my brother come 
brute. . . . Otocf, .... Befte unb ... ^&emb 
to-day. Your coat, thy waistcoat and his shirt 

finb bi^f- Tec Sruber Stan ijl 

are here. The brother of my wife is my 

€cb wager Sebn fpapert mit bet Xrebter 

brother-in-law. Our son wal^ with the daughter 

Sttunbfd in @arten. Bit rerfaufte .... 

of our friend in his garden. She sold her 

Bagcnfm.) S^ferbe(n.) unb ... ^aud(n.), unb 

carriage, her horses, and her house, and 

entile^ tammerjimgfer unb Timer (m.). 

dismissed her chambermaid and her servant. 

— Jfutf'cber fabrt mjuglicb mit (3) ^Pferben. 

Your coachman drives excellently with our horses 
(drlvei our horses splendidly). 

Tei Bvfunb SKutter ift autb ber greuub 

The friend of his mother is also the friend of our 

^aufed(n). Tfi .^cnig liebt .... 3cbn unt . . . . 
house. The king loves his son and his 

Jccbtei ; bie .Hcnigiii liebt .... 2ebn tint . . . . 
daughter; the queen loves her son and her 

locbter; ber ^rin^ Uebt .... il^atcr nnb . . . . 
daughter; the prince loves his father and his 

SWutter; bie ^Irinjeffln Uebt .... Slater unb . . . . 
mother; the princess loves her father and her 

aWutter. Ter .Kenig ifl ficber inmitten (2) 

mother. The king is safe in the midst of his 

^U>lfe«; bie itenigin ifl fitber inmitten 

people ; the queen is safe in the midst of her 
illclfe^; ba« Mint be« itenigd ifl ficber inmitten 
people ; the child of the king is safe in the midst 

.... SBelfc^i. Ter gebrer Irbte ©cbuler 

of its people. The teacher praised his pupil (m.) 

unb ^(bulerin in (^egcnwart(/.) in (3) 

and his pupil (/.) in our presence in your (pZ.) 
$auff. @r fvracb mit (3) — Sebne unb mit (3) 
house. He spoke with his son and with 

lotbter pen (3) ^ldnen(m.) unb non 

his daughter of their plans and of their 
Bunfebe ju rrifett. 
desire to travel. 


Continued 


1344 



THE SCULPTOR’S OUTFIT 

Action and Form of Animals. Making: the Armature. Setting: out the Scale 
fbr Measurements of the Subject. Putting: on the Clay. Anatomical Models 
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By COURTENAY POLLOCK. R.B.A.. and P. G. KONODY 


Action and Proportion. It may 

Rimplify matters to divide animal drawing into 
two distinct studies — action and form. The 

early study of action will impress upon the 
memory the general ap- 
pearance of the animal 
and its manner of move- 
ment. If you face the 
animal with paper and V • 

pencil, don’t wait for the 
model to “ pose ” or settle * • 

down, which would be 

sheer waste of time. ^ 

Begin at once to draw ; 
look at the model long 

and carefully, noting the . /. s 

proportions and general 
outline only. Then put ^ 
on paper what you recol- ‘ , ' . 

lect. There is no need " 

to make large studies — 

4 in. sq. will be found a 
convenient size. If the 
model should happen to 

move, don't wait for a iv. ■% 

return to the same posi- 
tion, but leave the note 
as it is, and make another. 

In this way you will fill 
your book with odd and 
seemingly incomplete 
studies. But these will 
prove most valuable, and 
every bit of drawing is 
so much knowledge 
gained. The chief point 
is to look well at the 
model before putting pen- 
cil to paper ~ say, ten 
seconds for five seconds’ 
drawing. Use a soft 
pencil, and don’t hesitate. 

Each time draw the whole 
animal, if possible, and 
you will quickly grasp 
the action and propor- 
tions. Use few lines, but 
let none of them be 
meaningless. Shading is 
unnecessary, as a rule, 
and should only be used 
to explain the form, but 
avoid^ when movement 
can be expressed with- 
out it. 

Form. In drawing 

form, it is beet to con- 18. the era 

fine attention to some By Mid 

1 X 


particular part 
each study as 
if it be after 
one part until 


18. THE STATUE OF DAVID 
By Michael Angelo 


of the animal, and again to leave 
soon as the animal moves, even 
a couple of strokes. Keep to 
you have learnt something of it, 
and draw it in as many 
positions as possible. But 
you must look carefully 
and put down only what 
you are sure you have 
seen. One hour of this 
system will teach you 
much. 

For students living in 
London, the Zoo will 
afford ample opportunity 
for study. Permission to 
enter for this purpose may 
be obtained on appliea- 
tion to the Super- 
intendent. Those who live 
in the country will, of 
cour8t\ have to confine 
themselves to such ani- 
mals as they find around 
them. But the student 
can learn as much from 
these as from any others. 
If he really wishes to 
learn, the difficulties are, 
after all, not very great. 
One can generally come 
to an understanding with 
an omnibus or cab pro- 
prietor, or a groom . Dogs 
and cats are at hand 
everywhere. Rabbits may 
be bought for a few 
pence, and threepence 
will buy a live rat at any 
market hall. The study 
of animal anatomy is 
essential for the mastering 
of animal drawing. 

Modelling the 
Figure in Relief. The 
word “relief” is not used 
here to signify relief 
proper (which the student 
should not attempt at this 
stage), but to distinguish 
between modelling on a 
slab and modelling in the 
round. Slab work is recom- 
mended at first, because 
armatures can be dis- 
pensed with. Draw your 
outline on the clay, as in 
previous cases, and build 
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[ A flmaS skelf to lomi 
» tthAll fitsnd. 
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AiUi'/v'- 

At tbe foot of the 

ground on wlikdi Hie - 

1^0 ••Roiwid** Attacliad to the Slmh. 

Put cm the day, not in the manner of low 
relid, hut as if you were actuaUy making a 
m<^el in the round, attaching the figure to the 
clay background, and disregarding any tempta- 
tion to foreshorten. Unhampered by constant 
movement, as in the case of animal study, you 
(?an work at greater leisure. A slab of about 
16 in. by 24 in. will be found convenient for 
figure studies ; the figure should not be less 
than 18 in. high. 

It is absolutely necessary that the student 
should study artistic anatomy. Without a very 
thorough knowledge of anatomy, and of the 
changes of surface form resulting from different 
movements, it is impossible to become a 
thoroughly good sculptor. 

Modelling in the Round. The first 
thing to consider in “ modelling in the round ” is 
the armature upon which the figure is to be built 
up, and the tools n^quired. Lc^t us take a fi^re 
half life-size — f.r., between 32 and 34 in. high 

The tools and materials necessary are : 

A wooden turntabh;, 3 ft. 5 in. high, which 
has a revolving top, and costs from 10s. to 
158. This table is for the work. Another 
turntable, or rostrum, is required for the 
model. It should be 15 in. high and 3 ft. 
square, and must be made in two parts, 
the top half revolving upon the lower, 
costing about 25s. 

It is generally more satisfactory and 
cheaper to have these things 
made by a joiner, but, to save 
trouble, they may be bought at 
an artists’ rejX)sitory. It is im- 
portant that they V)e strongly 
made. 

A wooden board is required, 
about IS in. square and 1 in. 
thick, with battens underneath, 
to prevent warping. Fix upon this with screws 
an iron upright of 1 in. in thickness, and 35 in. 
in length. Bend it to a right angle 20 in. from 
the foot. Along this htmt piece measure off 
10 in., and at this point l>end it back again into 
the j)erpt'ndicular. 3’he foot should l)e splayed 
1 OS shouTi in 19] into three feet, thus giving a good 
hold for the screws. With the 10 in. crank 
deduett^d, t his will leave the upright 25 in. high. 

About 12 ft. of “ eompo ” tubing of i in. 
diameter, and about 9 ft. of galvanised wire, 
thin enough to l>end easily in the fingers, is also 
wanted, os well as a hammer and a pair of pliers, a 
pair of callipers about 20 in. long, curved outwards 
in the middle so that the halves come together 
again at the {mints. These should be of steel ; 
wooden callipers are easily broken. Have also 
half a dozen splinters of wood 1 J in. long, and a 
box of wooden matches, also a sheet of card- 
board Hot less than 3 ft. long and 18 broad. 
Upon this board the scale will be drawn. 

MaKing the Armature. Next comes 
the armature. For the legs cut off 53 in. of 
tubing, and bend it over the top of the upright, 
fattening it on to the iron support and binding it 

1340 


19, ARMATURE SUPPORT 


'tii; 

^ le 

me, ppp h lit^ jbo 

each wiH of on^ leg [ggj. 

Cat off the feat, ao that the dads reach within 
I in. of the board. All bhiding ekmld be done 
in this way. 

Take a piece of wire about 4 in. longer than 
will he required to reach twice round the pieces 
to be bound together. Bend this so as to 
double it, and again her. d it in the middle. With 
the pliers give the end of the last bend one or two 
twists, then bind the free ends round the tubing, 
and with the pliers twist the ends, pulling it 
towards you, so as to tighten the binding. In 
this way one is able to tighten the binding, if 
necessary, by twisting the ends of the wire. 

Now cut off a piece of tubing to support the 
trunk and shoulders, as shown in 21, and another 
piece to support the head and strengthen the 
torso. Bind these pieces, as shown, to the 5 in. 
portion of the upright making the top flat for 
the shoulders. At the top of the back and neck- 
piece bend the tube into a small loop, to give 
plenty of attachment for the head. Take 
another length, enough to reach from 
one wrist to the other on the figure 
with outstretched arms. Bind this 
across the top of. the shoulder, sever- 
ing it in the middle and binding the 
ends to the upright piece of tubing, 
allowing the arms to fall downwards. 
Take the wooden splinters, and make 
two small crosses, or “ butterflies,” 
by crossing one upon the other, and 
binding with string. These should 
hang by the string from the 
\ shoulder-piece, one on either side 
A of the backbone, and they should 
hang about the middle of the 
\ thorax, to support that mass ( 22j. 
^ The Scale. At the left-hand 
bottom comer of the board [23] 
take a point A and draw from 
it a straight line, horizontally — to the right. 
With the callipers take half the total height 
of the model, and, with A as centre, draw an 
arc from B. Take half the height of your 
figure, and, with B as centre, measure it off upon 
the arc, intersecting it at C. Now draw a 
straight line from A through C, and the scale is 
ready. When taking measurements, strike off 
the measurement of the model in the same 
manner as the arc BC was described, taking 
always A as centre. The corresponding measure- 
ment for the figure will be from the point of 
intersection on the line AB to the intersection 
on the line AC. 

Now pose the model, and, with a piece of 
chalk, trace the outlines of the feet upon the 
rostrum, so that the position of the legs may be 
taken again without trouble. 

Before putting any clay on the armature, 
give the tubing the same pose as the model, 
slightly exaggerating the action, and using 
the plumb-line to iissist in keeping the balance 
of the figure. For the purpose of illustration 
we will take the pose of Michael Angelo’s 
David [18]. 
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20. ARMATURE LEGS 


Aotiott ta Araiatim. 

Burt beDil ii» mmtifst ik> m to get 
the aoticii ot the hipe in contrast to 
the tdionldets* and note that the stand- 
ing leg (beuring the weight of the 
body) pushes up the pelvis on that 
side ; the free leg, being bent, allows 
it to fall. In oontrast to this oblique 
line of the pelvis, the line of the 
shoulders is thrust in the opposite 
direction by the trunk being thrown 
over, so that the weight is 
balanced over the standing 
leg. Thus, the pelvis falls 
downward from the stand- 
ing leg, and the shoulders 
are thro\^Ti over to counter- 
balance this. 

Place a lump of clay on 
the piping where the pit 
of the neck will probably 
come, and mark this point by pushing in a 
wooden match. After bending the torso and 
getting the line of the shoulders, compare 
with the plumb-line the relative positions of 
the suprasternal notch with the internal 
malleolus of the standing leg. In the pose of 
David this hne, droppcjd from the j)it of the 
neck, strikes inside the malleolus — in fact, it 
divides the ankle. Bend the tul>« of the leg 
so that it will come down the middle of tlie 
limb, then bend out the piping of the free leg, 
giving the necessary curves to secure the pose, 
and following, as nearly as possible, the shape 
of the bon^s. 

Take now the side view, and again use the 
plumb-line. Hold it so that it comes through 
the middle of the neck, and notice 
how it falls in relation to the external 
malleolus of the standing leg. The 
line of the back should be bent to 
coincide with the line of the spine, 
but a fair margin should be allowed 
for the clay. Block in the general 
form of the trunk, keeping the clay 
mass very much smaller than the 21 
proportions intended to be given to 
the figure. Cover the legs slightly with clay, and 
after bending the tubes of the arms cover them 
also with a thick coating of clay. Upon this 
foundation one will be able to mark the principal 
lines and measurements, the latter being fixed 
by means of matches. 


legt A meoe of wood, to give a firm point 
froni wnleh to take the first meaenrement. 

tVoin tihe suprasternal notch, draw the centre 
line. Trace it through the centre of the figure, 
down the sternum and linea alba, through the 
navel, and from there downwai^, fc^owing 
the general internal line of the standing 1^ 
to the malleolus. Mark the centre of the 
hips and shoulders by drawing a line across 
them. Then turn to the back, and from the 
centre of the neck, at the point judged to 
locate the seventh cervical vertebra, 
draw the central line, following the 
vertebral column down to its base, 
and then through the general con- 
tour of the standing leg. Again 
mark the angles by the oblique pelvis 
and the shoulders, and indicate the 
oblique line of the fold of the 
buttocks. 

Meaaurementa. 1. Take the 
first measurement from the plinth, just 
under the arch of the standing leg, to 
the top of the patella. 

2. Measure from the tof) of the 
patella to the anterior HUj:)erior process 
of the ilium of the standing leg. Use 
the plumb-line to find exactly to what 
extont the iliac process deviates from 
the perpendicular line drawn from the 
centre of the patella. Make this obser- 
vation very carefully, and do not mark 
the point measured, until it has been 
considered from the side, and having 
plumbed a pc^rpcndicular cutting the 
patella from the profile, note the extent 
to which the iliac proccjss is in advance 


ARMATURE WITH SHOULDERS 


23. SCALE 

Now make the plinth of clay, which should be 
3 in. deep. This will afford sufficient room to 
increase the length of the lower limbs, if neces- 
sary, without altering the work bestowed upon 
the upper portion. Place upon this, flush with 
the clay, and against the ineide of the standing 


of the pa- 
tella. 

3. Mea- 
sure the 
distance 
across from 
one iliac 
process to 
the other, 
('are must 
be taken to 
deter- 
mine the 
angle of 
this line. 
To do this, 
hold a 
straigh t - 
edge up to 
the anterior 
s u per ior 



armature complete 
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24 . PBOPOBTIONS OF THE HUMAN FBAME : BONES. [See opposite page] 



AWT 


process of Uie standing leg, and, keeping it 
perfectly horizontal, note how the iliac process 
of the leg cbrops from this line. 

4. Take the distance from the iliac process 
of the free leg to the top of the patella of the 
same leg. 

5. From this point measure to the heel. The 
heel measurement may, like some of the oth )rs, 
be somewhat vague, therefore mark the point 
measured by a small spot of ink. This may be 
done when measuring points not marked by bone- 
form, such as the round, fleshy pad of the heel. 

6. Measure from the anterior superior iliac pro- 
cess of the standing leg to the suprasternal notch. 

7. Measure from the suprasternal notch to 
the ear — t.c., the notch between the tragus and 
anti tragus. 

8. Standing at the side, measure between the 
anterior superior and posterior superior iliac 
processes on the side t/f the free leg. Again use 
the straight-edge, and, holding it horizontally, 
so that it outs through the anterior process, 
note very carefully how much the posterior 
process comes above this line. 


24. Proportions of the Human Frame : Bones 

I8ee opposite page] 

1 Skull 

22. 

Coccyx, iiiaile up of 4 or 

2. Broast-lioiie 


eeguieiiU 

U. VerUfbnU ohIuuiii 

23. 

Tereite 

4 . Thorax 

21 

MetatarauH 

6. Collar-bon# (elarlolel 

2ft. Flialaiigea 

6. Shoulder-blade (acapula) 

•M. 

On caloU or heel-bone 

7 Huinerus 

27. AatragaluH 

n. Kadlua 

28. 

lliai' portion of oe tnnoiai- 

». Ulna 


natuui 

iO Wrlti-lMitiM (carpoit) 

29. 

Putiic portion of oa tiiiioini- 

11 MetacarpuH 


iiatuui 

12. Fliiger-ltuiiefl (phalangen) 


Puliio syuiphyais 

13. The hauiich-l>oue (o» hinotni- 

;!i. 

Head of femur 

iiatiunl 

:u 

Kroiital htmea 

14. Thi|;h-b«iue ifeuiur) 

:ci. 

Parietal ImueH 

1ft Ku«e-pau (patellal 

:$l. 

Temporal Itonea 

IS. Outer iKMie of leg (fibula) 

:i6. 

Naaal boiien 

17. Itiiier lioue of leg (tibia) 

•W. 

Upper ]aw-tMiiicH 

W. Cervical vertebroB. 7 in iiuiuiier 

:7 

Maiar or cheek -iNinea 

19. Ponal nr thoracic vertebree. 1 < 

•'8 

Maadibie or lower jaw 

ill tiujiiber 

:(9. 

Oeolpital bone 

‘iO. Lumbar vertebra, ft In 

40. 

Mimtoid proueca of temporal 

iiuuilier 


bone 

121. Bauntiii, foniied by fuaion of ft 

41. Acnuuiuii nniceiMof auapula 

aeguieiita 

42 

Coracoid prooeaa of acapnia | 


9. Measure the distance from the supra- 
sternal notch to the seventh cervical vertebra. 
Use the straight-edge to determine how much 
higher this is than the top of the sternum. 

10. Measure the distance between the pos- 
terior superior iliac processes. When doing so 
great care should be taken in observing, by the 
aid of a horizontal line, how much higher the 
process on the side of the standing leg is than 
the process on the side of the free leg. 

1 1 . Measure with the utmost care between the 
anterior and posterior superior processes on the 
side of the free leg. If any discrepancy is 
noticed, take all these pelvic measurements 
again. 

12. Take careful measurement between the 
posterior superior process of the ilium of the 
standing leg and the seventh cervical vertebra. 

13. Take careful note of the length of the 
clavicle, measuring from suprasternal notch 
to the acromion process, on both shoulders. 

14. The next measurement should be taken 
from the acromion process to the head of the 
ulna on both arms. 

15. From the head of the ulna find the 
diatanoe to the first articulation of the middle 


fingers. Mark all these points by wooden 
matches. These measured points, as the student 
works, should be carefully checked, as they are 
liable to be displaced by the putting on of t^e 
clay. 

Putting on the Clay. In putting on the 
clay, the student should start by laying in the 
bone masses. The thorax should come first, and, 
whatever the pose, it should be equally divided 
by the vertebral column, so that the mass of the 
thorax will be equal on both sides. Keep the 
muscle masses rather under than full size, to 
prevent obliterating the drawing. Put on the 
clay in strips and lumps, following the direction 
and movement of the muscles that are being 
indicated. Alw'ays leave the bone surfaces, 
which have been marked with matches, bare, 
but the matches should, of course, be pushed 
in so that the ends represent the point on the 
surface from which the measurements have 
been taken. 

The student should always have before him 
the shapes of the bones over which the muscles 
are laid. Draw the shape of the thorax carefully 
from the sides and back as well as from the 
front. To do this one must have a thorough 
knowledge of anatomy jsee Phy8I()Ix:)OY, pp. 97-- 
101, 190-198], or it will be impossible to inter- 
pret the forms which, given this knowledge, 
will reveal the shape of the underlying con- 
struction. The bone surfaces are most im- 
portant, as they form, as a rule, the great points 
of rest between large masses of muscle, and give 
the trunk and limbs their characteristic contour. 
Observe, for instance, the important part which 
the humerus and the ulna play in determining 
the shape of the arm [26], and note the extent to 
which the femur and the tibia decide the 
character of the leg [27]. Again, examine the 
pelvic girdle and see how the iliac crests influence 
the shape of that region. If one looks at the 
shoulder girdle from above, it will be seen at 
once how the clavicles sweep in a convex line 
backward and outward, and take a concave 
line before they reach their articulation with 
the acromion. This line plays an important 
part in determining the shape of the great 
pectoral mass below it, and forms the point of 
rest between this mass and the muscles of the 
neck and shoulders. It is utterly useless to 
rely upon measurements between points which 
are not absolutely fixed. The student should 
depend upon his eye in such cases. Measure- 
ments cannot determine the pose, but they are 
used to ensure accuracy of construction. 

Anatomical Models. It will be a 
valuable help to the study of muscle forms if 
the student provide himself with an anatomical 
figure. He will then more easily understand 
the modifications of the surface forms and trace 
their origin. These figures will not, of course, 
explain all the subtle movements of the surface 
form, but by reference to them the student will 
be reminded of the muscular and bony forms 
which underlie the surface, and which, when 
called into action, modify its contour [24 and 26]. 

It is desirable to lay in the whole figure 
together, blocking in the extremities with the 
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rest of the figure*. Having arrived at the anus 
and liauds, tlu* armature for the fingers should 
he made, for whieh pur|Kise thin wire is best— 
eopfierfor preference. Take five lengths 
of about .") in. each, and, having bound 
them si'curely together at one end, 
insert this end into the compo tulie 
at the wrist, pushing it up, and 
then pinching the tubing with pliers, 
so that a good hold is obtained. 

The wire is then cut to the re- 
quired lengths to support the fingers, 
and is easily bent to the required 
form. 

In modelling the figure in the round, 
the success of the study depends to a 
great extent on the groundwork. It 
is necessary, therefore, that the utmost 



INFLUENCE OP 


In modelling there is a prineiple whieh is to 
Ik* found in the works of most great masters, 
'fhis is the observance of what are called 
“ ]xiints of rest. 'fhesi* occur, as a rule, 
het\\een the large masses, to whieh they add 
life and springiness. It is almost impossible to 
find in the human figure two great masses 
meeting abruptly and forming an angle. There 
is generally this dividing point of rest. Take, 
as an illustration, the section through the chest 
at the level of the nipples. The two great 
forms of the ^ctorals do not meet 
abruptlv, but are separated by the 
point of rest made by the flat form of 
the sternum. The TOints of division 
between the pectorals and the deltoid 
are also provided with these important 
rests. And, again, the two great 


ARM SHOWING 


care be taken in placing the large jj^mkrus and ulna naasse® of muscles overlying the scapulw 


masses and observing their relative 
positions. The figure should be constantly 
turned, so that theso masses may be observed 
in profile and their projection and outline 
studied with due regara to the general lines of 
the whole figure. Compare the lines made by 
the chest, abdomen, and standing leg and the 
general line of the neck and back. Note 
also, from the profile, how the line of the 
back, from the neck do'WTiwards, is trace- 
able across the figure, following the iliac 
crest and down the front of the thigh of 
the standing leg. Compare the line of the 
chest and abdomen with the general posterior 
line of the leg from the knee downwards. These 
few suggestions will help the student to find 
many other points of comparison for himself. 


j CF THE HCMAN FRAME: MTSCLES 

lSo«‘ paKCl 

The iwiuif mikI mniienvlM do dut> in all (liftiri*** 


A On ipito friiiitdlii* 
ii >‘>raiiii(laliH iiMHi 
«' ('oiiipnjMHor iiariH 
I» levator lahii a'; 

iiaal 

P Oriiii iilai IH palpfVn ' 

F I.«-\at<ir lai)ii MUp rlorlf 
O Lt'vator HiiK’ili oi I 

H ZytroiiiMlic'UN iniiioi 

1 F.ygoiiiatifMd iiiajoi 
.1 Teiiip(,ral faiujfa 
K AitraiH-iis aiirin 
L Atto!«'iin ailHw 
M RetraiH-iiH am Im 
N oriiic-ulariH oriH 
o Kiiwiriun 
I* Matuw'tcr 

DfprfHHor ariifiili ori). 

R Ltfprwmor laliii iitffriorls 
H Levator iiieittl 
T Htenio-Oeido-UiaaLdUeiu) 
U. Ounxhvolil 
» Kcaieiie 

W Iu.*vttt(»r augult acapuli 
X Spleiiimi 
Y Thyro-hyoid 
Z Htemo-liyoid 
Z'. Ftatywiia 
1 IVdtoid 
'J. Fectonulid major 
HMctUH ahdominia 
4 SMTatm* iuain>UM 
A Obliquni, exteniua 

6 TrapeaiuK 

7 LatlMimua dortii 

8. Infra apiiiAina 

9. Turn minor 
P» Terea major 
11 Bhoinboideu* 

Blo«p« 

IS. Brachi 
14. Trle«pa 
IB. Coraco brachlalia 
1ft. Supinator lougiu 
17. Prouator nwlii teres 


IM Aln'oneUH 

lit Flexor <ar|>i ja<lialiH 

*i<i Faliiiarlx lontrm* 

'Jl. Flexor Multlliiiix dlKitotiiiii 
liJ Flexoi ijvrpl uliiarix 
Extensor iiiitilnil dlKit I 
‘2.1’, Ex ear|ii nlnarix 
24 Ex carpi radinlis limirior 
“24' Ex carjil ru<liallx brev lor 
•25 Ex ox'iH inetacarpl |M>lliciK 
'2»i Ex priinl liiteri»o<lii pollii lx 
“27 Ex xecmidi intermalil I» 

'J*i Anterior atinnlar liitaiiieiit 
'211 Falinar fwi ia 
.‘10 0]ipoiieiiH jMdlieiH 
111 AlHiii.toi 

Ifti Alidni-tor ininiiiii dijiHi 
.'III PaluiHi ix bievU 
'14 FoMt.annnlar liKaiiieiit 
S.5 Martoriim 
IW Kei’tiin feitnoix 
l'7 iiitemiiM 

HH Vastiis ex tern tin 
:w (iracills 

40 . Teiisfir valine (einorU 

41. Adductor nnmiiiis 
42 Adduemr lon((nx 
4H Pwrtiueiu* 

44. Pmiu 
45 Biceps 
4ft. Semi t4<n(li nosin' 

47 Seiiii-inembratiosus 

48. lllnteus max 

40 (ilutens niedlos 

fiO Tibialis antiens 

BI Extensor lon^s ditfitnrum 

S2. Extensor pruprj IIS )s>l I icis 

M. Peroiiens tertiris 

B4. Peroneiis lonjrus 

6B. Peroneus brevis 

M. Oastrocnemins 

87 Psoas 

B8. Annular Hframent 

80. Tetuiu Arbillis 

ftO. Flexor longus digitorutn 


arc divided by a point of rest at the 
vertebral column. If the student 
searches diligently for these, and 
observes them in his work, he will 
avoid a lumpy and dead appearance 
<»f the figure, which can only be 
escaped by following this principle. 

The modelled figure shoula be 
occasionally anatomised. This is 
done by drawing upon the finished 
study, with the help of anatomical 
plates, the superficial muscles, bones, 
and facm\ removing, so to speak, 
the skin and the subcutaneous 
fat. The muscles should bo 
traced and modelled witJi defi- 
nition. Knowledge thus acquired 
is more practical and explanatory 
than anatomy loarnc^d solely from 
books. 

Proportion. It is not advisable, 
as a rule, to apply any canons of 
proportion to the modelling of the 
figure from life. By the adoption of 
LK(J SHOWING rules it is difficult to obtain 
INFLUENCE those individual characteristics 
OF FEMUR which distinguish interesting por- 
traiture from the dull and common- 
place. More importance should lie given to 
the accurate measurements of each individual 
model. For the purpose of working from 
memory, however, the following table, com- 
piled by Prof. l..iant(^ri, will b<^ found useful and 
reliable ; 

From the plinth to the top of the patella j 
From the centre of patella to iliac process / , ^ 
From the pubic line to the top of sternum } 

These three proportions are generally equal. 

The arm is three heads in length from the 
acromion to the first articulation of the index 
finger. 

From the acromion to the head of ulna one 
head and a half. 

From the head of the julna to the first articula- 
tion of the index finger one head and a half. 

In these measurements the minimum of 
variation will be observed. 



Continued 
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EARTHQUAKE INFLUENCES 

How Volcttoic Influences have Modified lumd Formation and 
Sea-level. Subterranean Water. The Making of Coal 


By W. E. GARRETT FISHER 


EmrthquaKea and the Strata. The 

geological effects of earthquakes are chiefly of 
importance beneath the surface of the earth's 
crust. Th^ give rise to those great breaks of 
continuity m the stratification of rocks which 
are known as lauUs [42]. and which wo shall 
consider in a later chapU^r. A fault is a dis- 
location in the rooks where the strata on one side 
have bf^en suddenly raised to a higher level than 
those on the other, and. consequently, they do 
not appear to l>e continued in their true order. 
A seam of coal may thus appear to come to a 
sudden end, although, as a matter of fact, it can 
l>e found again by risinff to a higher or descend- 
ing to a lower level on the other side of the fault. 
The exist -noe of dislocations of this nature 
probably indicates that a more or less destructive 
earthquake once took place at a moment when 
the rocks could no longer resist the pressure 
brought upon them by the upper strata, and 
gave way. Sometimes, also, an earthquake 
gives rise to a permammt change of level in the 
surface of the coimtiy ; this is especially of 
importance near the sea-coast. By very severe 
earthquakes it occasionally happens that a long 
line of shore may be raised three or four feet 
above its previous level. New land is thus won 
from the sea, or, on the other hand, many 
square miles may be submei^od beneath the 
surface of the water. 

Secular Movementa. We are accus- 
tomed to think that an alteration in the level 
of the land is always due to some violent 
agency like that of an earthquake. But 
although such sudden changes are more pictu- 
resque and striking 
than those which go 3Hr/a <e 

on silently and almost 


impercepti bly 
throughout the ages, 
it is to tlie latter uiat 
the changes in the con- 
formation of the 
earth's surface are 
mainly due. The ut- 
most that an earth- 
quake can accomplish 
is to open a chasm in 
the ground, such as 
that which was filled 


42. FAULT. OR DlSLOCAllON 


up by the fabled devotion of the Roman hero, or 
that which more authentic histoiy tells us to 
have been caused by the earthquake in the Neo 
Valley, in Japan, in 1891. But the silent forces 
which are ever at work, raising the sea-bed here, 
and lowenng a whole continent there, are of far 
greater importance to the student of geology. 
If it were not fm* them, indeed, the whole surface 
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of the earth would ultimately become a dead 
level, and perhaps be sunk beneath an inunda- 
tion. in comparison with which that which Noah 
survived was a deluge of inconsiderable ma^i- 
tude. The denuding forces which, as we shall 
see in the next s3ction, are constantly at work 
planing down and polishing off the surfaces of 
the land would in the long course of geological 
time, infallibly produce this result were they not 
counteracted by the slow movements of upheaval 
and subsidence. 

Upheaval and Subsidence. There 
are countless evidences on every hand to show 
that an actual rise and fall of the earth’s surface 
does take place. We think commonly of the sea 
as fluctuating, rising and falling, overflowing the 
land, and again returning and leaving its beaches 
high and diy. But the truth is that the sea, 
though unstable as water, is really a permanent 
and unchanging thing in comparison to the solid 
land. Looking at the history of the world with 
the trained eyes of the geologist, which arc able 
to peer through the backward ages and read the 
story written on the rocks, we may indeed say 
with the great poet of our own day : 

There rolls the deep v^rhere stood the tree ; 

O Earth, what changes hast thou seen ! 
There where the long street roars hath been 

The stillness of the central sea. 

The hills are shadows, and they flow 

From form to form, and nothing stands ; 
They melt like mists, the solid lands ; 

Like clouds they shape themselves and go. 

In these beautiful lines Tennyson has expressed 
a far-reaching geological fact. The sea and land 
have changed places 
again and again in the 
history of the earth. 

When w^e speak of 
the secular rise and fall 
of the sea, as dis- 
tinguished from the 
periodical tidal 
changes, what we 
really mean is that 
not the sea but the 

land itself has sunk 

below or risen above 
its average level. There 
are two ways, and 
only tw'o, in which the permanent level of 
the sea may be changed — ^mr an actual dimi- 
nution of the actual bulk of its waters is not 
known to have occurred within historical times, 
and its probability may be left out of account. 
The land vdiioh TOrders the sea may be slowly 
raised, ^us bringing more and^more of 
sloping beach out of the water ; or tiie sea-bed 
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may sink, which obviously 
has the same effect, in caus- 
ing the sea to retreat from 
the land. On the other 
hand, if the dry land sub- 
sides, or if the sea-bed is 
raised, it is clear that in 
either case the result will 
be the same — an apparent 
rise in the level of the sea. 

Changes in the Sea- 
level. There is visible 
to the most casual observer 
a great deal of evidence 
that the level of the sea has 
thus been actually changed 
during comparatively recent 
times. In the first plac^ we 
have the fact that the 
remains of organisms w'hich 
can only live in sea-water 
are found as fossils in rocks 
which are at present high 
above the level of the sea. 

Thus in Cuba a coral reef 
ha^^ been found at a height 
of more than 1,000 ft. 
above the sea-level, w^hich 
clearly shows that the land has there been 
elevated to at least that extent. A very 
striking instance is afforded by the pillars 
of a Roman temple in the Bay of Naples. 
When these pillars were erected, 2,00^ear8 ago, 
they stood, of course, on dry land. Tney stand 
on dry land now, but they are traversed by holes 
which were evidently burrowed by marine 
creatures at a time wmen they were covered by 
the sea to a depth of at least 20 ft. Thus it 
is evident that since the beginning of the 
Christian era the land at that particular spot 


has first sunk and then risen several yards. 

Puxxling FossiU. One of the pr blems 
which did most to perplex the early geologists 
was the occurrence of shells at eensideralile 
heights above the sea-level. TTie most grotesque 
hypotheses were put forward to account for this. 
Some held that the shells had been deposit^ 
there by pilgrims who usei to wear scallop shells 
in honour of the saints whom they visited ; others 
held that these shells represented the haunts of 
the primeval oyster-eater ; others took refuge 
in the supposition that the shells were not reaUy 
shells at all, but were Itisue 
ruUurap, or freaks with which 
Nature amused herself by 
imitating the products of 
the sea. We know now that 
wherever we find fossils of 
this kind they are simply a 
proof that the rock in 
which they occur at one 
time formed f art of an 
ancient sea-bed. 

Raised Beaches. 
Another very interesting 
proof of the gradual eleva- 
tion of the land is given by 
what are known as raised 
beaches. The sea-beach, or 
the space between the ex- 
tremes of high and low' 
water, is a very familiar and 
recognisable structure. It 
consists, as a rule, of sand, 
or gravel, with which are 
mingled shells and other 
remains of marine organ- 
isms. In many parts of the 
country these unmistakable 
platforms are nowadays 
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found raised high above the level of the aea. 
In many parta of Scotland^ and on both sides 
of the JEnglish Channel, these raised l>eaches 
are to be seen. Alten Fjord, in Norway, is 
surrounded by a series of raised beaches— 
four or five terraces divided by intervals of many 
feet, which mark successive levels of the sea 
during quiescent intervals in the motion of the 
land, which, on the whole, has l>ecn steadily rising. 

The so-callt^ parallel roads of Glen Roy [48 
and ♦ 4 ] are similar lacustrine l>eacheH, which, 
however, owe their existence to an actual sub- 
sidence of the waters which formed them. As 
one gazes southward from the top of Reigate 
Hill over the district known as the Weald, i 
is easy to suppose that one is looking from the 
top of an ancient sea cliff across what was 
formerly an arm of the English Channel, but 
which the ^adual rising of the land has claimed 
for the wo^ of human cultivation. 

Where the Land has Sunk. Proofs 
that the land has sunk in some places as well as 
risen in others are not wanting. We do not 


to the level of the sea. Some doubt has been 
thrown upon the universally satisfactory character 
of this explanation, which we owe to Charles 
Darwin ; but it is practically certain that, in some 
cases, at least, the existence of coral reefs rising 
as 8he<*r pinnacrles out of the deep water of the 
Pac'ific can only Ik* explained by the gradual 
subsidence of the sea bottom. 

Living Proofs of Land Movements. 
Other proofs of the gradual subsidence of the 
land are derived from the distribution of living 
plants and animals. Thus, it is fairly obvious 
that our own island must at one time have been 
joined by a strip of land to the continent of 
Europe, since no particular difference is found 
in either flora or fauna as we cross the (Channel, 
which, indt^ed, is only of geologically modem 
origin. Its existence is solely due to the sinking 
of the land and the consequent invasion of the 
Htm. Again, the Norwegian fjords and many 
of the Scottish and Irish Sea lochs present all 
the characteristics of river valleys, or glens, 
which the sea only entered long after they had 
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refer to the mere eat ing aw ay of the land margins 
by the sea, such as is consUintly occurring on the 
east coast of this country — this is due to erosion 
simply, and is dealt with in a subsequent 
chapter — but there are many places in w’hich 
the remains of primeval fon^sts are found sub- 
merged beneath the sea. The, existeneo of 
submarine eoal-mines, such ns arc found off the 
east coast of Scotland, w’here the workings fn*- 
quently extend far out lauieath the sea, shows 
that the w’aters now roll over s|K)ts which were 
long ago covered with tem'strial vegetation. 

Not infreq\iently. in horing througli the crust 
of the earth, the remains of ancient forests are 
found, overlaid w itii deposits of sand and mud, 
and mingled with the fossil remains of marine 
organisms which were evidently deposited hy 
the sea. In making a new' dock at Barry, on the 
Bristol ('hannel, clear proof w as shown that the 
sea-level there hod risen, or. in other words, the 
land hod sunk, by mon* than .50 ft. The exist- 
ence of coral reeis |hw page .558] is asserted to 
afford another proof of the gradual subaidenct* 
of the land. The reef-building eoral cannot live 
at a greater depth than about 160 ft. Yet in 
many eases the reefs which they build art' found 
to rise out of water veiy’ u ueb deeper than they 
eould possibly inliabit. so far as we know*. Tli'e 
obvious expiration of this fact is that the reef 
builders began tlieir work when the depth of 
water at this spot w'as not greater tlian 150 ft. 
As they build upw'ards tow'ards the surface, the 
sea-bea which served them as a base is supposed 
to be slowly subsiding, 8b that their unwearied 
labour is devoted to keeping their reef built up 
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been carved out by the running streams. In 
other words, the coast -lines on which such fjords 
and lochs (x*cur have subsided since their forma- 
tion. In many eases, also, the history of mankind, 
bri(d and almost evanescent though it is in com- 
parison with the awful length of the great geo- 
logical record, affords proof of the subsidence of 
coast -lines. On the coast of Sweden. Dalmatia, 
and Japan — indet'd, on almost all civilised 
shores— ancient buildings are now found below 
high-water mark. 

Unconformities. In not a few instances 
the study of the layers, or UhIs, in w'hicli the 
stratitietl n)ekH are arranged shows that eleva- 
tion or subsidence of the land has taken place. 
We And. for ('xample, that ancient Inids, laid 
dow'n by deposit from the sea in roughly hori- 
zontal planes, have thereafter lieen folded or con- 
torteti by movement.s of the crust [ 46 ], w'hich w'ill 
l>e explained later. In later agt*s, these folds, or 
contortions, have again been worn down by the 
erosion due to terrestrial agencies, until a com- 
jMiiatively flat surface has l>een left, and upon 
this flat surface fresh marine deposits have again 
lieen laid in horizontal planes, beneath w’hich the 
older strata are found lying at many different 
angles. Where this phenomenon occurs it Is 
knowm as an unconformitif, and its existence 
invariably shows that the land has once formed 
part of an ancient sea bottom, has then been 
raised above the sea-level, and subjected to 
atmospherical and similar agencies of denuda- 
tion, and has then once more been submerged 
beneath the sea and covered by the deposit of 
fresh layers. 


QBOLOQY 


Cause of Secular Earth Movements. 

Having convinced ourselves that the land 
does actually rise and fall through long ages, 
it remains to inquire why this should l>e the case. 
A little thought will enable us to reach a plausible 
answer, which has the further merit of being 
exactly true. If the earth were a solid body 
throughout, and uniform in temperature, there 
would l)e no reason why any part of its surface 
should change its position with regard to the 
rest. The agencies of denudation would lie 
allowed to work their w'a> with unchecked 
dominion, and the w hole earth would ultimately 
l>e reduced to one dead level, which the w’aters 
of the ocean would cover to a depth which was 
practically the same throughout. But, for- 
tunately for us, the earth is still alive. The fiery 
legacy of the nebula from which it was cooled is 
still potent to }>re8crvc it from this threaUming 
fate. The earth is still cooling, and in accord- 
ance with the law’ which affects practically all 
cooling bodies, as it loses heat it shrinks or 
contracts. But the rate of this contraction is 
not uniform. The outer layers of the crust 
remain, and have long remained, at a constant 
temperature ; eonscciuently. it is the inner por- 
tion, or heated nucleus, of the earth wdiich 
continues to shrink, while the solid crust remains 
firm. 

The Earth in WrinKlea. The result 
of this process is exactly the same as that whu h 
produces wrinkles on the skin of a wither(‘d ajuile 
[46] or on the fac<' of an elderly woman. The 
central substance, as it shrinks, leav(*s the rind, 
or skin, or crust behind, and tlu' lattcT, which 
sooner or later lacks tlie strength to hold its 
early form, is obliged to adapt itself to circum- 
stances. This it do(‘s in the case of the human 
face or the apph* by wrinkling into folds; and 
exactly the same thing takes place in the 
crust of the 
<arth. The 
III o u n t a i n 
chains and 
valleys, 
which form 
a prominent 
feature of the 
earth's sur- 
face, w ere all 
caused in t he 
first instance 
by the grad 
ual folding 
of the earth s 
crust as it 
settled dow'u 
upon the 
shrinking core. This pro(a‘ss is still going 
forward, though, of course, at a much slower 
pace, and with much loss marked effects 
than in the early days of the earth when the 
Alps and Andes and Himalayas were formed. 
It is this process of crumpling, or folding, in the 
earth's crust which is able to account for the 
greater part of the upheavals and subsidences 
which the surface of the earth is known to have 
undergone It might seem that the contraction 
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of the earth is only competent to account for 
subsidence ; but a moment's thought w'Ul show 
that such a process of wi inkling, or distortion, as 
we have descrilKKl w'ill give rise to subsidence 
in one place, and to upheaval in anothru . 

Further, other and secondary causes, clo,>ely 
allied to the secular cooling of the earth, have 
l>een invoked to account for the local rising or 
falling of the land. If, for int tance, a portion 
of the underlying crust be exceptionally heated 

by the intru- 
sion of molten 
rock from 
V ^ Ji, l>elow’. as no 

doubt hap- 
j ^ r- pens at the 
' birth of a new 
• volcano, it is 

reasonable to 
suppose that 
the explosion 
due to this 
heating may 

' > elevate a 

. . consideraVile 

liact of land 

46. APPLE WRINKLED BY Oil tllC HUr- 

W’lTHERINO fact‘. t\m* 

vtTsely, the 

contraction of a subterranean lake of molten 
lava, os it cools and hardens, may cause the 
ground immediately above it to subside - much 
an on a smalliT scale we know that the ground 
often subsides over the working of mines, or the 
hollow' strata from which salt has luMm pumped 
out in the form of brine. We ar(‘ still very far 
from forming a clear and perfectly scientiffc idea 
of what actually gots on in the low(*r regions of 
the earth's crust. But there can 1 m‘ very little 
doubt that the secular movements of the earth’s 
crust, whether of elevation or of subsidence, are 
intimately connected with the cooling and con- 
sequent shrinkage of the earth's heated interior. 

Chemical Action Underground. The 
last form of hypogene action w'hieh we have 
to eonsidcT is that, which brings about actual 
changtH in the character or composition of the 
rocks in the great suht.<'rrancan laljoratc/ry where 
they were originally formed. The effects thus 
produced an* mainly dm* to one or more* of thret^ 
<*auH( s heat, jircHsure, and solution. As a rule, 
imu’c than one of thisf* (*auseH op(*rates at the. 
s ime lime. rock may la* influenced by h<*at 
and pnKuin* and tin* action of water all at the 
fvime time, fir by any tw’o of them. Thus, it 
may la* pointed (»ut that maible, which is a 
er\’HtaHine lim(*Ktom*, is due to the heating of the 
ordinary calcareous nnks under pressure. If 
limestone he fienudy heat(*d on the surface of the 
earth, we know that we shall sueeecal only in 
driving off its carbonic a(;id gas, and leaving 
quicklime ; but exjieriraent has shown that if it 
be heated under great pressure, the limestone, 
instead of losing its carbonic acid gas, actually 
melts, and if it be allowed to cool slowly, it 
crystallises into marble. Under the pressure 
of strata, many thousands of feet in thick- 
ne.sa, it in easy to see that the high temperatures 
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existiog At §ttch depUui b§ thene nmy have 
turned limeetone into the existing deposits of 
marble. Again, the heat of the lower regions 
of the crust, or of vast intrusive masses of lava 
welUng up towards the surface, may exercise a 
baking and hardening oflEect upon the sediment- 
ary rook with which thev come in contact. 

Subterranwnii Water. The solvent 
power of water upon rocks is accordingly in- 
creased when the water is heated or contains 
various chemical agents, as is undoubtedly the 
case in the lower regions of the earth's crust. 
Thus, in certain cases great changes are produced 
in the structure of rocks by the removal of some 
of their original constituents, through solution 
in water, ^ich carries them away, or by the 
deposit of other substances which the water had 
dissolved and brought from another part of the 
crust, or by an actual chemical change in the 
minerals com|K)Bing these rocks. The remark- 
able snake-like rock known as serpentine has thus 
been produced from the original olivine. Lime- 
stone, which is very soluble in water, especially 
in the presence of carl>onic acid gas, is often 
found to have been replaced entirely by another 
mineral, such as silica, which betrays its origin 
by assuming the typical crystalline form of the 
original rock, like what in popular language is 
called a petrification. 

Effects of Underground Preeeure. 

The effect of the pressure of overlying 
strata upon rocks at great depths beneath the 
crust may he very considerable. It may 
roughly tie oonsidert^d that the pressure thus 
exortea upon a rook is about 1 ton to the square 
inch for evoiy 1,500 feet of superincumlient 
strata. It is difficult to realise what far-reaching 
and tremendous effects such a pn^ssure as exists 
at a depth of 100 miles must have ujion tho 
rooks, ^rhe strata at these depths are ruptured 
and dislocated, or consolidated into extra- 
ordinarily compact masses. The effe<*t of pres- 
sure which we have specially to notice here is 
to produce the phenomena known as cleavage. 
It has been found by experiment that such a 
substance as beeswax, W'hen subjected to a 
severe pressure, develops cleavage planes,” 
along wnich it can readily bo split into a scries 
of thin plates. Many rooks are found to have 
develop^ similar cleavage pianos under the 
severe pressure which they have undergone at a 


depth of some miles beneath the surface of the 
earth. Slates, which owe their oommeroial 
value to the readiness with which they can be 
split into thin plates along their cl^yage planes 
[4T], afford an excellent instance. OriginaDy, they 
consisted of hardened clay, which no doubt 
presented the ordinary strata, or bedding planes, 
which characterise all sedimentary rocks. The 
cleavage planes which have been induced by 
pressure have superseded these planes in the 
altered strata, and, as a rule, run in quite a 
different direction from them, showing that 
they have been produced by piwsure acting at 
the ends of the planes of stratification and at 
right angles to them. The phenomena of 
cleavage are largely due to a molecular rearrange- 
ment of the minute particles of the rock, which all 
tend to turn their longer axes perpendicular to the 
direction of pressure, much as may be observed 
with dates or raisins which have been pressed 
into a solid lump. The fossils which are some- 
times found in rocks which have undergone 
cleavage confirm this view by showing that they 
have been greatly distorted from their original 
shape. 

MaKing of Coal. One of the most im- 
portant processes carried out in the great sub- 
terranean laboratory, from a human point of 
view, is the conversion of vegetable substance 
into coal. This takes place, as a rule, when the 
vegetable substance is exposed to the action of 
water at a temperature and under a pressure 
considerably greater than those which obtain 
at the surface. Under these conditions, the gases 
are gradually driven off from the vegetable 
matter, and the proportion of carbon thus 
increases until, after passing through the various 
stages of peat, lignite, and bituminous coal, it 
ultimately reaches the condition of anthracite, 
or even of graphite, which is practically pure 
carl)on. 

It should here be added that subterranean 
water frequently contains minerals which serve 
as a cement for the loose grains of sand or gravel 
through which it percolates. Carbonate of lime, 
silica, and some iron oxides are the principal com- 
ponents of these cements, to which a large 
number of rocks of sedimentary origin now 
owe their consistency. Conglomerate, or 
pudding-stone, breccia, and various sandstones, 
afford instances of this. 
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AlterttAtlnc Currents. Electric currents 
supplied from a battery are described as con- 
tinuous currents because they flow continuously 
in one direction around the circuit. But 
there is another kind of electric current, 
which has the property that, instead of flowing, 
in one direction along the conducting wire, it is 
continually flowing backward and forward in 
rapid alternations of directions. Such currents 
might be called oscillatory or undulatory ; 
but the accepted name for them is alternating 
currents. They are much used for long-distance 
transmission work. A part of the City of London 
is supplied with electric energy from a gem^rating- 
station at Bow, five miles away. The current 
is at one instant flowing between Bow and 
London ; at the next instant it stops, and then 
reverses in its direction ; then stops, and 
reverses again, and flows in the original direction, 
and so on in rapid succession, reversing actually 
100 times a second. Two such reversals con- 
stitute one cycle, and the time occupied by 
one cycle is called one period. So that in this 
case there is a frequency of 50 cycles per second, 
or the period of the current is of a second. 
Frequencies of 100 cycks per second were 
formerly used for electric lighting, but a fre- 
quency of 50 is now preferred ; while for special 
power-plant (as at Niagara) the lower frequency 
of 25 cycles per secfond is adopted. 

Alternating Volt- p 

ago. In order to 
c^use the current to rush 
forwards and backwards 
50 times a second it is 
clear that the electromo- 
tive force which is applied 
to generate the current 
must itself be alternating 
with the same frequency 
— in each second there 
must be 100 electromo- 
tive impulses, 50 of them 
tending to drive the 
current forward, and 50 
of them tending to drive it back. How shall 
this be accomplished with so great a rapidity ? 
How can the revolutions of a steam-engine set 
up such rapid alternations ? 

Alternating Induction. On page 949, 
on the discoveries of Faradav, we described the 
inductive effect of phmging tne pole of a magnet 
into a coil of wire. H was pointed out that 
when the pole is plunged in tnere is a current 
induced in the coil, am that when the pole is 
pulled out there is a reverse current induced 
in the coil. It is clear that if we could push in 
and pull out that pole 50 times a second we 


should generate alternating currents having 
a corresponding frequency. But it is not 
necessary that the magnet-pole should enter 
the coil. As pointed out in that chapter, all 
that is necessary is that there should be relative 
movement of the conducting copper wire and 
the magnet-pole, so that the magnetic lines of 
the pole shall be “ cut ” by the copper con- 
ductors. Consider, then, how we might design 
a machine to be driven by a steam-engine that 
would give us this rapid alternating induction 
of voltage. Suppose a number of electromag- 
nets to be fixed upon the rim of a steel whed, 

with their polos 
pointing out- 
wards, as in 77, 
and so arranged 
that these poles 
shall 1)0 alter- 
nately north poles 
and south poles. 
Then let a coil (P) 
of insulated wire 
l>e wound upon a 
suitable core (built 
up of iron plates) 
and fixcnl opposite 
78. ALTERNATOR, 8-POLE onc of the magnct- 
poles. (It is as- 
8um<xl that the electromagnets tixcnl on the 
wheel can be kept magnetised, os described 
hereafter.) Then, if the magnet-wheel is 
revolved, as its poles flvpasi the fixed coil there 
will be induced in the coil a succession of 
electromotive impulses that tend to set up 
alternating currents. For while a north polo is 
coming up, the induction will act one way 
round the coil, and while the north polo is 
retreating and a south polo is coming up, the 
induction will act the other way rouna the 
circuit. 

Frequency end Number of Poles. 

Fig. 77 represents the magnet- wheel as having 
eight poles — that is, four norths and four souths. 
In one revolution it will, therefore, induce eight 
alternations or four complete cycles. If a 
frequency of 50 cycles per second is wanted, the 
wheel must be driven at a speed of 12^ revolu- 
tions per second or 750 revolutions per minute. 
If the wheel had had only four poles it 
would have needed to be driven at 1,500 
revolutions per minute to give the standard 
frequency of 50 cycles per second. If we 
were compelled to use a slow-speed steam- 
engine making only 150 revolutions per 
minute, the magnet-wheel would require 40 
poles. The following table shows the rela- 
tion. 



77. MAGNET-WHEEL, 
8-pole 
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ENCJlNE-HrEEDS FOR A pREQrKNCY OF 50 CvCLEfi 
PER SecxjND 


Xo. (.( 

* Cyrlt* per 
K«v. 

IleVR. plT 
K»*C. 

R<»v». p<T 
Aiin. 

2 

1 

50 

3.00f> 

4 

2 

25 

1,.500 

(i 

3 

lOS 

1 ,(J(K> 

8 

4 

1*4 

750 

10 

5 

10 

000 

12 

0 


500 

20 

10 

5 

300 

30 

15 

n 

2(X) 

40 

20 


150 

m 

30 


UFi 


Such high an l,fKK) revolutions per 

minute or more are suitahle only for steam-tur- 
bino driving. The frequency (/) can Iw* calculated 
from the nwolutions |M‘r minute by dividing the 
latU^r by (M) and then multiplying by the 
numlM^r of }tair8 of fM)les. Thus, a 10- jade 
machhie running at 720 revolutions p<'r minute 
will give a frequency of 00 cycles fier second. 

Armatures for Alternating Gene- 
rators. When it is desinnl to generate high 
voltages, not only must the magnet -poles be 
such as to fiirnisli an adequate flux of raog- 
net'c lines, but there must 1 m^ a sufficiently 
large nuinlKT of turns of copper wire in the 
coils that are to be acted on inductively by the 
revolving poles. In 77, only one coil is shown. 
But if, as in 78, there are providen,! as many 
coils as there are p(des, and if the coils are so 
spact^d out that at the instant when one of them 
is op}K)sit^ a fx)le all the oth(‘rs are also opposite 
the resptH'tive poles, then they will all work 
together, ami may Im' connect ( h 1 up into seru‘s 
RH one winding. Such a poup of connecttnl 
coils, together with the laminated inm cores on 
which they are wound, and the frame in which 
they are held, will be calUHl the arnmture of the 
machine. As it usually stands still, such an 
armature is also called a sintor. The coils must 
l)e so jointnl up that the currents circulate. 

Alternators. The entire miu*hine, con- 
sisting of tield magnet and armature, iscalUnl an 
nUtrmting current genaator, or alternator. We 
have seen that it may l)e regarded as evolviHl 
from Faraday’s original ap|>aratus. It is made 
in m^y sizes, from the little magneUt rin^cra 
used in telephone work for ringing the calling -up 
bells to huge generators 20 or 30 feet in diameter, 
requiring thousands of horse-iww'er to drive 
them. 

It is easy to calculate out from the constructive 
data of a mac'hine, and the speed at which it is 
driven, the voltage at which it works ; for the 
voltage it gtmerates is proportional to its speed, 
to the number of its poles, to the number of 
.coils in aeries on its armature, and to the flux of 
mapitietism in any of its poles. The formula by 
which to calculate the voltage is 

E ^ t X / X S X N + la" 

where N is the number of lines in the flux from 
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79. TWO-PHASE, “a” type, 30 -poi.e armatpre 


any one pole, S the numU'r of spirals or turns 
in series with one another in any circuit of the 
armature, / the freijutney, k a coefficient 
deptmding on the sha]X‘ of poles and d stribution 
of the windings {k is usually of the value 2 2), 
E the voltage of the alternator, and 10'' is the 
numerical factor to reduce to volts, because, 
as explain(*d on page 1324, to create one volt 
there must l>e 100.(K)0,(K)0 magnetic lints cut 
}H‘r second. 

As an example, suppose this S-pole alternator 
[78] to run at 750 revolutions {)er minute, 
and to have 30 turns on each of the eight 
armature coils, and 3A millions of lines as its 
pole-flux. As each of the eight coils has 30 turns, 
S will equal 288. If it run at 750 revolutions 
per minute, th’s is 12J revolutions per sc'cond, 
and w'ith four pairs of poles in the circumference 
the frequency will obviously be .50 cycles per 
second. Then, taking k ^ 2*2. w'C have: 

E 2*2 X ,50 X 288 ^ 3,500,000-1-100,000,000, 
or, w'orking the arithmetic, 

E - 1,10^ volts. 

Type* of Alternatoro. There are 
three leading types of alternators— namely, (A) 
small machines, having stationary field -magnets, 
nsembling the field-magnets of multipolar 
dynamos, and with revolving armatures ; (B) 
large machines, with revolving magnet-wheels 
(as in 78) and stationary armatures ; (C) high- 
spe^ machines, for steam-turbine driving, 
having external stationary armatures and 
internally revolving field-magnet systems of 
peculiar construction. There is yet another 
type, not much seen now , in which the armature 
stands still, and the magnetising coils of the 
field-magnet also stand still, the only thing that 
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revolves being masses of iron fastened to a shaft* the foundation wheel ; and this is often made ot 
and which* being magnetised* act inductively. immense thickness to serve also as a fly-wheel. 
These are called inductor alternators. Fig. 80 shows such a magnet -wheel separately 

Alternators of the A type* with revolving To raagnetist' the poles, the projecting iron 

armatures* require sliding contacts to connect cores are wound with massive coils, usually 

the revolving coils to the external circuit. com|K)8ed of coppe^r strip about 1 in. broad and 

These sliding contacts are made by connecting in. thick, w'oiind edge wise. The magnetising 
the ends of the armature winding to insulated current must be brought from a continuous 

metal rings (known as slip-rings) fixed on the current machine* called an e,rnt(r ; and, as it 

shaft. Against these metal rings press collecting must lie brought to the n'volving structure, 

brushes of metal or carbon. Any single-circuit sliding contacts are necessary, two slip-rings 

alternator of this ty|H* will require tw’O such Ixung fixed on the shaft to receive the exciting 

slip-rings. But there are machines with three current from the contact-brushes and to convey 

circuits, called three-phase alternators, which it to the magnetising windings. These slip- 

require three slip-rings* and two-phase alter- rings are seen in 80 ready to be fixed upon the 

nators with four slip-rings* as 79. Owing to the shaft. 

difficulty of satisfactory insulation of revolving A smaller magnet -wheel witli eight poles is 
windings, if high voltages are required it is showm in 81 ; it has the slip-rings attacdicd, and 

much preferable to employ machines of the B shows their connection to the existing coils on 

tyf>e, with stationary armatures. the poles. 

Revolving Magnet - wheel*. As we Stationary Armature*. The stationary 
hav’e seen, these structures present a set of armatures of largt' slrjw-spi'ed alternators an 

radiating poles. The pole-cores arc sometimes well illustrated by 82, which represents an 

of solid steel, sometimes built up of steel stamp- armature just completed in the factory. Tin* 

ings, hut, in any case, they must he stoutly is a great ring huilt up of thin stampings 

secured by dovetails or by bolts to tlie rim of of soft stf'cl or iron, fixed in a strong cast-iron 

hoNsiri'f. The coils, pn'viously 
shaped on wooden formiTs, 
are insiTted in slots in the 
periplieral face of the et>re, 
and are fixed in witii wooden 
wedgt H. Will'll th(‘ magnet - 
wheel is in its place, and 
revolving, the magmdie 
fliixi'H from its jioh s sweeq) 
past th('S(‘ coils and induce 
('h'ctroinotivc fore(‘siii them. 
One of the largchi of such 
inacliiiU'H yest made is of 
K,(K)t)-horHc power, running 
at 75 rt‘ volutions per minute, 
in tin; Manhattan station at 
Now' York. 1 1 is about 30 ft , 
in diameder. But smaller 
machines of greater power for 
driving with steam turbines 
at high speeds have been 
built. Thes ! will he de- 
scribed in a later article. 

Wave-form of Alter- 
nating ImpuUe*. Con- 
sider, in detail, how an 
alternating elc;ctromotivo 
force, or an alternating cur- 
rent* varies within one cycle. 
The impulse targins, it in- 
creases in strength up to a 
maximum, then it di(;s away 
to zero, reverses, increases (in 
the opposite direction) to a 
negative maximum, and 
finally dies away to zero, to 
begin a new cycle. If we 
divide the j>eriod of one cycle 
into quarters, we see that if 
the operation is symmetrical 
the two maxima — positive 

80 .sfXTY-poLE MAONET-WHEEL OF ALTERNATOE. (Dick. Kerr A Co.y and negative — Will OCCUF at 
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tile end of the fini and third quarters. To 
represent such variation in detail, it is usual to 
depict them graphically in a wave-diagram, such 
as 88 (a), in which the horizontal measurement 
from left to right represents an ever-increasing 
time, and the vertical height above or below the 
level line represents the particular value of the 
impulse from instant to instant. 

Fig. 88 (a) represents the impulse as going 
rather suddenly to its maxima, which are in the 
form of peaks. The shape of the curve which 
represents the periodic variations in the induced 
voltage is called the uxive-form of the alternator. 
If the coils of the armature have a span equal 
to the polo-pitch, and are concentrated in narrow 
slots in a core of smooth periphery, the wave- 
form of the alternator will depend only on the 
shape of the magnet- polos. If these are fiointod, 
the wave-form will be peaky ; if they arc broad 
and blunt [88 (a)] the wave form will be rounded, 
or rounded with flat tops. Narrow poles generally 
cause peaky waves. Wide slots in the periphery 
of the armature core cause distortions that show 
themselves as ripples on 
the outline of the wave- 
form. Thus 88 (r) is the 
wave-form of the alternat- 
ing voltage supplied to 
the town of Carisruhe. 

Virtual Value of 
an Alternating Volt> 
age. Suppose an alter- 
nating voltage to vary 
during the period from 0 
up to -f 200 volts, then 
back to 0, then to - 200 
volts finally back to 0, 
what will be its working 
value as a voltage ? It 
will not do to take the 
mean or average in the 
ordinary sense, for the 
average taken from the 
beginning to the end of 
the period is clearly zero. Neither w'ill it do to 
take the average during half a period. What- 
ever value is the right one, it will be clearly 
more than 0, and less than 200 ; it will be 
something between the greatest and least 
values. And the value will clearly depend 
on the question whether the curve rose in a 
peaky way, or in a round-shouldered way toward 
its maximum. A clue to the correct answer to 
the question may be found by inquiring how the 
instruments us^ as voltmeters and ampere- 
meters for an alternating supply are constructed. 
If they are examined, it wiu be found that they 
indicate a special kind of mean of their own, 
which is neither an arithmetical nor a geomet- 
lioal mean, but i^ qwadrtUic mean ; or, in other 
words, they indicate the souare root of the mean 
of the squares of all the vmues. It is impossible 
in the short space available to go fully into this. 
But, for example, it may be summarily pointed 
out that in those amperemeters and vmtmeters 
which work on the principle of the expansion 
of a hot wire, the heat at every instant imparted 
to the wire is proportional to tiie square of the 


current in the wire ; that the inertia, thermal 
and mechanical, of the instrument averages 
these squares ; and that the dial is so constructed 
as to read in proportion to the square roots of the 
mean expansion. It may be remarked that in 
an alternating hot-wire amperemeter the point 
on the scale marked 10 amperes '' muai be that 
point to which the pointer goes when the wire is 
neated by 10 actual amperes going through it. 
And if an alternating current is sent through it 
of such a strength that it also sends the pointer 
to the same spot — that is, heats the wire to the 
same extent — such a current is virtually 10 
amperes, and ought to be called so, though it will 
bo varying between 0 and 14 amperes or so one 
way or the other. The value which instruments 
read is therefore called the virtual value ; the 
adjective virtual (French efficace) meaning the 
“ quadratic mean.” 

A numerical example will make things plainer. 
Suppose that a current varies between maxima 
of 0 and - 6 amperes. What is its virtual 
value ? If 84 represent its wave-form, and if 
we divide the period into 
12 equal parts, we shall 
find that we may repre- 
sent the successive values 
in one cycle as follows : 
0+3 + 5-f64 5 4 340 
-3-5-r>_5.-3-0. 
Now write down the 
squares of these num- 
bers : 

0 4 9 4 25 4 36 4 25 4 3 
0 4 9 4 25 4 36 4 25 
4 9 4 0. 

The sum of these 
squares is 208, and divid- 
ing by 12 gives us as the 
mean 17*33. Take the 
square root of 17*33 and 
w'e get as the quadratic 
mean, or virtual value, 
4*16. That is to say, this is an alternating 
current of 4*16 virtual amperes. 

Virtual and Maximum Values for a 
Smooth Wave-form. Suppose the varia- 
tions of an alternating voltage or current to follow 
a smooth wave-form — and by this we mean, in 
mathematioal language, that they vary as a 
sine-function of the time — then the virtu^ value 
will be 70*7 per cent, of the maximum, or the 
maximum will be 141*4 per cent, of the mean. 
Thus, if a voltmeter reads 100 virtual volts, we 
shall know that the voltage is actually varying 
between + 141*4 and - 141*4 volts. Or if it 
read 30 volts, we shall know that the value is 
really varying between + 42*42 and - 42*42 
volts. If the wave- form be not smooth, the 
maxima will have some other ratio to the 
virtual value. 

Closely connected with this point is the value 
of the coefficient h that comes in in the design 
of altematoFS. If the alternator is so designed 
that it gives a smooth wave-form, the value of k 
will be 2*22. If it is designed to give a more 
sloping curve, the value of k will be lew, or if a 
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more high-Hhouldered curve, the value of k will 
be greater. 

Lag and Lead. Kvery electric current 
\H an effect of which the voltage applic^d to the 
circuit iH the cauw^. If the voltage in an alter- 
nating one, it fnllowH that the renulting current 
will be an alternating current and that it will 
have the name frequency an the voltage which 
cauaea it. Hat there in thiH difference: that the 
rcHulting alternating current may not follow 
the alternating voltage in all itn detaila, nor 
docH it alwayn keep in exact Htep with it. The 
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wave-form of the current may differ from that 
of the voltage, being modified by reaetiona due 
to apjiaratuH in the eircMiit. This point need 
not trouble us. Hut of immense imjiortance is 
the circumstance that the current will not 
tUK'i'ssarily keep step with th(‘ voltage. For 
it hap|K>ns in almost (*very actual circuit in 
which alternating currents are used that the 
current lagu a little with n'sptu’t to the voltage. 
Ltd us understand what this means and w'hy it 
occurs. 

Fig. 85 depicts two alternating curves, marked 
V and C. If we look at the length on the time- 
lino we see that the duration of the wriod of tht* 
C curve is the same as that of the V curve ; but 
they do not Iwgin together, thev do not reach 
their top values together, they do not both die 
down to zero at the same instant. In fact, 
the C curve lag« a little behind the V curve ; and 
the amount that the C curve is shifted to the 
right with resjwct to the V curve marks the 
amount, in time, that one lags behind the other. 
This is a typical illustration of the way that the 
current C nabitually lags l>ehind the voltage 
V. The circumstance under w^hich such a lag 
of the current occurs is w'henever the circuit 
contains any coils that wdll magnetise. If any 
electromagnet, or any coil wound round an iron 
ooi^. is inserted in the circuit, then the current 
on its w^ay round the circuit must necessarily 
do some monetising. While the current rises, 
the magnetism must grow ; while the current is 
lying away, the magnetism must die. This 
^wth and dying of the magnetism in the circuit 
itself set un self-inductive reactions, with the 
result that the current cannot grow up as quickly 
or as soon as it otherwise would do, and cannot 
decrease or die away as quickly or as soon as it 
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otherw'ise would die. So it is compelled to lag. 
In other words, the lag of current is due to the 
self-induction in the magnetising coils in the 
circuit ; and the self-induction not only causes 
the current to lag in time, but it is actually 
choked in amount : it cannot rise to so high 
a maximum as it otherwise would attain to if it 
were governed by the mere resistance of the 
circuit. 

As a matter of fact, there is another case 
where the current is forced to occur earlier — that 
is, to lefid inst<‘ad of to lag. This occurs when a 
condenser, or anything else having electro- 
static capacity, is introductKl into the circuit ; 
but this is not the place to enter on this question. 

Difference of Phase. There is another 
way of regarding this question of lag. The 
amount by which the current lags l)ehind the 
voltage is a small fraction of the whole time 
of one period ; and for certain purposes it is 
more convenient to think of it as a fraction 


of the period. No current can be so much 
rcitarded by self-induction as to lag as mucli 
as one-quarter of the whole period. Now, as 
tlie )>eriods of alUTnation recur in regular 
HU(5ce8Hion. like the revolutions of a uniformly 
revolving wheel, it is found to be a convenient 
way of describing the amount of a lag to say 
to how many degrees of an angle it would 
eorrcHfiond For example, suppose the frequency 
to be 50 cycles per second. Then one period 
lasts of one second. Now' suppose the current 
WTTc caused to lag, say, of a second Ixdiincl 
the voltage — that is, of a whole period. 
If M'v regard one period as a revolution once 
round a eirclo, or 360^, then of this is 30 , 
and we might deseriln* that current as having a 
30' lag. Ah remarked above, the current can 
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never lag more 
than 90 , that is 
j [x-riod, behind 
its voltage. 

Now’, this me- 
thod of employin'^ 
the language of 
angular measure- 
ment to describe 
a lag is convenient 
for another pur- 
pose— namely, to 


deacribe any difference of phase that there may 
be between tw'o alternating currents. Suppose 


an alternator, such os 77, to be constructed with 


two independent coils, marked P and Q in 86, 
each wound in a pair of slots in the armature 
core ; but let the slots be displaced, so that 
coil Q is fixed a little further to the right than 
coil P. Clearly, as the magnet -wheel revolves, 
it will set up two alternating voltages in these 
two coils, and if the coils have the same number 
of turns they will be equal, and certainly of the 
same frequency. But the voltojge in Q will occur 
a little later than that in P, simply because Q 
is a little further on. So here we shall have the 


generation of tw'o equal alternating voltages 
having a difference of phase l^etw^een them 
And mis phase difference can be expressed also 
as an angle. For if Q is displaced from P by 



tLSOTKIOITY 


ftti AUiount equal* nmy, to one-third of the 
pitch from one north pole to the next north 
pole, as measured round the periphery of the 
armature face, then the Q voltage will lag one- 
third of a whole period behind the P voltage, 
or there will be a difference of phase of 120^ 
between the P voltage and the Q voltage. 

Two-phase. If, as in 86, the Q coils are 
displaced exactly one-half of the pole-pitch 
from the P coils, then the difference of phase 
betwecm the P voltage and the Q voltage will 
be one- quarter of a period. Any alternator 
wound with two independent sets of coils in 
two phases that are thus one-quarter of a 
period apart, is called in Euroj>e a twf>-phnsf 
machine. 

Three-phase. It may he remarked here 
that one might build an alternator with several 
different sets of coils, say, a P set, a Q set, 
and an R set, each displaced beyond the other 
so as to give rise to three separate voltages 
that differed successively in phase from one 
another. The well-known three-phase system 
of currents is nothing more or less than a 
system of three separate alternating currents 
which are in this way made to differ from one 


trigonometrical terms will find the following 
simple table useful : 


Aiuric 

, Cosine of 

1 Angle 

Powt'r- 
factor. in 
Porcen- 

Sine 

of Angle 

Idle Cur- 
rent. in 
Pen*e)»- 


i 

tagof» 


tages 

0' 

i 1 

KM) 

0 

0 

6' 

0*9902 

99*02 

OOS72 

8*72 

10 

0*9848 

98*48 

0*1737 

17*87 

16“ 

0*9059 

90*69 

0*2688 

25*88 

20“ 

0*9897 

98*97 

0*3420 

j 84*20 

25“ 

0*9008 

90*08 

0*4220 

42*20 

80' 

0*8000 

80*00 

0*5000 

50*00 

85“ 

0*8190 

81*90 

0*5730 

57*80 

40“ 

0*7000 

70*00 

0*0428 

04*28 

45 

0*7071 

70*71 

0*7071 

70*71 

50“ 

0*6428 

04*28 

0*7000 

70*00 

65 

0*5786 

57*30 

0*8190 

1 81*90 

00' 

0*5000 

50’(M) 

0*8000 

80*60 

fl5‘ 

0*4220 

4L*20 

0*9008 

1 90*08 

70“ 

0*3420 

34*20 

0-9397 

1 98*97 

75“ 

0*2588 

25*88 

0*9059 

1 96*59 

80“ 

0*17.87 i 

17*87 

' 0*9848 

i 98*48 

H.V’ 

0*0872 ! 

8*72 

0*9902 

1 99*02 

00^ 

0*000 

0*00 1 

1 *000 

1 100 

1 


Thus, if a force equal to the weight of 50 
pounds, acting obliquely at an angle of 40 ' with 
the line of movement, produces a movement 
of 0 feet, the number of foot-pounds of work 


another in phase by successive angles 
of 120"’. We reserve th’s s^^stem for 
a future article, the present one not 
going l>eyond single- phase working. 

Power-factor. Rtduming to the 
lag of a current behind its owm 
voltage, we come to a point of vital 
importance in connection with the 
jH)wer of alternators. When a current 
lags and gets out of phase with its 
own voltage, then just so far as it 
gets out of phase it ceases to be 



effective. For the power [nee p. 292] 86. lac hetwkkv vf)i,TA(iK and ccrkent 

which it conveys is the product of the 


volts and the amperes only so far as they act done will not Ik* ,'KK), because only a component 

together. We come here upon a strict analogy of the force is in th(* line of movement. 1'he 

with a most important principle in mechanics — true amount is found by multiplying the IKK) by 

namely, that the work done by a force in the cosine of 40"', namely, O'TOO, making the 

producing a movement — usually stated as the true amount of work done IKK) y ()*70t» 220’S 


simple product (in foot-pounds) of the 
into the distance through which the 
has moved — is not p 

true unless the 

force and the re- 
sulting movement 
are i n the same 1 ine , 

If the movement / 
is constrained and / 
takes place in( , 
some direction at 
an angle with the 
force, then the 
work done is no 
longer the product 86. alteenator ooiLS 
of tie foetid the two phases 



foot-pounds. 

In the same way, if a current is out of phase 
with its voltage, the tnie power in tvatts [sec 
p. 2921 will be less than the number of ik>U- 
amperes of apparent power ; and the true watts 
can Ik* calculatiid by multiplying the 
amperes by the cosine of the angle of lag. 

Thus, for example, let a current of 20 (virtual) 
amp<‘rc8 lie sent round a circuit by an electro- 
motive force of HK) (virtual) volts, and suppose 
that the current lags by SO"*, then the apparent 
power is 2,000 volt-amperes. But since the 
cosine of 30"" is 0’866, the true power is only 
1,732 watts. 

We may put this into a rule as follows : 


pounds ; it will be less than that product. The 
true amount of work can be calculated, as every 
student of dynamics knows, by multiplying the 
apparent number of foot-pounds by the cosine of 
the angle [see Teioonombtby, in Mathematic*] 
between the direction of the force and the line 
of movement. Those who are unfamiliar with 


True power = volts x amperes x power -jactor. 

It is for this reason that the cosine of the 
angle of lag is usually termed the power ‘factor. 
The usual lags occurring in practice are : For 
incandescent lighting, 16® to 20® ; mixed arc 
and inccmdescent lighting, 30®; induction motors, 
large, 35° ; induction motors, small and not 
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Wftll loaded, 55® to 60® ; choking coiki, 96® ; 
aynchronoua converter*, 0® to 10®. 

Idlo Componont. Wattleos Current. 
So far a* the corrent is otit of phase with its 
voltage, so far it is unable to be productive 
of useful work or to convey power. To 
understand this we may again resort to the 
analogy afforded by the similar case in d 5 mamic 8 . 
It is a well-known principle that a force does no 
work, spends no energy, if it acts at right angles 
to the line of movement. No power or energy 
is required to deflect a bullet from its path, 
provided the deflecting force acts always at 
right angles to that path. The earth exercises 
an attractive force on the moon to keep it ^ 
in its orbit, but expends no power or energy 
on doing so because the airoction of the force 
is in ou^rature with the direction of the motion. 
An oblique force can always be regarded as 
resolvable into two components, one in line 
with the motion (this is the working component), 
the other at right angles to the ^ -- 

motion (this is an idle com- / H 

ponent). So with the alternating current. We 
may consider it, in fact, as if resolved into two 


each component, a<kl the souares and take 
the square root, we obtain the value of the 
whole cuiTont : (10)* = ICOj^ (17*32)* = 300 ; 
100 X 300 = 400 ; and y/4O0 = 20, as before. 
.\ny purely magnetising current is an 
idle one, ^ving a power-factor practically 
zero. 

Menn Power of Alteraating Current. 

As the power at any instant is the pro- 
duct of volts and amperes at that instant, 
we can find the mean power by averaging a 
set of the instantaneous piquets. For 
example, let the current during one cycle have 
the values : 

3 +5 +6 -1-5 -1-3 0-3 -6 -6 -5 -3 0 

We have seen above that the virtual value 
of this current will be 4*16 amperes. Now 
suppose the voltage to vanr between maxima 
of -h 20 and -20 volts in the following cycle, 
the virtual value being 14*1 : 

20 -f 17 + 10 0 -10 -17 -20 -17 - 10 0 

Write them down one below the other, and put 
the products at each instant underneath, thus : 


component., one o 0+3 + 5+ «+5+3 0-3-5 - 6-. ■> - 3 0 

component in y ^ lo + 17 + 20 + 17 + 10 0 - 10 - 17 - 20 - 17 - 10 0 

l*tM Th th +30 + 85 + 120 + 86 + 30 0 4 30 + 85 + 120 + 85 + 30 0 


component at right angles (in the sense of 90® of 
lag) to the voltage. The former is the working 
component of the current, being the component 
that possesses the power, and proportional to 
the cosine of the angle of lag. The latter is the 
idle component, or wattless component of the 
current, which conveys no energy because of 
its being in quadrature with the voltage. It is 
proportional to the sine of the angle of lag. The 
two last columns of the table give the corre- 


Adding up the products we get 700, and, divid- 
ing by 12 to take the average, we find the mean 
prc^uct to be SSJ watts. This practically agrees 
with the volt-amperes ; for 4*16 x 14*1 = 58*6 
Now, if we suppose a lag of the current to 
take place, we must shift the numbers on 
accordingly. Suppose there is a lag of 30°. 
This means that the current figures must all be 
shifted on by one-twelfth of a cycle — that is, one 
place out of the twelve, thus : 


spond i ns ^ 

values. If y 

we take p 

as illus- ^ 


-3 0 + 3 -f 6 + 6 + 5+3 0 - 3 - 5 - 6-5-3 

0 + 10 + 17 + 20 + 17 + 10 0 -10 - 17 - 20 - 17 - 10 0 

0 0 + 51 + 100 + 102 + .50 0 0 + 51 + 100 + 102 + 50 0 


tration the same case as before of a current 
of 20 amperes lagging 30° in phase behind 
its voltage, we seeroy reference to the table, 
that the sine of 30® is 0*5, and, therefore, 
that there will be 60 per cent, of idle current ; 
that is, though the current is 20 amperes it 
acts as though 10 amperes were idle or 
wattless. In fact, the two components 

into which the current is split up are pro- 
portional, one to the sine, other to the 
cosine of the angle : the working component 
is 20 x 0*866- 17*32 amperes ; the idle com- 
ponent is 20 X 0*5 s 10 amperes. If we square 


Adding up and dividing by 12 as before, we now 
find the mean power to bo only 51 watts. But 
this agrees with what was said aTOve ; for to find 
the true watts we must multiply the volt-amperes 
by the power-factor, which is the cosine of the 
angle of lag. Now the cosine of 30° = 0*866. 
And 4*16 X 14*1 x 0*866 = 50*8 which is prac- 
tically the same as that deduced by averaging. 

Anyone who doubts that, when the lag is 90® 
there is no power, should verify it by shifting 
the current figures till the maximum comes 
opposite the zero of the volt series, and then 
form the products and take the mean. 


The AUemator conduded 
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difitilling may be noted. Belfaat, therefore* 
resemblee the prosperouii manufacturing centre* 
on the other aide of the Irish Sea, but unfor- 
tunately it stands alone in Ireland. Carrick- 
fergus, on the north bank of Belfast Lough, is 
similarly engaged, and has important fisheries. 
Lame is the port for the Stranraer route across 
the narrow North Channel. South of Belfast 
are Donaghadee, and Downpatrick on Stranj^ord 
Lough, ^e granite Moume Mountains, risii^ 
to nearly 3,00() ft., are much visited for their 
fine scenery. To the south is Carlingford Lough, 
north of which Ncwry is built in the gap leading 
to Lough Neagh ; Dundalk, on Dundalk Bay, an 
important railway centre with locomotive works, 
exports provisions ; and Crt^enore has regular 
communication with Holyhead. 

West Highlands of Connaught. All 

these lowlands are connected with the Mid- 
land Plain, which extends from the Irish Sea to 
the base* of the mountains of Western Con- 
naught. Those* are known as the Nephin Beg 
Mountains in the north, and the Connemara 
Mountains, with marble quarries, in the south, 
both rising to 2,50() ft. The coast resembles that 
of the West Highlands of Scotland, with many 
inlets, of which the largest is Clew Bay ; they are 
separated by fine cliffs and headlancfs. The life 
of the peasantry is very similar to that of the 
Highlanders, but even harder than theirs. Poor 
grazing is eked out by poor fishing, and cottage 
industries. At the eastern base of the highlands 
is a chain of lakes — (bnn. Mask, and (Corrib — at 
the edge of the limestone* Midland Plain. CJal- 
way, south of Corrib, at the head of Galway 
Bay, which would Ik* a flourishing port in a 
richer district, exjwrts the dairy produce of the 
betti*r pastures, marble, and fish. 

The Midland Plain. The Midland Plain 
contains much good am'icultural and meadow - 
land, but also much bog. The great Bog of 
Allen oocupiw a large part of King's C/Ounty and 
Kildare, ^e Shannon, the largest river of 
Ireland, rises less than 3(10 ft. alxjve the sea, and 
flows slowly across the plain, the whole ct*ntre of 
which is draincMi by it and its tributaries. In its 
upper course it expands into l.ough Allen, 
south of which an* Leitrim and Carrick-on- 
Hhannon. Below Carrick the Boyle enters from 
the west, flowing through lx>ggy country", with 
similar lake-like exjmnsions. We Shannon con- 
tinues of lake-like breadth to Athlone, at the 
south of Lough Ree, always an important 
town, because the river is there narrow enough 
to be bridged. It is the plact* w’here the main line 
from Dublin to Galway crosses the river. Below 
Athlone the Shannon expands to Lough Derg, 
and then flows through the gorge of Killaloe, 
between the Bemagh and Silvermino Mountains, 
to its estuary, at the head of which is Limeriok, 
with a large provision trade, and some lace 
manufactures. West of the Shannon basin the 
land is drained by small rivers flowing to Loughs 
Mask and Corrib. 

The Capital City. East of the Shannon 
basin, numerous rivers, rising to a great height, 
flow east to the Irish Sea. The largest is the 
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Boyne, which flows through a country rich in 
antiquities and historical associations, l^und 
towers and sculptured crosses are numerous. 
Tara, near Navan, the seat of the ancient 
kings of Ireland, is famous in song and legend. 
Drogheda, at the mouth, manufactures linen 
and exports the agricultural and dairy- produce 
of the eastern plain. The Liffey, ateo flowing 
into the Irish Sea, rises in the picturesque 
W’^icklow Mountains to the south. Dublin, the 
capital, on a magnificent bay, is built at the 
mouth of the Liffey. The surroundings are 
remarkably beautiful, but in spite of some flne 
streets and buildings, Dublin is not an imposing 
city. It is notewwthy that, like the capitals of 
England and Scotland, Dublin is on the east 
coast, showing how- important proximity to 
Europe has been throughout our island history. 

Southern Highlands of Leinster 
and Munster. South of a line drawn 
from Galw^ay Bay to Dublin Bay, Ireland is 
again mountainous. As in the north, lowlands 
break the mountains up into separate masses, 
many of which are higher and more extensive 
than those of Ulster. The low'er courst^ of the 
Shannon lies in the highland region, and has 
already In^en described. East of the Slieve 
Bloom and Silvermine Mountains, w’hich form 
its eastern margin, is the lowland drained by 
the Suir-Nore-Barrow'. The Barrow’ — the main 
river — is formed by streams from the Slieve 
Bloom and the Bog of Allen, and flows due south 
U^tween the Wicklow and Wexford Mountains 
on the east, and the mountains of Kilkenny on 
the west. The Nore, also from the Slieve 
Bloom, flows through past Kilkenny, parallel to 
the Barrow, but separated from it by hilly but 
good agricultural and grazing country. Anthra- 
cite coal is worked near Castlecomer ; marble, 
lead, and other minerals near Kilkenny. The 
Suir, from the Silvermine Mountains, flrst flows 
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Bouth, but is tamed east by the spurs of the 
Knockmealdown Mountains, and flows p^t 
Clonmel and Carrick between mountains rising 
to 2,600 feet. It enters the Barrow at Water- 
ford, at the head of Waterford harbour, which 
exports dairy produce and provisions. 

East of this lowland are the Wicklow Moun- 
tains, with magnificent peak, vallev, glen and 
lake scenery. Of many lovely vales, that of 
Avoca is the most famous, with Arklow at its 
mouth. Minerals are numerous, and lead ore is 
exported from Wicklow. The southern slopes 
are drained by the Slaney, flowing to Wexford 
harbour, whence WexfoM exports live stock, 
dairy produce, malt, and barley. 

West of the Suir-Nore-Barrow lowland, the 
Slieve Bloom, Silvermine, and Knockmealdown 
Mountains form a nearly continuous belt of 
highlands. The rivers no longer run north and 
louth in broad vales, but east and west in long, 
parallel valleys, which widen into lowlands at 
the mouths. The Blac^k water flows along the 
northern base of the Boggeragh Mountains past 
Mallow and Liamorc, and turns abruptly south 
to Youghal Bay, whence Youghal, with salmon 
Hsheries, exports its agricultural and dairy pr(»- 
d»ice. The l.<ee, coming down from the Kerry 
.Mountains, flows east to ('ork harbour, which 
(»|)ens to the south, and the Bandon in a parallel 
valley flows through similar mountain scenery, 
turning south-east to Kinsale harbour. Many 
of the fine natural harbours of southern Ireland 
are 8{K)ilt by bars at their mouths. Cork is one of 
the finest in the world, and could hold our entire 
Navy. It contains many islands, on one of which 
18 Queenstown, where Atlantic liners call for 
mails and passengers. Distilling, brewing, bacon 
curing, tanning, glovemaking, and some woollen 
manufactures are carried on at Cork. The ex{H)rt 
trade in provisions is very large, and shipbuilding 
is important. Kinsale is a fishing port. 

Kerry Mountains and Killarney. 
The south-west of Ireland consists of lofty 
and picturesque mountains running west- 
wards down to the sea, forming a wild, 
rocky coast, with many headlands and long, 
narrow bays. Among the latter, notice Dingle 
Bay, Kenmare River, Bantry Bay, and Dun- 
manus Bay. The rivers are short and rapid, and 
afford excellent fishing. In the north, the 
mountains are known as Macgillicuddy’s Rocks, 
with Carrantuol, over 3,000 feet, the highest 
mountain in Ireland, and Mangerton, almost as 
high. Among those towering p€^ks are em- 
bosomed the far-famed lakes of Killarney, with 
many islands, richly wooded like the shores. 
Mucn of Kerry is unproductive moorland. As 
little agriculture is possible, towns are few 
and population sparse. Round the dangerous 
coast fishing is important. On Valentia Island 
is a meteorological station, from which we 
receive the first warning of storms approaching 
from the Atlantic. 

ISLANDS IN BRITISH WATERS. 

The lele of Man. The Isle of Man rises 
in the Irish Sea, midway between Strangford 
Lough and St. Bees Head in Cumberland, each 
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IcHs than 30 miles distant, whilst the ScottiHh 
coast is considerably nearer. The island is 33 
miles long and 12 miles wide. Th(^ centni and 
south parts of the island arc mountainous, with 
lovely glens ojaming to the sea. Snaefell, 2, (KM) 
feet high, is the highest point, and commands a 
fine view of the island and of the coasts of 
England, Scotland, and Ireland. Minerals arf* 
abundant, especially lead. Farming is extremely 
good ; all round the coast fishing is inaportant, 
and most of the towns — of which Douglas, 
Ramsey, and Peel are the largest — are situated 
there. The tourist traffic is immense in summer, 
when the island becomes the playground of 
I.Ancashire. Mon preserves the right of self- 
government, a separate Parliament, known as 
the House of Keys, separate judges, or deemsters, 
and many relics of a long and interesting history. 

The Channel lelanda. lliese, the last 
shreds of our once great French possessions, are 
80 miles from our own shores, and within 10 of 
the FVench coast. The largest are Jerstw (45 
sq. miles), Guernsey (25 sq. miles), and Alderney 
(4 sq. miles). Both population and languap are 
of ^ench origin, and the islands have Home 
Rule. The coast scenery is wild and imposi^, 
and the surrounding seas are strewed with 
sunken rocks, and rendered still more dangerous 
by strong currents. In all the growing of early 
fruit and vegetables is important, and fine breeds 
of dairy cattle are grazed on the sunny meadows. 
The capital of Jersey is 8t. Heliers and that 
of Guernsey St, Peter’s Port. 

CorUinued 
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Mots Colonies. Seaweeds. Diatoms. Mushrooms and Toadstools. Fairj 
Ring:t. Moulds. Rust Mildew. Potato Disease. Yeast and Lichens 


By Professor J. R. AINSWORTH DAVIS 


MOSSES S LIV£RWORTS--oontinu6d 

Mohh( 58 art^ usually found matted together 
in extensive colonies, which are largely formed 
by a priKJCJis of vegetative reproduction. The 
branchcH kcHjp on growing, and their older 
pa’-ts d'icay, while the ends remain to form 
tnde|xmd(;nt plants. 

It in well known that peat is chiefly formed 
by the growth of pcat moHscH on a large scale. 
These arc far more dependent upon moisture 
than the ordinary sorts, and their branches 
and l(*aves are hollowtxl out into cavities, by 
which water is readily taken up. 

Liverworts are lowly relatives of the mosses, 
orefumting a great variety in form and habit, 
but possessing a life-history much like the 
one just descrilMHl for a typical moss. Some 
of them are common on wet banks, or w'ithin 
Uie reach of spray from waterfalls. Many— e.g., 
Marohantia [209, p. 1312] — are flat, gre^en ex- 
pansions, w ithout distinction between stem and 
leaf, attached by numerous root-hairs to the 
underlying soil. In this particular case the 
egg-organs are borne on the under side of 
upright umbrella shaped- branches, w'hile the 
sperm-organs are to be found in a similar 
pKxfltion on mushroom shaped ones. There is 
also a special provision for vegetative reproduc- 
tion in the form of little green cups, within 
which are produced minute rounded gemmw/w, 
capable of growing into distinct plants. The 
spore -capsule of a liverwort is not so complex 
as that of a moss. Its stalk does not elongate 
till tlie spores are ripe. These are contain^ in 
a rounded swelling [210], which may split open 
regularly or irregularly. Scattered among the 
sporon there are usually a number of elastic 
thread.} {elaiers), which Msist in the dispersal of 
these microuoopio bodies. 

The higher liverw-orts somewhat resemble 
mosses in appearance [210], and are often found 
living among them. Some such forms grow on 
the bark of trees, and do not lose their vitality 
if they dry up. They are of a purplish colour. 


THE LOWEST PLANTS {Thalhphytes) 

The plants with w^hich everyone is familiar 
mostly bel(^ to the groups which have now 
been describe, for these include the forms 
which make up the green covering of the earth. 
Seed-plants, in p^ioular, compel our attention 
by reason of their aixe. the oonspicoous flowers 
so many of them bear, and their economic 
imporUnoe. 

The present group, however, embraces a 
larger number of sp^ies than all the others 
put together, and theae are of such varied 
tuttd that some are to be found almost everywhere. 
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The plant' body is technically known as a 
thcUlus — t.s., an expansion which is not divided 
into root, leaf and stem. The lower liver- 
worts, 8s we have seen, are in much the same 
case. Thaliophytes arc conveniently divided 
into three great groups — Algau, or Green Thallo- 
phytss ; Funm, or Colourless Thaliophytes ; and 
Lichens, which are of mixed nature. 

ALGA£ {Oreen ThaUophytes) 

Though all of these possess the typical green 
colouring matter (chlorophyll), regarding which 
a good deal has elsewheit^ been said, this is in 
many cases obscured by the presence of brown 
or r^ pigment, which serves as a shield against 
excessive sunlight. Wo can therefore speak of 
“ brown and “ red ” algse, as opposed to 
“green” alg», in which the chlorophyll is 
obviously present. 

Bladder»wracK and Weather-glaaaea. 

The seaweeds which cover the rocks between 
tide- marks are the best known brown algse, 
and attract the attention of every visitor to 
the seaside. The popular name for them is 
“ wrack,” and there are a number of common 
species. One of the most abundant is bladder- 
wrack. {Fucus vtsiculosus) [211 upper flgure], 
the forking thallus of which is attached at 
one end, and when covered by the tide is 
buoyed up by numerous air-containing swellings. 
If a small piece of this or any other brown sea- 
weed is placed in alcohol, the brown pigment 
will rapimy dissolve out, and a green hue will 
be assumed — i.e., the chlorophyU will become 
visible. In winter and early spring the tips of 
wrack branches swell up and assume a yellow 
or orange tint [211, lower figure]. If such a 
swelling be held up to the light, a number of 
little round dots of darker tint will readily be 
perceived. Each of these is in reality a pit, or 
** oonoeptacle,” lined by hairs, some of which 
are modified into egg-organs, sperm-organs, 
or both (according to the species). 217 is 
an enlarged view oF a section through a female 
oonoeptacle, containing only egg-organs. Each 
of these is an ovoid body on a very short 
stalk, and containing eight egg-oelu. 
sperm-ofgans [218] are minute bladder-ltke 
structures bo^ne on branched hairs, and giving 
rise to lars^ numbers of excessively minute 
sperms. When a ripe egg-oell is liberated, 
nummua sperms are attracted to it, and one 
actually fusee with it, thus effecting fertilisatioiL 
Begmniiig near low- water marie and extending 
some distance into shallow watur we find 
the Laminaria zone,** so called after brown 
seaweeds of that name. They are huger and 
broarkr than the wracks, and thallus is 
smooth or oorrugeted, according to the speoiee. 



Are to be found 


It is these plants which are so often taken home 
by seaside visitors to serve as weather-glasses *' 
since, owing to the salt which clings to them, 
th^ become damp on the approach of rain. 

Bmwn Senwweda of Deeper Water. 
Large masses of seaweed 
drifting about in the ocean, 
especially in the Sargasso 
Sea, a huge eddy occupy- 
ing several thousand square 
miles of the North Atlantic. 

The most notable form 
here to be seen is the 
“ gulfweed *’ {Sargassum 
haixilerum)y which is buoyed 
up by stalked floats re- 
sembling berries in appear- 
ance. A huge brown sea- 
weed {Macrocystis pyrifera), 
with pear-shaped floats, 
native to the non -tropical 
parts of southern seas, 
attains the astonishing 
length of several hundred 
feet. Fucus and Lami- 
naria are largely used as 
manure, and under the 
name of “ kelp ” were 
formerly employed in the 
manufaeture of soda. As a 
source of iodine they are 
(e8[)eeially Laminaria) still 
invaluable. 


Diatoms (219]. ^ riiese 
almost infinitely varitsi 
microscopic- forms, which 
possess flinty coverings of 
great beauty, may l)e 
reckoned as the humblest 
of the brown seaweeds. 

They arc to be found in 
both salt and fresh water, 
and even on the surface of 
damp earth. Large tracts 
of the ocean floor, especially 
in the Antarctic regions, are 
covered with fine “ ooze ” 
principally composed of 
their remains. Some diatoms 
are stalked and immotiie, 
but the larger number are 
free, and, like many of the 
lowest plants, possess the 
power of movement. When 
examined under a micro- 
scope they may be seen 
gliding along in a very 
interesting and curious 
fashion. 

Diatoms as Food for 

Animals. The surface 
layers of the sea and of lakes are inhabited 
countless mjniads of diatoms, which con- 
stitute the chief food of innumerable minute 
animals, especially the lowly cousins of shrimps 
and prawns. The^ little creatures in their turn 
are deroured by herrings and many other 
sorts of fish, so that man himself is indirectly 
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indebted to diatoms for an important part 
of his diet. And this becomes still more obvious 
when we remember that oysters, cockles and 
mussels feed upon these lowfy plants wholesale. 

Ked Seaweeds. Most of these inhabit 
moderate depths in the sea, and are unsurpassed 

for their beauty of form 

and colour. Many of them 
are tom from their moorings 
and east up on the shore' by 
storms. The reproductive 
processes are too complex to 
be discusst'd here. Some 
of the red seaweeds are 
strengthened by oaloareous 
matter, and these “ nuUi- 
jx)re8 ” are represenUHl on 
our own coasts by branching 
forms and pinkish crusts 
which are to Ik' found on 
rocks l)otwecn tide-marks. 

Seaweeds aa Human 
Food. “Parrageen Moss” 
{Chondru^ rri,spu/i) is a 
stoutly - built forking rtid 
sea-wt^Hl which grows on 
the coasts of Britain, 
and has Is-cn UH(‘d in 
much the same way as 
isinglass. “ Lavc'r ” is 
anotlu-r edible H|K-ci<'H, with 
a fairly broad, branching 
thalluH. It is exposed for 
sale in Scotland, and in 
South W^lles is mix('d up 
with dough and baked int«o 
a sort of bread. 

Green Algee. Whiic 
red algflp are most exclu- 
sively marine, the gnx-n ones 
alK>und both \n salt and 
fresh waU*r. None of them 
are of great size, while large 
numls^rs are microscopic. 
Some of the larger forms are 
to se(‘n between tide- 
marks — e.g.^ “ sea lettuce ” 
{ iJlva), in which the flat 
thalluM is of a brilliant 
green, and ErUerorrutrpha^ 
made up of tufted hollow 
threads. 1’he group may 
peril a{)s be bt^st illustrated 
by taking two or throe 
typical species. 

Chara [214]. Chara is 
a somewhat anomalous green 
alga, which is oft«n to be 
found growing in dense 
masses in the ponds of chalk 
districts. It consists of a 
slender axis bearing circlets of branches, and 
suggesting in appearance a horsetail, though on 
a much smaller scale. The lower end is flxed 
in the mud by means of long, fine root-hairs. 
Upon the branches are ^oups of slender pro- 
jections, which are possibly to be regarded as 
incipient leaves. The axis and its branches are 
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covcrrtl 1/y frllK arranged in a Rpiral manner, and 
the whole plant iaencruHtedwith earbonat-e of lime. 

Reproduction of Chara. Towards the 
end of Kuramer egg-organs and s[)erm-organK 
are developed in pairs on the branches, in 
association with the “ leaves,’' The egg-organ 
is brown in coloiir and of ovoid shape, with a 
spiral covering, and a “ crown ” of jwinted cells. 
It contains a single egg-cell, to which a passagt- 
leads down bt*tween the crown-cells at the time 
of maturity. The orange -coloured sperm -organ 
is a hollow sphere, the wall of which is mode up 
of <*ight triangular platcMi, elegantly fluted. 
From ea<'h plaU* a sort of “ handle ' projects 
inwards, anri this Iwars several long threads. 
('ompoHt'd of a large numl)er of cells joined end 
to end. Within each of those colls a spirally- 
shafK'd sp'rm is produced, one end of which is 
provided with two long 
whiplike thn^ads of living 
matter (protoplasm), the 
hishing movements of 
which pro|M‘l it through 
the watvr. The ri|K* sjKTm- 
organ falls to nu'ccs, and 
the innuraerahle HjHTmH 
dcvelo|H‘d within it swim 
away. Fertilisation is 
('ffccted as usual, by the 
fusion of the sperm with 
the I'gg-ei'll. Th' fertilisi'd 
egg-cell, surrounded by its 
spiral investimnt, falls to 
the bottom of the })ond, 
and remains dormant 
during the winter, germi- 
nating in tb<‘ following 
spring into n new plant. 

Movements of Pro* 
toplasm. ('hara, and a 
related form {Niidia) whi(di 
difTers from it in certain 
details, have* long bt'en 
employed to demonstrate 
the movement of living 
protoplasm within vege- 
table cells. Seen under tlie 
inieroseojx* such a cell is 
found to possess a central 
space filled witli sap, and surrounded by a layer 
of protoplasm which ceaselessly moves round and 
round within its delicate membranous invest- 
ment. Such movement of living substance may 
also be seen in some of the cells of higher plants, 
a particularly good example being the hairs of 
stinging-nettle, which have a swollen base from 
which a long brittle thread projects, terminating 
in a little knob when unin jinx'd. The thread, if 
lightly touched, can penetrate the human skin, 
wnen the escape of a minute quantity of the 
acrid sap sets up the familiar and unpleasant 
irritation which most of us have experienced. 

If an uninjured hair be examined under the 
microscope, the protoplasm will be seen to be 
largely broken up into branching strands, the 
substanoe of which is in constant movement; 
this the presence of innumerable minute 
granules renders quite obvious. 
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Splro^m [215]. Many threadlike green 
alga* live in ditches and ponds, some attached by 
one end, and others simply floating. One of the 
commonest of the latter is Spirogyra. which is 
simply a row of hollow, cylindrical cells, bound 
by delicate elastic cell- walls. Each cell is 
lined by protoplasm, and the mioleiis is sus- 
pended by delicate strands of the same substance 
in the central sap-filled space [216, right]. 
A spiral band of the external protoplasm is 
impregnated with chlorophyll, and in it are to 
be seen a numl>er of little rounded IxKlies 
ipyrenoifis) concerned with the manufacture 
of starch. 

Reproduction of Spirogyra. During 
spring and summer, Spirogyra is constantly 
increasing in h^ngth by division of the con- 
stituent e<‘llH, and pii'ci's are frequently sepa- 
rated to form new and 
distinct plants. Rut on 
tlu' npprnacli of autumn, 
the ])roeess of ••conjuga- 
tion " takes plaet', which is 
comparable to egg- propa- 
gation. but is simpler, in- 
asmuch as there is only a 
iaint indication of a dis- 
tinction iK'tueen egg-cells 
and sperms. The adjacent 
eidls of two contiguous 
filaments send out pro- 
cesses which meet, fus(‘ 
together, and make a 
conjugating tube [216|. 
Meanwhih', the proto- 
plasm of each cell contra^’ts 
into a rounded mass. Ont' 
of these Hquce7.es through 
tlie conjugating tula* and 
fuses with the protoplasm 
of the other cell, to make 
a “ resting-spore." This 
develops a linn covering, 
and remains dormant 
through the winU*r, grow- 
ing into a new plant in the 
next spring. The filaments 
themselvi's break up and 
die. 

Desmlds [216]. If, during spring or summer, 
some of the mud from the bottom of a 
pond is examintxl under the microscope, it will 
almost certainly be found to contain some of 
these elegant little plants, each of which consists 
of a single cell. Many desmids are of extreme 
beauty, being only surpassed in this respect by 
diatoms, though, unlike these, they are not 
invested by flinty membranes. Some of them 
possess the power of movement. Desmids — and 
diatoms, also — conjugate in pairs [21 6o] to form 
resting-spores, which tide over the unfavourable 
winter season, like those of Spirogyra. 

FUNGI (Colourless Thallophjftes) 

We have already had occasion to consider 
certain fungi which are associated with the roots 
of higher plants for mutual benefit, but this is a 
somewhat exceptional habit, as many of them 
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(tuiprophytes) feed upon decaying vegetable or 
animal matter, while others (parasites) prey upon 
the living bodies of animals or other plants. 
Fungi are conveniently called “ colourless ” 
thalloph3rtesr to indicate the fact that they con- 
tain no chlorophyll, in the absence of whicn they 
are unable to use sunlight for the purpose of 
building up organic substance from water and 
carbon dioxide. They may, however, be of the 
most varied hues, including green. It would 
need a complete treatise to do justice to the wealth 
of forms included in the group, so we must 
content ourselves with considering a few of the 
commoner or more interesting types. 

Mushrooms and Toadstools. The 
actual rausliroora or toadstool plant consists of 
a mass of branching librcs. which ramify in the 
surface layers of the soil, and constitute what m 
technically known as the or, in popular 

language, the “ spawn.” This givt s rise to the 
stalked 8[>orc-pro- 
ducing structure 
which is seen above 
ground, and which 
is made up of 
closely intcrw’ovcn 
and (jompatded 
threads [212]. 

When fully deve- 
loped. tht‘ under- 
side of the ex- 
panded top of a 
mushroom or toad- 
stool will be seen to 
possess a largt* 
numlier of radiat- 
ing plates, or 
“ gills, ' on the 
surface of which 
the dustlike s{K)res 
are produced in 
immense numl>ers. 

The gills vary in 
colour with the 
species, being, e.g., 
in the edible 
mushroom, pink, 
brown, or black, according to age. 

A thin section through part of a gill [220], 
when examined under the microscope, will show 
that the surface layer is made up of closely - 
packed club-shaped cells, draw'n out into pointed 
projections, the ends of which swell up into 
s|>ore8. These are so minute that they are 
readily dispersed by the wind, and germinate into 
new plants under favourable conditions. 

Fairy Rings. The fairy rings of our 
meadows are due to the gradual outward exten- 
sion of an original clump of toadstools, the 
central patch being bare at; a result of exhausthm 
of the soil. 

Sponge Toadatools. A well-known 
tnlible fungus {Boletun edulis), living in woods, 
looks like a clumsily built brown- topped mush- 
room. Instead of gills, however, we find a 
spongy mass made up of elongated tubes lined by 
spore-producing cells. A stalkless member of 
the same group {Polyporus) is often seen as a sort 


of semi-circular plate projecting from the trunk 
of a tree or a decaying gatepost. One species is 
used for preparing tinder. The “ diy-rot ” of 
timber is due to another toadstool belonging to 
this group. 

Puff»balla. These are closely related to 
the toadstools, but the spore- producing bodies 
are quite differently shaped, being rounded 
structun^s within which spores are developed, 
to be liberaU^d by the bursting of the mature 
puff-ball. 

Morels and Trufnes. These differ 
from the prt»ceding in that their spores arc 
dcvelo)K‘d within tubular cells instead of pro- 
jecting frt'ely from tin* surface. Tlic sporc- 
prodiicing body of the edible mortd [lldveUa) is 
club-Hha[H‘d. tlie swollen part Iw'ing yellow in 
<‘olour. and its surface studded with projections. 

Truffles livo entirely underground, where 
their Hj>ort‘-producing bodies arc developed as 
tuber- like thicken- 
ings. They posHcss 
a charactcriKtic 
odour, and, as is 
well known, arc 
hunted out with 
th(^ aid of pigs or 
dogs. 

Edible and 
Polaonoua 
Fungi. The best- 
known edible forms 
are n» u s h r o o m s, 
Boletus oclulis, a 
large RjK*eies of 
puff-ball {LycAjper- 
dan deliciosvm)^ 
morels and tnif- 
Hes ; but many 
others are more or 
less eaten. It un- 
fortunately hap- 
pens that numer- 
ous spe^eies are 
virulently poison- 
ous, and as some of 
theses closely re- 
semble edible forms it is wisest to refrain from 
making gastronomic experiments on the group, 
unless the advice of a specialist is available. 

Moulds. It is a familiar fact that jam. 
chetme, bread, fruit and many other articles of 
food, as well as leather and so forth, are liable 
to become “ mouldy ” if kept in a damp plocjc. 
This is because they have been infected by the 
spores of the lowly fungi known as “ moulds,” 
of which a ^eat variety arc known to botanists. 

Green Mould {Penicillium glaucum) [221]. 
This common form is often to Ik* seen on oranges 
and bread, among many other things. The 
plant-body, or ra>t;elium, is made up of excess- 
ively delicate branching threads, some of which 
grow into the air and assume the form of 
antique candelabra, the branches of which 
give rise to rows of spores that are disseminated 
by the least breath of air. A more complicate<{ 
process of reproduction, involving fertilisation, 
has also been described. The blue mould 
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{Aspergillus) of checs3 i» broadly dimilar, but the 
ftporo' bearing branches end in swellings, from 
which numerous long chains of spores radiate. 

White Mould iMucor). This is often to 
be seen on bread and norsa-dung. The myoeliv m 
is made up of whitish, cobwebby fibres, from 
which long spore- bearing branches rise into the 
air. Each of thesa ends in a rounded swelling, 
within which numerous spores are produced. 
There is also a process of conjugation between 
specialised mycelial branches, by which resting- 
spores with firm investments are produced. 
These are able to remain dormant for some 
time, and thus enable the fungus to combat 
unfavourable surroundings. 

All the fungi so far described are saprophytes, 
which live upon dead organic matter ; but some 
of the moulds infest living plants, such as 
cereals, peas and vines. iSsides these there 
are many other parasitic forms, of which one or 
two deserve special mention. 

Ergot of Rye {Claviceps purpurea). 
During spring the young ears of rye are liable 
to be attacked by ergot, which is at this time 
in the form of a delicate mycelium, infesting 
the ovaries of the flowers, and producing in- 
numerable minute spores, which are dispersed 
by the agency of flies and other small insects. 
Those are attracted by a sweet fluid — “ honey- 
dew ” — that exudes from the diseased ovaries. 
When the grain ripens, the mycelium is com- 
pressc^d into a hard body known as an “ ergot ** 
[222], w'hich remains dormant during the 
winter. In the following spring a number of 
spore- producing bodies grow from this, each 
with a swollen end [228], in which there are a 
number of pits containing groups of elongated 
spc»re-oa8CB. The slender spores developed 
inside these oasis axe disporsod by the wind, 
and infect the young rye-{uants. 

Wheat Ruat, Wheat Mildew and 
Barberry Blight. One species of fungus 
in the course of a complicated life history 
pass.s through three stages, respectively known 
as wheat rust, wheat mildew and barbeny 
blight. The first of these stages {Puccinia 
graminis) makes its appearance in spring on 
the leaves and stems of wheat, giving rise to 
rusty -looking patches, in which numerous rust- 
spores are produced [224]. By means of these 
the fungus propagates and spreads during the 
summer. On tlxe approach of autumn the 
patches assume a black colour, indicating that 
the mildew stage is reached [225]. Spores of 
a different kind are now produced, and these 
remain in a resting condition through the 
winter. They germinate in spring, and give rise 
to a third kind of spore, which does not attack 
wheat, but bwbeiry. producing “ barberry 
blight ” (AScidium bmeruiis) [226]. This con- 
sists of a branching mass of delicate threads 
within the leaves of the host, from which blight 
spores take origin. They are of an orange 
colour, and are developed in little cups on the 


under sides of the leaves. They are scattered 
by the wind, and such of them as alight upon 
wheat may germinate into wheat rust. 

Potato DIoomo (Phgkrphihara infeetans). 
The delicate mycelium of this formidable parasite 
ramifies withm the delicate tissues of the 
potato-plant, and pushes out branches to the 
exterior through the stomata of the leaves [287]. 
These bear ovoid spore-cases, within each 
which are produced motile spores that swim 
about in the moisture present and disseminate 
the disease. Egg-organs and sperm-organs 
are also present on that part of the plant within 
the host, and the fertilif^ egg-cell oecomes an 
egg- spore, which is invested in a firm coat, and 
remains in a dormant state during the winter. 

Yeaat. If a little yeast is examined under 
a strong power of the microscope it will be 
found to contain innumerable ovoid yeast- 
plants, each consisting of a single cell and repro- 
ducing for the most part by a process of budding 

[228] . Under unfavourable conditions a yeast- 
plant may become a spore-case, within which 
are developed four spores that are able to 
remain in a state of suspended animation for a 
long time, should the surroundings still be ad- 
verse. They are so minute that they can be 
dispersed by the wind for great distances, and 
some of them are likely to reach a spot where 
circumstances are in their favour. 

Alcoholic Fermentation. The most 
remarkable fact in regard to the vital processes 
of yeast is that when placed in a sugar-containing 
solution it is able to break up the sugar with 
production of alcohol and carbon dioxide. 
This “ alcoholic fermentation ” is clearly of 
great economic importance. It is the production 
of gas by the yeast which is mixed with dough 
that causes the bread to “ rise ” — t.e., to become 
of spongy texture instead of remaining dense 
and tough. 

LICHENS 

These familiar plants are found everywhere, 
in the form of variously coloured crusts on 
rocks and walls, tuft^ growths on the 
trunks of trees [218], and so forth. As 
already mentioned, a lichen is a joint-stock 
company, consisting of an alga associated with 
a fungus, both of which can clearly be seen in 
a thin section placed under the microscope 

[229] . Spores developed in club-shaped cases 
are produced in special cup- shaped outgrowths, 
or it may be thickened projections. The spore- 
cases are the result of growth subsequent to a 
process of fertilisation. 

Two lichens are of particular economic 
interest. One of these is the so-called Iceland 
moss (Cetraria Islandica), which is used as a 
food in Iceland, and was formerly valued as a 
remedy for chest diseases. The other is reindeer 
“ moss ” (CUidonia rangiferina), which grows in 
dense masses on the ground in high latitudes, 
and during the winter forms the almost exclusive 
food of the reindeer. 


Bolany concluded 
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SOME PROPERTIES OF MATTER 

Cftpillarity. Viscosity. Compressibility. Cohesion. Hard- 
ness. Rigidi^. Elasticity. Plasticity. Ductility. Diffusion 


By Dr. C. W. SALEEBY 


Capillarity. This word is derived from 
the Latin name for a hair, and is applied to the 
facte which are observed when liquids are placed 
in very hair-like or slender tulies. As every one 
has noticed, if sucli a tulK^ be dipped into water, 
the water will rise some distance in it. The 
case is exactly similar with ti^a, which will run 
up into a lump of suf^ar. Furthermore, the sur- 
face of the water in the tulie will lie curved 
concave upwards. If, now, a similar tube Iw 
dipped into mercury, the mercury within the 
tube will actually stand at a lower level than 
that outside it, and 
the surface of the 
mercury in the tube 
will be convex up- 
wards. These facts 
are all entirely de- 
fiendent upon the 
same molecular attrac- 
tion that we have 
already called surface 
Umsion — that is to 
say, u{)on the relations 
of the surface Umsions 
of the M'aU^r, the 
mercury, the glass, and the air. This fact of 
cajiillarity cannot now detain us further, but 
we may briefly note that it is of great 
importance to the Viotanist, who finds in it a 
factor which helps to determine the rise of the 
sap in a tree — a process which, in some 
measure, corresponds to the circulation of the 
blood in an animal. 

Some other Propertiea of Matter. 

Briefly, we must name certain other properties 
of matter which are of less importance from the 
theoretical point of view, but which cannot be 
ignored. Vismsity is a property jK)8se8sed in 
varying measure by all fluids, both liquids and 
gases. In consideration of the physics of fluids, 
the fact of their viscosity has to be ignored 
owing to the complications which it introduces ; 
and so we have to imagine what physicists call a 
perfect fluid, which has no viscosity — that is to 
say, one which in passing over any surface exer- 
cises no forc^ upon it except that force at right 
angles which we described under fluid pressure. 
That fluids vary in their viscosity everyone 
knows who has compared methylated spirits 
with treacle ; both are fluids, yet how' profoundly 
differtmt is their physical state. Compressibility 
is anotlier occasional property of mattqr, the 
word being used to describe the fact that 
when matter, liquid, gaseous, or solid, is subject 
to t^resMure, its volume is reduced, or may be 
reduced. Reference has already been made 
to the contrast between liquids and gases in this 
respect, the former having for long b^n regarded 
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as incompressible. We cannot now accept, how- 
ever, the old division of fluids into compressible 
fluids and incompressible fluids, names formerly 
applied to gases and liquids, since it is now known 
that liquids are not incompressible. When we 
come to look into this property of matter, it is 
evident that it must depend upon a lack of 
continuity in tlio structure of matter — that is to 
say, if all the space occupied by a given volume 
of any kind of matter, looked at as a whole, were 
really filled everywhere by the minute particles 
constituting the mass, the mass would neces- 
sarily be incompressible. Hence, we must con- 
clude that the compressibility of matter depends 
upon its discontinuous structure ; it is better 
not to say that it deptmds upon its porosity, for 
that term is Ix^tter confined to describe the 
characU^r of bodies, either liquids or solids, w hose 
Ixihavioiir is such that their structure must be 
conceived as containing numberless pores or 
ajxjrtures or interstices, into w hich other matter 
from without can enter. Cohesion is another 
property of matter to which considerable 
reference has already l>een made. It is not worth 
while to draw' any distinction, such as has been 
drawn between cohesion and adhesion. In con- 
sidering surface tonsion, we are really considering 
a consequence of the same force as that w^hich, 
when displayed in the interior of a body, is called 
cohesion, and this is, again, in reality the same 
force as that which is called adhesion, and is 
displayed between smoothly fitting surfaces of 
two bodies, such as metal plates when these are 
pressed closely together so as to squeeze out the 
air from betw'een them. 

Hardness. Hardness is another property of 
solid matter, and is usually expressed by means 
of a scale that indicates, in order, a number 
of substances so arranged that the first 
can be scratched by the second, the second by 
*the third, and so forth, but not vice versa. 
Hardness is not merely a matter of density of a 
substance, nor does it depend merely upon its 
chemical composition ; unquestionably it de- 
pends upon molecular forces, and it is worth 
noting that it is often assbeiated with brittleness. 
The scale of hardness invented by Von Mohs is 
as follows. 

1. Talc. This can be cut by the thumb-nail. 

2. Rock-salt, or selenite. 

3. (-ale -spar, or Iceland spar. 

4. Fluor-spar. This can be cut by a steel 
knife. 

5. Apatite, or asparagus stone. This can be 
scratched by a knife. 

6. Fel spar — its purity being essential. This 
can be scratched only by the hardest steel. 

7. Rock crystal, or quartz. This is able to 
scratch glass or an ordinary steel knife. 
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8. Topar.. 

9. Sapphire. 

10. Lomond, which cuts glass. 

We may compare the phrase, “ as hard as 
adamant (from the Greek adamas, unconquer- 
able, whence the poets have formed the word 
adamant to mean the diamond). 

Rigidity and Elasticity. Rigidity is 
another property of matter which enables a body 
to resist tendencies towards change of form. 
Elasticity is another property of many bodies 
which has been very variously defined. According 
to some definitions (and with these common 
usage certainly agrees), indiariiblier is a far more 
^‘lastic substance than hUh'I. According to other 
definitions, steel is far more elastic than india- 
rubbcT. The elasticity of the indiarubln'r is 
much more obvious than that of 8tc‘el ; but if 
the essential part of our conception of elasticity 
be that an clastic body is able to return to its 
original bulk and shapt' after the application of 
a force which has altered one or both, then steel 
must bc' regarded as more elastic than india- 
rubber, since its restoration to its original con- 
dition, when the disturbing force has been 
removed, is far more complete and more nearly 
|)erfeet than in indiarubbei . We must remember 
lliat elasticity may be expressed in two opposite 
ways. A gas or a ball of indiarubber is elastic 
because it springs back again to its original bulk 
after it has Iw'cn compressed, while a piece of 
indiarubl)er is similarly elastic in that it returns 
to its former length after it has been exb'uded. 
This pro|>ertyof elasticity is extremely import- 
ant in a higher realm than that with which 
physics mainly deals, for it is one of the most 
imporlatit propertit's }>osses8ed by muscular 
tissue. The greater part of th(* act of expiration 
is mechanically accomplished, without any ner- 
vous or muscular effort of ours, by means of the 
(‘lasticitj^ of the muscles of inspiration, aided by 
the elasticity of the ribs. 

Plasticity. The opposite property of 
elasticity is 'plasticity. The art of moulding 
in clay is called plastic art — wet clay being a 
substance which has no elasticity worth mention- 
ing, and which is, therefore, pc*rfectly suited for 
the purpose of tlu‘ modeller. Every solid has a 
limit of elasticity, and if strained beyond that 
limit undergo(^s such a molecular change as to 
make it plastic. But even yet we have not 
completed the list of properties of this kind. 
The reader will have noticed that latterly we 
have been giving merely definitions of words and 
illustrations of their meaning ; we have been 
doing nothing to explain the facts that are 
described. All these facts are doubtless de- 
pendent upon molecular conditions and forces, 
which determine whether the body shall be 
elastic or plastic, rigid, hard, or brittle. 

Ductility. Dvetility is a property of many 
metals, in virtue of which they can be dra^ into 
wire. We may contrast, for instance, iron wire, 
which is so familiar, with the results that are 
reached when one makes a wire of lead, the most 
plastic and least ductile of metals. It might be 
thought that the same met^ which can readily 
be extended in the form of wire would be 
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capable of being extended in the form of flat 
plates ; this property is known as maUcahility 
(from Latin malleus^ a hammer). But, as a 
matter of fact, lead is exctH'dingly malleable,, and 
can be hammered out to very considerable thin- 
ness, though it can scarcely be drawn out into 
wHre at all. The property upon which ductility, 
as distinguished from malleability, depends, is 
called tenacity^ and is possessed in the highest 
degree by the best steel. Very few people have 
any idea of the extraordinary tension, or longi- 
tudinal stress, which is l>orne by the steel wires 
of a good piano. 

Even though we are totally unable to explain 
those various profierties of various substances 
in terms of molecular forces, we are, at any 
rate*, able to show that some of them vary 
with varying temperatures, as we would expect 
them to vary if the theories already stated as 
to the relations between heat and molecular 
energy were true. According to those theories, 
for instance, the process of adding heat to a 
solid body must imply an increase of its mole- 
cular motion in the direction of the staU^ which 
obtains in the case of a gas. Hence, w(* are not 
surprised to find that the heating of a solid 
reduces its cohesion. 

Another Property of Gases — Dif- 
fusion. The last prop(^rty of any kind of 
matter which w(‘ n(*ed to consider here is tht* 
j)rop(‘rty of d’ffijsion, which is possessed by 
gases, and whicth becomes (piite int(*lligible if we 
recall what has already lK*(*n said regarding the 
molecular motion in a gas, and what we liave 
now l(‘arnt to know as tlu* kinetic theory of 
gases. Hecalling the concept ions already noted, 
let us consider what will lx* liable to hapj)(‘n if 
two (I'fTcrent gases b(‘ j)oured into a vessel one 
above the oth(*r ; th(‘re is no surface tension in 
this case. Does it not se(‘m inevitable that at 
what is called th(* interface, or the level where 
th<* two gases meet on(^ another, there will be 
a very marked tendency to inU*Tmixture ? Such 
inU^rmixturc indeed occurs, and is known as 
diffusion. The raU^ of diffusion is found to follow 
an absolute law, and is strictly consistent with — 
indeed, is the strongest proof of — the kinetic 
theory. Diffusion occurs in all fluids, not 
merely in gases, though the diffusion of liquids, 
as one might expect, is much less rapid, and is 
complicaU^d by the facts of surfatjc tension. 
For instance, oil and water do not diffuse into 
one another — they do not “ mix.” Tne relative 
weight of liquids also affects their mutual 
diffusion. 

A Concluding Note on Matter. But 

before concluding this part of our subject and 
passing on to consider various forms of energy, 
such as heat, sound, and light, it is necessary 
to return to a supremely important subject. 
On page 312 we made some reference to it, 
and it has been incidentally referred to in our 
discussion of certain of the properties of matter. 
This subject is none other than the very nature 
of matter itself. Even since those remarks 
were written, much remarkable and important 
evidence, which the experimenters have not yet 
published themselves, and which, therefore, can 
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onlv be alluded to hero, hae been forthcoming 
in mvour of the great truths which we laid down, 
and in drawing to a conclusion the part of our 
course which aeids especially with matter, the 
opMrtnnity must be taken for endearour^ 
still furth^ to clear up the confusion which 
occurs in connection with this subject, and still 
further to establish truths which will be found of 
the utmost importance, not <jnly to modem 
physicistH, who have done so much to demon- 
strate them, but also to students of certain 
subsequent courses of the Self-Educator, and 
especially of those which will deal with the science 
of mind or psychology ^ and with philosophy. 

The Old View of Matter Untenable. 

Already we have rejected the idea tliat the 
units of matter are hard things, like “ foundation 
stones/' Further, wo have carefully dis- 
tinguished Ix^tweon mass and weight, and have 
not^ that weight is, so to speak, accidental, and 
that mass is perhafw the prime character of 
matter. Further, we have «»en that it is th<‘ 
property of inertia from which our notion of 
mass is derived ; but we also found that, 
according to the most recent investigations, the 
inertia of matter must be looked upon as 
electrical inertia, and matter itstdf as an electrical 
phenomenon. The final conclusion to which we 
came was that matter is merely a particular form 
of energy. We noted also that the l>elief in the 
conservation or the eternal persistence of matter 
— quite recently held by the chemist — can no 
longer be maintained in the light of the facts 
which are now rapidly being discovered and 
multiplied, of the disintegration — if not, indeed, 
apparent annihilation — of matter under certain 
conditions. Now, l)efore we pass to the greatest 
fact of physics, which is the doctrine of the 
conservation of energy, it is highly necessary to 
clear up once and for all our ideas as to the proper 
use of this word. Energy, in the philosophical 
and scientific use of that word, does not mean 
possibility for action or capability for work ; it 
implies an idm much more profound and 
important than any w'hich those words convoy. 
Neither in the original use of the word by Dr. 
Thomas Young, who introduced it, nor m its 
use by any of the great makers of physics since 
his day, does the word energy' describe an 
attribute of matter. The importance of gaining 
as clear a notion as the human mind will permit 
of the real nature of energy lies first of all in 
the fact that the new theory of matter, which is 
reducing matter to something like its proper 
importance, necessarily directs more and more 
attention to that of which matter, as we are now 
beginning to see, is but a temporary manifesta- 
tion ; and, secondly, in the fact that, by a sort 


of poetic justice, we find the latest developments 
of physics to have completely destroy^ that 
preposterous doctrine of materialism which, so 
popular thirty years ago, was based upon phy- 
sical conceptions that sound simply medical 
to modem students of the subject — a doctrine 
which cannot claim at the present day a single 
consistent supporter of any note whatever, 
even Professor Haeckel being now or recently 
engaged in the highly necessary attempt to show 
that his philosojmy, built upon a belief in the 
eternal persistence of matter, can stand even 
when that belief has been demonstrated to be 
untrue. Nor will it do to regard matter as a 
form of ether, since— even on that theory — it is 
the energy displayed in or by the ether that is 
the essential fact of matter. 

Energy and Materialism. In modern 
scientific thinking the word energy is used to 
describe the something, the power which is 
really the underlying and essential fac’t of all 
facts and all phenomena, except the facts 
and phenomena of mind — the relation of which 
to the idea of energy will be discussed in the 
course on Psychoixmjy. Certainly such a 
definition cannot satisfy the physicist, nor is 
there any physicist who is perfectly satisfied with 
any conception that he can form of the natun* 
of electricity — obviously necessary to an under- 
standing of that electrical phenomenon which 
wc call matter. But though the new theory of 
matter is at present so unsatisfying from the 
point of view of exact hard-and-fast science, yet 
it is already able to perform an incalculable 
service for philosophy. The old view of the 
nature of matter lea directly to materialism, Vmt 
this doctrine is now’ merely an obsolete absurdity. 
Founded, like half a hundred theological systems, 
in accordance with the scientific knowledge of 
the time, it has t-o yield, as they have had to 
yield, to the inevitable advance of such know- 
ledge. The great French philosopher and 
mathematician, M. Poincare, in his “Science and 
Hypothesis “ (translated into English a few days 
ago), has commented, with French lucidity and 
brilliance, upon the fact that we are now com- 
pelled to regard our conceptions of matter as 
symbolic of a Power w’hich is essentially 
unknowable, and the existence of which we can 
recognise only in its manifestations. Now, the 
gravest dogma of materialism is its fearful 
assertion that mind is a mere function — a 
transient function — of matter ; but in the light 
of recent physics this is to say nothing — it is to 
describe mind, that of which alone we have any 
immediate knowledge, as an occasional function 
of a symbol — a symbol of a Something Else 
which we cannot know. 
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ERADICATION OF WEEDS 

It is an old proverb that ** A weed is a plant 
out of place ; thus the wheat plant is a weed 
in a barley field, and vice versA. Where weeds 
are practically suppressed, a farm is regarded 
as clean ; where, on the contrary, they grow 
with freedom, the land is termed foul. One 
of the most costly processes in agriculture is 
the cleaning of a foul farm, for the land is 
actually in possession of perennial and other 
weeds of the worst character, which are most 
difficult to suppress. Large number? of the 
most prominent weeds are annuals, and, there- 
fore, easily destroyed by ordinary means; but 
the w'orst of w'eeds, which are chiefly perennial, 
are only eradicated by hand -la hour or deep 
ploughing. These, which are the farmer’s 
worst enemies, include couch or twitch, dock, 
thistle, nettle, buttercup, daisy, coltsfoot, 
ragwort, knapweed, and bindweed ; while 
among the worst of annuals are charlock, 
poppy, wild radish, mayweed, and dodder. 
The worst weeds, however, are not all 
found upon the same soils ; they have their 
preferences, some growing naturally upon the 
clays, others upon the chalks, and others 
again upon the sands. Thus they may 
indicate the class of soil which lies beneath 
the surface. 

How Weeds are Introduced. Weeds 


the feet of birds, and are deposited elsewhere. 
Again, a field may be easily inoculated with weeds 
by the employment of impure seed, especially 
that which is too often used by careless farmers 
— we refer to the sweepings of the hay -loft. The 
roadsides, the hedgerows, unclean land on an 
adjoining holding, all contribute to the labour 
of Buppre<iBing weeds on a farm which is well 
managed, and nothing is more essential in clean 
farming than the extension of the labour of 
weed suppression to every hedgerow and to the 
sides of the road which adjoin the farm. 

Why Weeds Need Suppression. 

Weeds occupy the space which should l>e in the 
possession of cultivated plants. It is obvious 
that there is not room in a well -manured field 
for the growth of both weirds and crops. If 
weeds are numerous they obtain the mastt^ry, 
and while the crop is thinned, the soil becomes 
foul, entailing great cost in cleaning and feeding. 
Wee^ds rob the cultivated plant of the food which 
it needs, of the moisture which enables it to 
appropriate food, and of the light, which is so 
essential to healthy growth. There are weeds, 
like ramsen and meadow saffron, which com- 
municate their flavour to milk and butter, 
and which must at any cost be suppix^sst^d on 
land occupied by a dairy herd. Whert^ ww^ds are 
numerous and their growth rank, th(‘y clog the 
reaper in the process of cutting and tying the 


may be introduced to the land through the 
seed which finds its way from the stable or 
the cattle-house into the manure. Hay and 
straw commonly em- 
ployed for stock as |^l 

commonly contain a ^ - 

more or less im- 

portent proportion ^ 

of dried weed plants. ,* \\ 

which shed their ' ^ ^ \ 

seed. Grass seeds, 
loo. present in the 

hay, are frequently YlfKWp 

conveyed in the man- 

ure to the arable 

land; hence one 

reason in favour of 

allowing manure to ^ 

heat l^fore it is 

ploughed under the soil, for in the process of 
deoompoeitiem the seeds are destroyed. Where a 
com stack has been threshed, weed seeds are 
deposited in large quantities, and one of the 
commonest si^to on the average farm is the 
growth of dow and thistles around the stack- 
yaxd, or m the comer of the field in which a stack 
has stood. Mainr weeds are conveyed from the 
plaiit to the field by the wind ; others adhere to 


com, and not only are they the cause of frequent 
damage or even 
breakage of ma- 
^ ~ chinery, but they 

\ delay the work, to 

- great annoyance 

and disappointment 
of the fanner. 

xv vV \ weeds are 

^ \ allowed to have their 

. \\ W \\ W \ short time 

' they make the culti- 

vation of land for an 

WEBD BEADICATOB immediate crop prac- 

tically impossible. A 
foul field may necessitate the omission of a 
year’s cropping altogether, and this loss is 
increased by the necessity for several ploughings, 
with the object of exposing the roots of me 
weeds to the destructive heat of the sun. Where 
land is kept clean there is no necessity for 
summer falmwing of this character. Weeds har- 
bour many of the pests of the farm, those among 
the fungi as well as insects. Farm pests of the 
worst type are seldom dangerous on land which is 
kept clean and in good heart. A careful exami- 
nation of a truss of hay or a few sheaves of com,’ 
whether wheat, barley, or oats, will quickly inform 
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the student of farming how easily weed seeds are 
intitxluoed into the soil and how difficult it is 
to suppress their growth in the existing state of 
our knowledge, except by persistently follow'ing 
the ordinary plan adopt^ in cleaning land. 

How to oupproM Weed*. One of the 
most prominent and destructive of weeds is the 
yellow -flow'ered charlock, or kedlock, or wild 
mu*tard, which many farmers have in the past 
attempted to destroy by “ heading ” — t.e., 
cutting off the head or flower with the scythe 
or hooK. This practice is most destructive and 
costly, and should never be adopted. The char- 
lock may be removed by hand -pulling, or, still 
better, destroyed liy spraying with a solution of 
sulphate of copper to which quicklime has been 
adaed. Preparations for spraying a variety of 
croj)s are obtainable from the manufacturers 
of spraying machines, and especiaDy of the 
Htrawson apparatus. 

Although it is possible by frequent ploughing 
at Hufticicnt depth to destroy docks, thistles, 
and nettles, anu similar deep-rooted, tenacious 
plants, by far the best plan is to extirpate 
them by hand. Annual weeds are easily 
destroyed by harrowing during dry weather, 
and in large part checked by the introduction 
of a flock of sheep, especially on the stubble 
after the removal of the com, with the object 
of their consuming the weeds before the majority 
have shod their si^. It has been remarked that 
the poppy, the most gaudy as well as one of the 
worst of weeds, may proclucc over 10,000 seeds 
on a single plant ; hence the enormous importance 
Df preventing the seeding of this weed. 

Weeds and Cultivated Land. Weeds 
which love wet soil quickly disappear when 
it has been drained, while by the process 
of high cultivation — by which we mean the 
liberal supply of manure — most of the weeds 
in pastures and meadows vanish, owing to what 
we may term the btdter fighting power of the 
cultivated grasses and clovers, which, in response 
to an inci'eased supply of food, develop more 
rigortius powers of growth. Thus the wild 
plants, common in a poor pasture, disappear as 
the pasture improves. Moss is seldom found 
in a grass field in high cultivation. The butter- 
cup w'hile thriving in a rich soil side by side 
with the cultivated grasses, quickly diminishes 
under the influence of lime, w’hether applied as 
quicklime or in the form of basic slag. 

The Most Obnoxious Weeds of the Farm 
A — Annual. B = Biennial. P = PereunlaL 


AmUe. 

Com Cockle, A. 
Chickw^eed, A. 
Cliarlock, A. 
Wild Radish, A. 
Willow-weed, P. 
Coltsfoot, P. 
Mayweed. A. 
Oxeye Oaisy, P. 
Bindweed, P. 
Knot Oraas, P. 
Nettle, P. 

Dock, P. 
Ooosefoot, A. 
1378 


M eadow and Pasture, 
Rest Harrow, P, 
Buttercup, P, 

Daisy, P. 

Hogweed. B. 
Knapweed, P. 
Cowslip, P, 
Dandelion, P. 
Self-Hesd, P. 
Plaintain, P. 

Sonal, P. 

Doc^ P. 

Ladies' 8mock, P. 
Ladies* Bed Straw, P. 


Arable, 
Horsetail, P 
Poppy, A. 

Spurrey, A. 
ShephOT’s Purse, A. 
Groundsel, A. 

Sow Thistle, P. 


Meadow and Padvre, 
Ragwort, P. 

Spear Thistle, B. 
Marsh Thistle, B. 
Meadow ThisUe, P. 
Yellow Rattle, A. 
Blallow, P. 


Dodder (clover fields), A. Meadow Saffron, P. 
Broomrape (clover fields), Ramsen, P. 

P. Sedge (wet pasture). 

Rush (do.), P. 

Moss (do.), P. 


P. 


PASTURES AND MEADOWS 
Distinction Between Meadows and 

Pastures. A pasture is permanent grass- 
land used for the grazing of stock. Meadow 
land, on the other hand, equally permanent, is 
land which is usually mown, and subsequently 
grazed, although, where it is again intended to 
mow the crop, stock should not remain upon it 
after the first week in February. In some districts 
it is customary to mow a meadow in alternate 
years, grazing during the years between. Pasture 
land, upon which stock are fed with cake or 
com. may improve in quality from year to 
year, for the manure they produce is all retained, 
while its value is improved owing to the extra 
food consumed. Thus the animids may return 
to the land a larger amount of fertilising matter 
than they extract from it. Further, the con- 
tinual treading of stock keeps it compact and 
induces the finer grasses to grow stronger. 

If the herbage of two fields of identical 
character — the one being a pasture and the 
other a meadow — is examined, it will be noticed 
that it differs in variety and character. If, too, 
one part of a meadow is skilfully manured from 
year to year, and the other part unmanured, 
it will be recognised that a great change has 
been effected in the composition of the herbage. 
On the unmanured land the plants grown 
will lx* in greater variety; there will be more 
weeds and fewer grasses and clover. On the 
manured land the number of weed plants will 
be diminished, while the number of clovers 
and grasses will be increased. 

The Improvement of Meadows. 
Where meadows are mown annually, they may 
still be enabled to improve in quality under a 
regular and well-devised system of manuring ; 
the soil will thus increase in its fertilising value, 
while both the quantity and the quality of 
herbage will improve. Some years ago the 
writer was shown the experimental grass plots 
at Rothamsted by the late Sir John Lawes, 
who especially remarked on the varied cha- 
racter of the herbage upon each, as well as 
upon the remarkable influence which the 
manures had exerted. Over a period of years 
heavy manuring upon various plots had resulted 
in the increase of the hay orc^ to some 3^ tons 
per acre, whereas, where no manure was em- 
ployed, the crop only just exceeded 1| tons. 
Again, over a period of seventeen years, the total 
quantity of hay produced by emplpyinent 
of large dressings of superphoipliate, nitrate of 
soda, sulphate of ammonia, sulphate of pota^ 
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and sulphate of soda, reached from 62 to 72 owt. 
per acre, while the addition of silicate of aoda 
moreased the crop to 85 cwt. 

Manurinf and Hay. To these facta 
we may add that the composition of hav, from 
a feeding point of view, is also changed where 
manuring is systematic. For example, the 
employment of farmyard dung was followed by 
a marked increase in the composition of the 
crop in potash and phosphoric acid and a 


coarser nature. The best pastures are in the 
lowlands, especially in river valleys, on rich 
marshes and alluvial soils ; and here it is oua- 
tomaiT to feed off the crops with cattle. On 
the other hand, the poorer {matures are on the 
uplands, of which the downs are an example, 
and here sheep are employed with the same 
object ; but it is seldom that we hear of either 
upland or lowland pastures being manured with 
dung or artihcials. Owing to the shortness of 


decrease in nitrogen and 
lime. We have already 
shown that the varieties 
of plant growing on 
manured land are re- 
duced in number. At 
Rothamsted, while the 
grasses proper never formed less 
than some 50 per cent, of the entire 
herbage, they reached on one plot 
99 per cent. The leguminous, or 
clover, herbage never exceeded ^ 

40 per cent., but in one instance 
there was positively no clover at all. Again, 
the remaining herbage, chiefly consisting of 

weeds, >va8 so large upon one plot that it reached 
40 per cent., and so small upon another that it 
did not reach 1 per cent. If, therefore, by the 
intense farming of grass-land weed plants can 
be produced and clovers increased to the extent 
to which these figures point, it is obvious that 
the benefit to the farmer from the point of 
view of quality may be as great as that from 
the point of view of quantity. 

When Grass-land is Profitable. 


the roots of the grasses and their 
consequently diminished power of 
extracting mineral foods, it is 
essential that, from time to time, 
the chief mineral fertilisers, potash 
and the phosphates, 
should be supplied if 
the land is to produce 
good crops. If nitro- 
genous manure is em- 
ploytKl, the grosses will 
CHAIN HARROW rospond to it, but at 

the expense of the 
clovers, which are of high value os food, unless 
phosphatic manure forms part of the dressing. 

To Got the Best from Land. Although 
the average British hay crop is only 23 0 cwt., 
and the average English crop 24 cwt., a 
IJ-ton crop corresponding to 5 tons of grass, 
it must not be supposed that it is impossible 
to exceed this quantity on soil of average 
quality. It is customary among farmers to 
depreciate the value of the land they occupy ; 
but there is very little land in this country 
which is farmed for a livelihood which could 


Grass-land can make no profitable return unless not he immenstdy improved and winch would 

it is well cultivated. There are tens of thou- not grow much larger crops by good manage- 

sands of acres within easy distance of the ment. 

metropolis which do not make a gross return of What do we mean by this term ? Simply, 
£5 a year, and yet, under other systems of that the grass must be fed with manure, th(^ 

cultivation, this same land is equal to the pro- fields in which it grows kept in rational 

duction of ordinary crops worth, at least, condition, the drains kept open, the diU^hes 

double the money. In many cases market cleaned out, the fences maintained, and the most 

gardeners and nurserymen very largely exceed obnoxious weeds permanently removed — we 

this figure, and there is little doubt that in some refer in chief to such as the thistle and the dock, 

as much as £1,000 per acre is returned per annum for time and manure alone will cause a suppres- 

by the aid of glass on the same class of soil. sion of weeds of a less marked character. In 
The growth of grass for hay on heavy the early spring grass-land neesds harrowing, 

land is best stimulated by annual dressings A by which means moss is pulled up, the 
of dung and artificial manures ; 5 tons of soil aerated, embedded stones brought to 

dung with i cwt. of nitrate of soda and the surface for picking, the droppings of 

2 owt. each of kainite and superphosphate, cattle spread, and the land prepared for 

or 4 cwt. of basic slag — the latter where broadcasting artificial manure. Before 

the land is in need of lime — will rolling— a very necessary opera- 

quickly improve the poorest grass ' iwi ... tion, for grasses like a solid bed — 

fields, and, as year succeeds year, triangular form of stones must be picked up and 
convert land which is almost bar- thorn hedge carted away, and mole-hills and 

ren into a comparatively luxuriant anthills levelled. A field is then 

pasture or meadow. For ordinary purposes, ready for the scythe as soon as the crop is grown, 
meadow land in fairly good condition may be Irrigation. Grass - land is occasionally 
maintained by the annual application of 1 cwt. irrigated and maintained as a water-meadow, 
of nitrate of soda with 3 cwt. of superphos- but the cost of preparation is considerable, 

phate, or 5 cwt. of basic slag. hence the system is unpopular. Under a normal 

A pasture is not so easily exhausted as a system of irrigation the water is turned on to 

meadow from which the *crop is annually the land, over which it runs through channels 

removed, and for this reason it is seldom made for the purpose during late autumn and 

manured. Grazing promotes Uie growth of the winter, when, owing in part to the fact that the 

finer grasses, and the diminution of those of a water is moving, and in part to the further fact 
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Uifti it \» charged with oxygen, the grans in in* 
diioed to grow during eold weather. In spring 
the water w turned off, preparatoi^ to the 
growth and harvesting of the crop, auer which 
the land is again irrigated, that a second growth 
may be encouragiKl for feeding stock in autumn. 
A aiudent of grass and hay production w^ill 
ieam mu<*li by inspecting a well*managed system 
of w'ater- meadows, which hi^ may be able to 
apply to his own farm should it be situated in 
such a position tliat irrigation may be possible. 

L»a7ing down Land to Graoo. Many 
of our permanent pahtures have lMH?n under 
grass from prc*histonc times, (grass land, how- 
ever, is fnt<{uentiy ploughed up and planted 
with arable crops ; but it is provided in most 
leases and agreements that the ploughing of 
permaxumt pasture is at the peril of the tenant, 
who is h(*avily penalised. It is much more 
common, however, to lay land down to pcT- 
manent pasUirt', although sfime years must 
elapse before it can be regarded as first-rate, 
however well the work may l>e managed. 
Preferably the crop in the previous year should 
lie roots or potat<*es. An opportunity is thus 
given for both cleaning and manuring the land. 
If the root cTop consists of turnips, it may lie 
fed off by shwp which are well supplied with 
cake and corn. In this way the drojipings will 
furtlier enrich the land and still Ix'tter prepare 
it for nourishing the young grass plants in the 
follow ing y<‘ar. In some cases land intended for 
grass is Imre-fallow'ed — t.c., it is cleaned, and 
no crop is grown. 

In all casi»H success depends upon the clcanli- 
n'‘ss of the land, sufiiciontly deep ploughing. 


fine tilth, a firm bed, and good seed. Care 
should be taken, especially where sheep feed off 
a turnip crop, that the manure they have 
dropped should be kept near the surface, so 
that deep ploughing should have preceded 
the sowing of the turnips, while subsequent 
ploughing should be shallow. This will ensure 
a firm and yet sufficiently fine seed-bed. The 
surface cannot be too fine, nor, subsequent to 
seeding, too compact. Many experienced 
farmers prefer to sow grass and clover 
seeds for permanent pasture in a wheat 
crop, especially for the reason that, owing 
to the lapse of months since the wheat was 
sowTi, the bed will 1x3 firm. If, before sowing, 
the wheat is hand-hoed — although this is a 
costly operation — and subsequently harrowed 
in fine weather for the destruction of small 
weed plants, a grass seed-bed will be prepared. 
The sfX3d may be sown with the barrow, as 
elsewhere described, covered in with very light 
harrows, and subsequently rolled to complete 
the proce8.s. 

It is probable, however, that the majority of 
skilled farmers sow their grass seeds in spring 
com — barley or oats ; but whatever the practice, 
the suppression of w’eeds, the provision of fine 
surface tilth, and a compact seed-bed, are 
imperative. It is obvious that the seeds should 
not only be of high germinating power, but of 
great purity. In the chapter on grasses will be 
found suggestions for seed mixtures. The 
seed should be sown and the whole operation 
completed in fine weather, tramping on a 
grass seed-bed in w’^et weather, espoeially if 
the soil is heavy, being disastrous. 


Continued 
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By JUSTIN 

LJ ANNIB AL had another great encounter with 
^ ^ the Roman army at Cannse ; and, with com- 
paratively little loss to himself, he so completely 
conquered the forces of Rome that after a while 
the battle became a mere slaughter of the 
Roman soldiery. This proved the turning-point 
in his career. The Romans, though defeated 
in three battles, had still ample resources, and 
their defeats only filled them with greater 
resolution, and nii^e it the patriotic duty of 
every Roman to help his country, at any personal 
sacrifice, to recover her ascendancy on the 
field. 

Hannibal. Hannibal understood the situa- 
tion quite well. He knew that the Romans could 
create army after army to maintain their power 
in Italy, and he called upon his own countrymen 
to sustain him with the needed supplies. The 
Carthaginians, who had little natural inclina- 
tion for war, began to grow tired of the demands 
made on them for reinforcements. Although 
he never wasted his means or his men, Hannibal 
soon found that by no effort on his part could 
he hope to carry on the war under the limited 
conditions his countrymen were imposing on 
him. He spent a winter in Capua, which, 
although an Italian city, said to have been 
founded or colonised by the Etruscans, had 
gone over to Hannibal's side after the battle 
of Cannae. Capua was then especially famous 
for its riches and its extravagant luxury, and the 
legend passed into history that in the delights 
of that winter refuge the soldiers of Hannibal, 
and even Hannibal himself, became enervated 
by a manner of living previously unknown to 
their frugal habits. 

To this day Capua remains a synonym for 
idleness and luxury, and the commonly accepted 
legend is that Hannibal and all his forces never 
recovered their strength after that Capuan 
winter. There seems no reason to believe that 
any such effect was produced upon the General 
or those who bore arms under his command, 
for Hannibal subsequently gained many 
victories over Roman armies. It is quite 
certain that the interval of rest at Capua had a 
decided effect upon the Romans and the 
Carthaginians alike. 

A Change of Tactica. The Romans 
began to find that they had made a great 
mistake in their plan of military operations, 
that they had undervalued the genius of 
Hannibal aa a commander and the strength of 
the army which acted under his direction. It 
became clear to them that by opposing in the 
open field successive great armies to the army 
of Hannibal they were giving to the invader the 
best possible chimoe of succeeding in his project. 
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Such a course of action deprived them of all 
the advantages they might have had from the 
physical difficulties which the country offered to 
the progress of the invader. They found that 
only by sudden surprises, by keeping always in 
the field a large number of comparatively 
small armies, strong enough to make his 
progress impossible through rt^gions where the 
mountains hemmed him in here and there, 
and by thus thwarting every move he might 
attempt, could they render his final sucooss 
impossible. “ In one small path a thousand 
might well be stopped by thrtH\” says a hero 
in Macaulay’s “ Lays of Ancient Rome.” The 
Roman leaders of Hannibal's day prepared to 
act on these principles, and to bring up forces 
enough to stay his progri'ss in every difficult way. 

Hasdrubal. Hannibal began to see that 
the resources of the Romans were far greabu* 
than he had supposed them, and that the 
moment one Roman army was defeated, with 
whatever amount of loss, anothiT Roman army 
as large, or larger, was soon in the field. He 
found also that many of the Italian States which 
had been subdued by Rome were now rabying to 
her side against the foreign invasion, and wore 
daily rendering his ultimate success more and 
more difficult. His military strength was l>c- 
coming gradually diminished, and his own people 
at home seemed little inclineil to continue 
to send him men and supplies enough to give 
him any hojie of ultimate victory. He was ex- 
pecting with inUrnsc anxiety the arrival of his 
brother Hasdrubal in the north of Italy. Has- 
drubal, who was a brilliant soldier, succeeded 
in crossing the Alps and marching into Italy in 
order to come to Hannibal’s aid ; but he was 
defeated by the Romans, his army was almost 
cut to pieces, and he met his death in the battle. 

An Interval. This event pra(;tically put an 
end to all chance of Hannibal’s success in his 
tremendous undertaking. He apyicars now to 
have given up for the time all hope of offensive 
operations, and his only purpose was to maintain 
himself in a mountainous region, and there await 
the possibility of events. The fact that he was 
enabled to hold his ground for nearly four years 
proves how much the military strength of ^me 
must have been diminished by so many battles. 
But Hannibal knew well that the interval 
of comparative cessation from great military 
operations on both sides was only giving to the 
Romans all the better opportunity for organising 
new armies, and marshalling them to the defence 
of their country. 

The Romans were now preparing to turn the 
tide of war by the invasion of Garthage, and 
Hannibal had to cross over to Africa in order 
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to take the lead in resisting this new enterpri^^. A 
great battle wae fou^t at Zama, between Tunis 
and Algeria, in North Africa. The Roman army 
was commanded by Publius Scipio, one of the 
most brilliant Roman generals of his time. The 
("arthaginian army was (completely defeated, and 
HanniM himself only escaped with a fragment 
of his forc(w. The struggle was now practicaUy 
over, and Carthage appeared to be almost at 
the mercy of the invaders. 8o complete a turn 
in the fortunes of a great war is not often 
recorded in military history. Hannilml appears to 
have risen at once to a full comprehension of the 
actual condition of things, and he was earnest 
in his endeavours to bring about terms of peace 
between the Homans and his own people. 

The Destruction of Carthage. The 
leaders of the opiwsing States on both sides 
were probably alike anxious to bring this 
long w'ar to an end. Scipio, when he returned 
to Rome, received all the honours which the 
State could give to such a conciueror. To 
his name of T^blius Scipio was added that of 
Africanus, in honour of his African triumph. The 
(festruction of (.arthage w'as practically accom- 
plishiHl, and its inhabitants had already been 
compelled to abandon their capital city and 
settle where Ih'hI they could several miles inland. 
Thus was realised the declaration of Cato the 
Censor, the c(‘lebrated soldier and scholar, who 
had b(M*n one of the Roman deputies sent to 
Africa to assist in the final treaty between Rome 
and (Carthage— the dendaration often repeated 
by him that Carthage must l)e destroyed, 
Delendn eM Carthago > Thenceforward the whole 
Carthaginian region bec^ame a province of Rome, 
llie city itself nunained a ruin f(jr more than 
30 years, and thtm was restonMl as merely the 
capital of a newly created Roman colony. It 
had still some position in history, and will have 
to be mentioned again at a later period. 

Roman Progress. Rome was now called 
the ruling Pow'cr of the Western world. She 
ruled over Spain and Greece*, as w'oll as Italy. 
Her power extended from the Spanish coast into 
the heart of Asia Minor. She was making dis- 
tinct and rapid progn^ss in political affairs and 
in civil life generally, as well as in the business 
of w’ar. The effect, however, of her recent 
conquests upon the condition of her internal 
affairs was in many ways just that which invasion 
and conquest cominonlv produce on the home life 
of the ruling nation. Luxury and extravagance 
of all kinds were fast banishing the simplicity 
and the moderation of former (lays, and were 
beginning to threaten the liberty of the people 
and the principles of the Roman constitution. 
The adventurer who had made money by the 
pillage of subdued peoples was becoming a power 
and a subject of imitation and emulation at 
homo, and even when he held no place in the 
State was often able to exercise a most pernicious 
influence over public affairs. Certain families 
became possessed of enormous wealth, while the 
humbler orders of the people were growing poorer. 

Then arose some great reformers. TVo of 
these — the Gracchi — will ever be renowned in 
history. These brothers were the sons of the 
ISS2 


celebrated Comelii^ daughter of SciiHO Africanus, 
one of the most gifted and accomplished women 
of her time — a pattern of domestic virtue, who had 
watched with untiring (jare over the education of 
her two sons, whom she was destined to survive. 
Tiberius Gracchus, the elder of her living sons — 
she had many other children, all of whom died 
at an early age — was deeply impressed by the 
condition of the poorer population in Rome. He 
saw how the condition of the State was rapidly 
degenerating. He saw that reform in the con- 
ditions of holding land must be the first measure 
of improvement in the condition of the poor. 

Proponed Redistribution of Land. 
Rome had of late come to possess a vast terri- 
torial property, but the land had been practically 
appropriated by the nobles and by those men 
who, l^longing originally to the poorer classes, had 
contrived to enrich themselves in war and by 
war speculations. The policy of Tiberius Grac- 
chus was that the State should once again take 
possession of all the lands thus appropriated, and 
divide them anew in such a manner as to enable 
the jioorest men in the State to have some share, 
however small, of these Roman possessions. 
There was already actually in existence a 
public law which forbade any individual to 
possess any more than 500 acres of public land, 
the Roman acre being only about half the extent 
of the acre according to modem English measure- 
ment. That law, however, had been entirely 
neglected during the rush for land among 
tb(‘ Patricians, when recent invasions and con- 
quests had given them opportunity for such a 
contest. Tiberius Gracchus, while proposing to 
re-divide the national landed property, proposed 
also to pay an indemnity to deprived landlords 
for any money actually expended by them in the 
improvement of the land. These reforms were 
fiercely resisted by the Patricians and all their 
supporters and dependents. Fierce riots were 
the result of this contest, and Tiberius Gracjchus 
was killed on the very steps of the C^itol. 

The Mantle of Tiberius Gracchus. 
Then came the public career of his brother, 
Caius Gracclius. He was elected Tribune, anci 
be adopted his brother's plans of reform and did 
his best to cany them out. Indeed, he did not 
merely his best to realise all the reforms which 
his brother had undertaken, but went even 
farther in the same direction ; and his influence 
was so great with the people that for him to 
propose a measure was to secure its success by 
the popular vote. He succeeded in depriving 
the Senate of some of the exclusive privileges 
which they held most dear, and accomplished 
many important alterations in the judicial 
system of the State, tending to make the 
administration of the public laws less of a 
monopoly in the hands of the Patrician order. 

He was elected Tribune for the second time, 
and then the Senate endeavoured to put into 
execution a rather ingenious plan, or rather a 
plot, for the undermining of his influence with 
the people. They prevailed upon cme of his 
colleagues in the Tribuneship — it was commonly 
believed by rewards and other corrupt means — 
to propose measures of reform far more extreme 
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and revolutionary than Cains Gracchus, with 
his statesmanlike judgment and desire for the 
common good, ever thought of adopting 
or recommending. There was at that time 
arising from the influence of the Gracchi them- 
selves a thirst among the people for revolution 
rather than reform, and among those who had 
hitherto strenuously supported the measures of 
Caius Gracchus was a considerable proportion 
of men who began to regard their former leader 
as behind the age in bis political reforms. 
The immediate result of this secession was that 
Caius Gracchus failed to secure his election as 
Tribime for a third term. As soon as this had 
been accomplished, and when,under the influence 
of the secession, the Patrician order had obtained 
a more submissive personage to hold his place, 
the Senate began to w'ork for the repeal of some 
of the reforms which he had succeeded in carrying 
into law. 

Reaction. Caius Gracchus was not the man 
to put up with these attempts, and he presented 
himself publicly in the Forum to oppose and 
denounce the schemes of his enemies. The 
Forum was crowded, and a furious riot took 
place, in which the supporters of the Patrician 
order were again able to •win the day. Some 
3,000 of Gracchus’s supporters were killed in the 
fight, and Gracchus himself was compelitMi to 
fly for refuge to a neighbouring grove, a grove 
which, ominously enough, had been dedicated to 
the Furies. There, seeing no hope before him, he 
took counsel of despair. He had with him as his 
sole companion a devoted slave, whom he 
ordered to kill him. The slave obeyed, and 
having killed his master, then killed himself. 
A reaction in the popular feeding against Caius 
Gracchus soon set in when the news went abroad 
that the once popular Tribune was dead. The 
Plebeians broke out into renewed admiration 
of their former advocate and hero, and endea- 
voured to show their contrition by raising 
statues to both the brothers. The mother of 
the two Tribunes long outlived her sons, and 
when she died had her tomb inscribed with 
the words : “ Cornelia, mother of the Gracchi.” 

“ The last of the Gracchi,” said Mirabeau, 
the great Tribune of modem days, ” when 
dying flung dust towards heaven, and from that 
dust sprung Marius.” Marius seemed, indeed, 
as if he had come into the world to avenge 
on the Roman Patricians, and on those who 
supported them, the wrongs done to Tiberius 
and Caius Gracchus. Marius was a man of 
humble origin, bom of a poor family in a pro- 
vincial village. He was brought up with little 
or no education, but he began early to show 
bis great capacity as a soldier, and served with 
distinction in many battles. He soon proved 
that be had a much higher military genius than 
was necessary for a common soldier, and that 
Nature had int^ded him for a great commander 
in the ordering of war. 

Marius. It became known to the general 
public that his political sympathies went much 
with the Bufiering Plebeian order, and he was 
elected Tribune of the people. He still, however, 
carried an his military worn, and served in Africa 


durix^ the war against Ju^rtha, King of 
Numidia, in North Africa; and, indeed, Marius 
was mainly instmmental in bringing that war 
to a close, after which Numidia became a 
subject country or province of Rome. Marius 
in his civil capacity endeavoured to introduce 
certain levelling acts of legislation which greatly 
angered the Patricians. As generally happens 
in such a career, he did not go far enough in 
his levelling policy to satisfy all the demands 
of those who were following him and urging 
him forward. On the other hand, he con- 
ciliated to a certain extent the favour of the 
Patricians by a marriage with a woman of their 
own order. He became the husband of the 
Patrician Julia, grand-aunt of Julius Ca[>sar. 

Tribal Warn. New wars broke out with 
some of the Teuton races, and the Cimbri who 
had settled in the Peninsula, a narrow strip 
of land running between Hellespont and the 
Gulf of Meleis, a river of Thrace. These tril)e8 
were making frequent invasions into Gaul, then 
regarded as a province of Rome, and tho}^ 
actually defeated five Roman armies. Marius 
was then in Africa, but Rome summoned him 
back to undertake the work needed for the 
defence of the Republic. Marius hastened to 
Italy, and prepared to encounter the Cimbri. 
He was completely victorious over Cimbri and 
Teuton alike, and the carnage amongst the 
defeated combatants appears to havt^ been 
something like a massacre. 

Marius returned to Rome witli all the pride 
of his later victories to stimulate him. His 
ambition was not satisfied, although ht^ was 
appointed to the office of Consul for several 
successive years, not because lie was occupied 
in consular duties, but morel;y as a re\\'ard for 
his services in war. There was a now struggle 
between Marius and the Patricians, and the 
Patricians adopted as their candidates a wcli- 
known personal enemy of his. Marius had by 
this time become the hero and the idol of the 
people. H^ was popularly proclaimcid os the 
saviour of the States, and hailed as the third 
founder of Rome. He was made Consul for the 
sixth time. 

Sulla. But a rival was now arising, a man 
destined to leave his imprint on the history 
of Rome. This was Lucius Cornelius Sulla, who 
belonged to a Patrician family. He had had a 
good education, possesserl a strong love of 
literature and art, and had lieen a close student 
of the literature of Greece as well as that of 
his own country. Like most young Patricians, 
he entered upon a military career ; he served 
under Marius in Africa, and showed from the first 
a remarkable capacity for success in the field. 
He was a^an of strong ambition, and it has to be 
added that his life all through was much darkened 
by sensuality and even debauchery. Ho took 
service under Marius in the Vars between the 
Romans and their enemies the Cimbri and the 
Teutons; and in these wars, which spread 
over a period of more than two years, he won 
for himself so great a reputation that Marius 
soon became jealous of bis tame. Disputes arose 
between them, and Sulla ceased to serve under 
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the commander within whoee ranks he had risen 
so high. He accepted a position in the forces 
led W another general, and after a while ob- 
tainea the chief position in that army for 
himself. 

Rivalry between Sulla and Marius. 

After the return of Sulla to Rome the rivalry 
between him and Marius began to make itself 
more distinct and dangerous. The Patricians 
took him up eagerly, partly because be belonged 
to their order and partly because bis talents 
and his celebrity seemed to mark him out as a 
I»oworful champion of their cause in the political 
struggle then going on. New wars broke out 
in foreign countries ; Sulla had many oppor- 
tunities of winning success as a commander, 
and the greater his success in the field the ^eater 
became the admiration displayed for him by 
the Patrician order. Marius was now no 
longer young, and his rival had all the 
advai.tage of comparative youth. The struggle 
l)etw(5en the orders soon Ixjcame a civil war, 
and at first the tide of fortune set in w'holly 
against Marius, who had to fly from Rome. 
He found refuge, after many dangers, by making 
his way into Africa. 

In the meantime the friends and followers of 
Marius in Rome were not idle, but made every 
preparation for his restoration to his former 
place as the leader of the iKipular order. His 
most active and pow’erful friend in Rome, 
Lucius P^imelius Cinna, exerted himst^lf to 
the utU*rmost for the complete overthrow of 
the Senate and the Patricians, and for the 
recall of Marius to Rome. These efforts were 
defeated at first, and Cinna had, for a time, 
to leave the city ; but he soon returned and 
organised a {lopular rising in support of his 
plans. Marius came back to Italy, and, in co- 
operation with Cinna. led an invading array 
against Rome. The city had to yield under 
the sudden pressure, and Marius had now 
ample opportunity for satiating his revenge 
upon the aristocratic order. He behaved as, 
even in those wild days of W'arfare, no foreign 
and conquering invader would have done. 
During the greater part of a wot^k he employed 
his slaves — not his soldiers— in a massacre of 
the Patricians in Romo. Now, indeed, it would 
st^om as if the handful of dust thrown up tow ards 
lu^aven by the last of the dying Gracchi had 
wrought its full vengeance in the success of 
Marius over the Patrician order. The success, 
however, did not last very long, and Marius 
died soon after. 

Sulla's Triumph. But Sulla was yet to 
come. He entered Rome in triumph and 
utterly crushed for the time the followers of 
Marius. Later he won victories ov^ foreign 
enemies also, returned to Italy, and became 
master of Rome. The State was now 
thoroughly weary of the civil struggles which 
had going on so long, and seemed, above 
all Uiings, to yearn for an absolute master. 
Sulla was created Dictator, supreme ruler of 
the State. And then followed a period of 
proBoripttona, a real reign of terror. He crushed 
his enemies without remorse. During his rule 
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some great reaotionaiy changes were aooom- 
plished his authority, all naving for their 
object to restore, and even to enlarge, the 
power of the Senate and Patricians. 

Sulla's supreme position induced him to indulge 
to the full all his love of sensual excesses; 
he wore out his physical strength in reveW 
and debauchery, and died soon after while still 
in his prime. He had hardly been laid in his 
grave before the preparations began for new 
constitutional changes and for the resurrection 
of the democracy. It will be seen that during 
all this period every chance for the establish- 
ment of some settled form of constitutional 
government, with legal equality for all classes 
and the maintenance of civil union, had been 
blighted by the unceasing succession of wars 
against other Italian States and against foreign 
rders. Even if there had been great and en- 
lightened patriots at home to carry out the 
much needed changes, it would have been 
hardly possible for such men to accomplish 
their peaceful revolution while the State was 
still distracted by these foreign enterprises and 
civil wars. 

The Coming Man. The tendency of things 
seemed to point to the necessity of some man 
arising who could make himself for the time 
supreme master of the whole government of 
Rome. The people were becoming weary of 
the incessant strife at home and abroad, and 
especially of the continual struggles between 
this faction and that to obtain the mastery 
over the Roman people. 

They were beginning to feel that they could 
gladly welcome the rise of any Power, even 
of an Imperial Power, which could promise 
them a quiet and steady existence, and 
allow them to carry on their ordinary 
daily lives in peace, without the exaction 
of enormous taxes for the maintenance of 
armies, the reckless waste of public money, 
and the ruin of civic interests in the struggles 
of rival orders. Kings had been tried ; consuls 
had been tried ; tribunes had been tried, and 
nothing thus far had been established — for a 
change in the form of government does not 
necessarily carry with it any actual change in 
the political conditions of the State. 

All the provincial States of Rome, the States 
not actually Roman by population and by race, 
were feeling keenly the exactions and oppres- 
sions imposed upon them by war, and were 
sometimes willing to join even a foreign enemy 
in the hope of obtaining better conditions for 
themselves. The time seemed specially adapted 
for the experiment of a dictatorship in the 
person of some man who had proved himself 
equal to a resolute effort at the remoulding of 
Rome's political condition, and who would not 
depend for his position or his opportunity on 
the support of one or the other order, one or 
other tactical, in the Roman Republic. That 
man was then living, and was dmtined before 
long to take his place. The hour was soon 
to come, and the man. 

Continued 
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from scutching flax, and comes in the opposite 
order. Cotton scutching is the last of a senes 
of preparing operations, bali^, openmg, 
and blending having come before; flax 
scutching is the first mechanical operation, 
if we follow the field method of retting. Yet 
the main act of both operations is the same. 
The old name of cotton scutching was batting, 
and the Egyptians scutched flax by batting or 
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the flax hm ^ ^ be divided 

into quantities called eleidkay aaoli weighing 
about a third of a poui^ty and up 
parcels of 14 lb. M this form the flax cultivator 
sends the fibre to the maxket» and sells it to the 
spinner. 

Cutting. When we open out a stone of 
fine flax, the first thing to be done is roueli 
sorting. This is chiefly done as preliminary to 

. , grooved pulleys on 

each side. We feed 
^ the flax into the 
. ^ ^ pulleys, so that the 

‘ ^ will cut off 

^ ‘ ^ W about a third of 

^ the length from the 

'jmmmmgM i*oot. The saw runs 
at high speed, and 
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the pulleys revolve 
slowly carrying the 
fibres against the 
blunt teeth of the 
saw. The root end 
is laid aside, and 
the remaining part 
is halved. We thus 


beating. Further, the scutching boater, working 
inside the cotton scutching machine, is just a 
miniature of our flax buffer, or l)eat(*r. The 
real explanation is, that while the former has 
become complex and applied to refined purposes, 
the latter has remained simple. 

Scutching is really two operations. First, 
there is the breaker or softener, and then the 
Bcutchor. But the breaker need not detain us 
long. It is simply the sot of fluted rollers 
already seen in the factorj^ method of retting. 
The sole difference liere is that the breaking 
is done more thoroughly. We jioss the root 
end of the handful of flax through, bring it 
back and send the top end through, softening 
and breaking away the fibres from the whole 
lei^th of the stem. 

The Scutching Machine. Now we come 
to the scutching machine. Seen standing still, 
it seems a primitive contrivance. On a spindle 
geared to high speed, five arms are fixed, like 
the spokes of a wheel, and on the end of each 
arm projects a fiat blade of hard wood. In 
front of the beater, and nearest the worker, 
is an iron stock, standing upright. The method 
of operating is equally simple, though not 
altogether without an element of danger and 
difliculty, calling for some skill. You take a 
handful of flax, and put on the drive. Thrust 
the flax in. root end firsts over the stock and 
within touch of the beaters, letting the stems 
go in as the beaters draw, till a little beyond the 
middle of the length, then pull out, reverse the 
stems, and soutoh the other end in the same 
way. Our handful is named a finger ; but after 


have three lengths of flax — the coarse and 
strong root ends, the fine and strong middle, 
and finer, but weaker, tops. Separately bundled 
in stricks, these pieces are ready for further 
operations. We leave them aside, meanwhile, 
however, because the great mass of the flax 
is not cut. Only the very highest class 
is dealt with in this way ; hand -scutched, 
Riga, and most home-grown qualities, go 
directly to the first hackling, or r&u^hing, as it 
is cali^. 

Roughing. Because this work has never 
been highly paid, the outside public have 
imagined that it is not much of a craft. No 
greater injustice could be done to any class of 
industrious workers. Many persons enjoying 
high salaries in more tavourkl trades would 
make very poor roughers. Deftness of hand, 
quickness of eye, and flexibility of muscles are 
called for at the work. The tool of the rougher 
is a strong hackling comb, consisting of a tin- 
sheathed stock I in. thick, into which are 
set strong steel spikes, 7 in. long, tapering to 
a fine point. Screwed into a board, larger all 
ways than itself, the comb is fixed to the 
end of the workman's bench in a slanting 
position, the points leaning away from the 
rougher. Opening out the bundle of flax, we 
take a portion between finger and thumb, 
flatten it out, and even the ends on the bench. 
In this way, a ** finger " is formed, the quantity 
being so named because it is as much as will lie 
oomrortably on fore-fin^r, and between it 
and the thumb. Grip fimuy by the top end, 
whip behind, like the lashing of a whip, to open 
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out tlie fibreB> then bring down on the comb, 
and poll through. 

Easy as the action seems, described in this 
way, much practice is need^ before dexterity 
is acquired. In addition, the rougher is re< 
quired to exercise his judgment as to the exact 
amount of work the will stand. Beginning 
near the end, the flax is thrown farther and 
farther into the comb, till near the hand ; then 
shift, bringing the top end to the comb, and 
work it through in the same way. When 
satisiied that the flbres have been combed out 
clear of dirt and rubbish, square the root ends 
on the touch pin at the side, give the bunch a 
twist over, and lay on the side of the bench. 
As roughing is usually piecework, quickness is 
a quality almost indispensable. Clear the tow 
from the teeth of your hackle and begin again. 

Hand Hackling. There are various 
reasons for hackling by hand, even in factories 
equipped with the very best machinery. The 
logic of the market drives even the proudest 
of old-established firms into new^ methods. 
Perhaps the best and most potent reason for 
the continued practice of hand hackling is the 
fact that for fine and special work the hand 
worker produces better results than the machine. 

The fii-st comb used by the hackler, as dis- 
tinguished from the rougher, is the “ common 
eight.” In this comb the teeth are finer, 
shorter, and closer together. But the mode of 
operation is quite different. Both hands are 
employed. Having selected 
the batch, lay the top on the 
backboard of the hac-kle and 
hold wnth the left hand; with 
the right draw down the 
fibres into the comb and pull 
through. Repeated till the 
flax is hackled, this opera- 
tion must be carefully done. 

Nothing is more common than 
for the novice to find all his 
fibre gone to tow — that is, he 
has hackled all his flax away, 
and his whole bunch is in 
the teeth of the hackle. But 
the expert knows just how 
deeply to let the fibre into 
the grip of the steel teeth, 
and what force to put into 
his pull. For fine yam, the 
process of hackling is carried 
much further. The “ fine 
eight ” is considered the 
oi^inary finisher, but the 
“ ten,” the “ twelve,” and 
the “ eighteen ” may be 
called into requisition. As 
the art of the hackler is 
practical, and dependent more on the ability 
of the individual worker than on anything else, 
directions are not of much use. The object in 
hackling is to retain all the long fibres and 
comb out the short fibres. An expert hackler 
will bring out a splendid tress of flax, cleared of 
tow, not having lost a single long fibre. The 
fibre adhering tc the hackling comb is called 


“ tow,** and the long fibres which survive tlie 
ordeal are named line.” Tow and line 
part at this point, to be separately treated 
and made into yam — perhaps to rejoin again, 
the former as weft and the latter as warp in the 
linen. We enter more deeply into that matter 
when wo deal with the far larger quantities of 
both kinds of fibre which come from the hack- 
ling machines. 

Machine Hacklint* Our object in 
hackling has been sufficiently indicated by the 
hand operation ; we can therefore proceed 
directly to the machine itself. It may be said 
that there arc several kinds of machines ; but the 
principle of all is the same, and. by taking the 
most important and complex, we include the 
others, saving the student a good deal of weari- 
some technicality. In general structure the* 
hackling machine is a square iron frame, under 
the top beams of w'hich hangs a railed bar, 
geared to move up and down and to and fro. 
In the centre are tw^o endless bands, carrying 
iron bars studded with spikes, strong and w'ide 
apart at one end and becoming finer and closer 
set towards the other end ; underneath, a sot 
of brush rollers ; and, in front, a long trougli, 
extending across the whole machine. 

By observing this machine [52J in o]x»ratio?i, 
we may better understand the details of its 
construction. 

The railed bar wo noted on the bead of the 
machine is the holder channt^l, and on it are 


set the holders — double plates of iron, 11 in. 
W 4 in., and held together by bolts and screws, 
lliese are taken down W the “ filler ” boy, 
and laid on bis bench. He has the stricks of 
flax, as they came from the rougher, and, un- 
screwing the plates of a holder, he lays one strick 
and then another, spread flat, on each side of 
the bolt. Having done this, he lays the other 
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52. BRUSH AND DOFFEB HACKLING MACHINE 
(Stephen Cotton A Co., Belfast) 



mmui nuoM 


Sorting. 


pUte on top and aorewB them firmly together. 

Corrugated indiarubber lines the insides of the 

E lates, to give them a hrm hold of the dax. 

n this way the lad fills all the holders, and then 
placets them on the holder channel in the 
machine. The fibres now hang, root ends 
downwards, like tresses of coarse hair. We are 
readv* and the machine starts. The motion of 
the long, horizontal hackling bars is always up 
on the outer side and down on the inner or 
centre side. The holder channel always brings 
the tresses of flax down the centre, between the 
hackling bars, and lifts them up again, at every 
lift sending the holder a stage along nearer the 
end of the machine. We have thus a double 
c^ombing motion, the endless bands of hackling 
bars pulling down and the holder channm 
drawing up. As the hackling bars emerge 
from action, their teeth are 
cleared from tow by the doffing 
brushes, from which another 
brush or doffing comb brings 
the tow into the trough at the 
foot of the machine. Some 
machines are doffed by bar- 
strippers alone, or by combined 
brush and bar doffing apparatus. 

When a holder has run the 
full course, the slide rack pro- 
jects it outside the channel, and 
the attendant lifts it off, and 
lays it on a l)ed, within which 
another holder lies ready. The 
pendant flax drops in between 
the open plates of the fresh 
holders, xxiiiizxiiiiixiitiiif 

1(11(11 H Ilf 111,11.1 g 



and 18 
loosened 
from those 
in which 
it has been 
hackled, 
the un- 
hackled 
portion 
lieing thus 
exposed 
Tliis new 
holder is 
screwed sy /m’Miuion iv 
tight, set 


LU 

ixxTixxxxFx X 


Hackled flax has a very ^ 
appearance, the long, silvery, or yellowish 
tresses clomly resembling silk in their sheen. 
Of course, a touch dispek the illusion, for tlm 
fibres, though soft, have not tbe smooth flexi- 
bility of the finer material. In this condition 
the flax comes to the sorters. Here, once more, 
the essentially primitive character of flax 
manufacture asserts itself. Sorting is a skilled 
craft, to be acquired only by practical experience 
under the tuition of a go^ workman, and by 
the cultivation of fine sight and touch. Let 
us enter into the spirit of the sorter at his bench. 
On the bench are placed in order a row of boxes, 
labelled 2 lb., 3 lb., 3^ lb., 4 lb., and so on, 
according to the old system, by which fineness 
was denominated by weight, not unlike in 
principle our method of determining the counts 
of yam. At the side of the 
bench stand two hackle blocks, 
one coarse and one fine, the latter 
being named the switch. From 
the ranged fibres the sorter 
selects a lock of flax, and deftly 
separates it with his fingers, 
touch helping him to determine 
t'xaetly the degree of fineness. 
With a quick motion he draws 
the fibres through the hackling 
blocks, one after the other, 
straightening out the slight 
tangling which may have re- 
mained after the hackling ; 
then, striking the projecting 
fibres from the root ends to 
m a k 
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64 , JUTE SOFTENKR 


in the channel, and the top end of the flax is 
hackled. Great care is required in the setting and 
working of the hackling machines. The endless 
band of hackling bars is stretched between two 
rollers — the lower one supplying the driving 
power and the upper one acting merely as 
support and carrier. If the hackling pins are to 
be efficient, they must intersect, the one set with 
the other. The measure of intersection depends 
on the thickness of the fibre, and the weight of 
the hackling bars in motion tends to make 
them sag and fall out of plumb. For these 
reasons the upmr rollers are adjustable, the 
tightening of the bands and the degree of 
intersection being regulated by means of power- 
screws set in the iron frame and working on the 
sockets of the rollers. 
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them 
square, he 
throws the 
“ line,” as 
■ we must 
now name 
it, into the 

box proper to its quality. 
From the sorter the various 
qualities of fibre are taken 
away, and labelled for use. 
These uses belong to a section 
of the textile process to which 
Mr. wm.Kidd,DHt>iUe wc must give Special and de- 
tailed study. 

DRESSING HEMPS 
Common Hemp. In the competition 
among the various fibres for the textile market, 
hemp has not been without faithful and ardent 
supporters. Hemp, say they, is among the 
neglected fibres ; there are possibilities in it 
which have not been utilised. At present the 
fibre is treated as a kind of inferior flax by most 
manufacturers, and this is objected to oy the 
partisans of hemp. After due consideration, 
nowever, of all that has been put forward in 
favour of hemp, we are bound to conclude that 
the practical judgment which places hemp in 
a miaway position between flax and jute remains 
justified. It may be admitted that hemp 
yields a longer and more uniform staple than 
flax ; but the advantage of a very Icmg staple. 



TKXTIUI TflAOM 


wi^ our present methods of spinning, is more 
than doubtful. 

We certainly welcome tlie rivalry of fibres for 
favour at the hands of the textile trade, because, 
whoever loses, the industry must lienefit. For 
example, we imderstand that the method of 
retting already described as the indoor or factory 
meth(^ was first adopted by users of hemp. 
In practical fact, with only slight differences in 
nomenclature, the processes of lu^mp and ffax 
manufacture are identical. The student, how- 
ever, must always be on the alert, and l)e ready 
to observe any improvements which may bo 
introduced into either process. It is quite con- 
ceivable that tlie ffax manufacturer might find 
hemp taking hold of his market, because, by 
an improved process, the hemp worker had so 
softenefl and refined his filirc as to claim the 
premier position. 

Manilla Hemp. The pre- 
paration of Manilla hemp is 
mostly done in th(5 country 
where it is grow^n, by native 
labour, and by hand. It arrives ^ , 

in this country in bales of heavy > . 

fibre. The lower qualities are 
hackled and scutched, but the ^ f 

higher gi^es are | 

passed directly on * 

to the spreader, or 
carder. At our pre- 
sent stage of study, 
therefore, wo have 



principle. Into this curious combination of 
drums and w’heels, the or leaves, are 

fed, to issue at the other side in streams of 
fibres. The leaves are stripjx'd by knivi« with 
turned edges in an endless band. Whatever 
may be the defects of this macliiue, it has cer- 
tainly shown, in a practical fashion, that the 
problem presented by the mechanical decortica- 
tion of long fibres is soluble. 

Having thus been made into a clean fibre, 
sisal is ready for the carder. 

New Zealand Flax. Tliis fibre is very 
long and coarse, and requires to be put into the 
teaser, a machine similar in structure to the 
wool teaser. When reduetd to managi'able 
proportions, the fibre is passt'd through tlie 
same treat ment as flax. 





/ 
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little to do w'ith 
Manilla hemp, Ix'- 
yond .seeing it opened 
out of the bales, the 
good separated from 
the bad or damaged, 
the latter sent to be 
treated along wath 
coarse flax or hemp, 
and the former 
shaken out and 
sorted for the 
carders. 




Sisal Hemp. 

Like Manilla, this 


55. FIBRE COMING FROM THE DECOBTICATOR 


hemp is brought into the state at which it can be 
dealt with by the carder before it leaves its country 
of origin. But there are circumstances which 
impart a special interest to the early preparatory 
processes of sisal. As already shown, sisal is 
derived from a fleshy leaf, the fibres being under 
a soft skin, w'hich must be peeled off. iSo long 
as there was no great demand for the fibre, the 
slow process of hand decortication was accepted 
as the best possible, but the huge demands of 
the American farmers for a cheap binder tw'ine 
caused enterprising manufacturers to look out 
for quicker methods. Previously, barley in 
this country, and hominy in America, had bc'cn 
decorticated, or husked, by a kind of iron 
grater device, and the hint was taken up and 
improved upon, with the result that a mechanical 
decorticator was contrived. As seen on ihe 
plantations at Yucatan, the decorticator [55] is a 
huge, clumsy structure, but it embodies the root 


JUTE 

BreaKing Down the Jute Fibres. 

Jute is a very long and thick fibre wh.?n it 
arrives at the factory, though enjiablo of very 
fine subdivision. At first, we made the mistake 
of trying to begin it on the carding maohire, 
and because it did not take kindly to the opera- 
tion it was sent down among the rough cordage 
and paper-making materials. However, jute 
w’as not to be dismissed in that way, and it was 
brought back among the higher fibres by the 
discovery, or application, of a very simple 
device. . By the application of oil, the roughness 
was got rid of, and by breaking, the hardness 
and thickness of the fibre w'as reduced. 

Batching. We expect jute to have beem 
cleaned by our fellow-subjects in India, and the 
firet thing we do is to open out che bales and lay 
out the fibres in stricks. This done, we lay it 
out for oiling. A mixture of oil and water 
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should first be mode up. Several reoifiw for 
the mixture are given ; but Uie best, tn om 
opinion, is the following: f ^ e 

i gaUon seal ml, i gallon mineral oil, 6 to 7 
gallons of water ; heat to 90°, spray the ml 
over each layer, and form a stack, then leave to 
itself for a period. 

Hand batching, though not wholly discarded, 
as outsiders are led to suppose, has been largely 
supplanted by a method which combines both 
batching and softening. 

Softening. The softening process is 
similar to that called breaking by flax-spinners. 
But the softening machines, especially those of 
old date, are tremendous structures, beside 
which all other breakers are mere trifles. Four 
tiers of ten rollers each, working one abQve the 
other, were those old machines. Modem 
. softeners [ 64 ], however, are smaller structures, 
though very long. The smallest has 13 pairs, 
and the longest 18 pairs, of fluted rollers. 
8omc rollers are fluted horizontally, but others 
have the deep corrugations made in a spiral 
form. Note the gearing of the rollers. It is 
fHXJuliar. Instead of being driven direct, the 
rollers have their sockets set so as to derive a 
rippling or reciprocating action. As the stricka 
are fed in, they are carried between roller after 
roller, and thus wrought upon by the recipro- 
cating rollers, gently and firmly softened down. 
When machine oiling is combing with softening, 
a spraying machine, containing oil and waU^r, 
is set on the machine, and, by the action of the 
rollers, is wrought into the fibres. 

Like flax and hemp, jute is assorted, weighed, 
and then sent forwai^ to the Ciarders. 

RAMIE 

Preparing Ramie. Before we can hope 
for cheap and effective methods of preparing 
ramie, the cultivation of the plant must be 
established on a proptw basis. Tlie fibres 
imported from the native growers of India are 
nt^^lessly difficult to deal with ; those from 
China are better, but not as well prepared as 
we would like. Stripped from the stems, 
tlic bark and inner fibre, glutxl together by 
the dried gum. are shipped hither to l>e spun. 
The bark is worse than useless ; having been 
allowed to harden, the gum is difficult to dissolve, 
though easily soluble when fresh. It is to bo 
hoped that, in the near future, the elaborate 
processes now necessary for the preparation of 
tlie fibre will be found unnecessaiy. 

Degummlng. For the dirty strips of 
Indian ramie the treatment is long and some- 
what intricate, involving rather the trained 
observation of the chemist than the practical 
skill of the spinner or mechanic. The process 
is a bleaching, cleansing, and degumming 
operation, involving no fewer than eight baths, 
as well as much water. The following are the 
stages of the process ; 1, steep in strong soda 
lye ; 2, lay in a bath of hydrochloric acid (this 
is a ferment, and the retting action must be 
carefully watched) ; 3, repeat number 1 ; 4, 
put into a bath of permanganate of potash ; 

5, wash out the last with h 3 mo 6 u!phite of soda 
mixed with hydrochloric aci^ to assist in the 
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The Chinese, who make the fibre themselveft 
into cloth, send out ramie in a clean and partially 
degummed condition. Our treatment is there 
fore much shortened. The usual process is as 
follows : 1, boil 7 hours in a solution of soda 
lye, then wash ; 2, steep 10 hours in chloride of 
lime solution ; 3, ret in a solution of sulphuric 
acid and vitriol ; 4, wash clean. This pr^uces 
a fine white filasse. By comparing the two 
preparatory processes, it will be perceived what 
an enormous difference even a partial degum ^ 
ming of the green fibre makes. 

Oiling. After passing through acids so 
strong, the fibre is harsh and dry. Any of the 
methods of applying oils to textile fibres may 
be adopted, but it must be thorough and yet 
free from clogginess. A very good mixture for 
oiling is made as follows ; to 15 gallons of 
water odd 2(X) grammes glycerine, 2(X) grammes 
Castile soap, 100 grammes white wax, 50 
gram m 38 tallow ; the water should be at 
boiling point. 


Filling. When ramie has taken its place 
as a great branch of the textile industry^ special 
machinery will be devised to deal with it. At 
present it can be very well treated by the same 
machines as those employed on silk waste. 

Taken from tha oiling batches, the fibre is 
fed on to the feed lattice of the filling engine, 
and is carried up to the spiky rollers, which 
drag and tease out the threaas. Beyond the 
topmost roller runs the huge filling drum, 
with serried spikea at intervals of 3 in. pro- 
truding. The slender points of the long row of 
spikes catch into the last roller and pull away 
the throcMls ; the next row comes round, and. 


W'hile helping the first, also takes a share of its 
own. Thus the great drum becomes clothed 
with • threads of fibre. When full, the cutter 
comes and cuts the threads at the root of each 


row of spikes, forming even layers of fibres 
3 in. or 4 in. long, according to the width of 
space between the spikes. 


Dressing, From the face of the drum 
the layers of ramie are gathered, and clamped 
in the wooden holders of the dressing machine. 
The endless band, with its combs, comes round 
and hackles at the ramie threads held in the 
clamps, or books, in the bed of the machine, 
dragging away the short and combing out the 
long. When one end is finished, the other is 
turned to the combs. The combings are run 
through ag4in, just as in the case of silk, some- 
times four draughts being taken. The short 
fibres remaining are often mixed with cotttm; 
at any rate they can be spun in the very same 
fashion as cotton. The combed fibres are now 
ready to be carded into a sliver. 

Continued 
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By Professor HENRY ADAMS 


Wrought Iron. Wrought iron is not 
homogeneous ; from its mode of manufacture 
it consists of layers of iron interspersed with 
slag or scale, in such a way as to resemble 
somewhat a bundle of fibres, and it is, therefore, 
commonly described as fibrous. It is seldom 
tested otnerwiae than for tension or torsion. 

Tensile Strength. For tension the 
sample piece is usually prepared as 78, when 
from a plate, bar, tee, angle, channel, or other 
shaped section. The narrow part is made 
accurately parallel and the transverse sectional 
area carefully measured. Two dots are made 
with a ceutie punch as shown, exactly 8 in. 
apart, to allow of the extension under stress 
being recorded. Other distances, as in. 
(100 sixteenths of an inch), or 10 in., are 
sometimes used, both to facilitate decimal 
measurement ; but 8 in. may bo looked 
upon as the standard. The wide part at each 
end is gripped between the scored faces of a 
vice attached to the testing machine. The elon- 
gation with any given intensity of stress (pounds 
or tons per square inch), or at final rupture, 
is recorded, and also the contraction at point 
of fracture. When the stress is applied, the 
lengthening is partly due to actual stretch 
inertiasing the inter-molecular spaces and partly 
to the flowing of material from the neighbour- 
hood of the place where fracture occurs. The 
elongation and contraction are greatest with 
Yorkshire iron, which is uniformly soft, and 
less with iron of poorer quality, especially where 
anyportion of the fracture shows visible crystals. 

Toughness. Toughness, or abiUty to 
withstand sudden blows, is made up of 
direct resistance and elongation under stress, 
and may be. measured by their product, or, in 
other words, by the units of work done in 
producing fracture. Test specimens from rods, 
shafts and axles are often prepared in the lathe, 
as 79, and care has always to be taken that the 
change from the minimum section to the size 
requisite for holding in the clips is made very 
gradually. In one case that came under the 
notice of the writer, the pieces were prepared as 
80, and all failed at the point mark^ x owing 
to the abrupt change of diameter, although the 
sectional area here was four times as great as 
that of the central portion. Rivet iron is often 
tested in the original bar without prep^ation, 
being merely clamped between curved jaws at 
each end. 

In oonsequenoe of the mode of manufacture 
there is a noticeable difference between the 
tensile strength with the grain and across the 
grain, the difference being about 10 per cent. In 
the former case the fibres have to be broken across 
and in the Utter case they arc only separated. 


Although the iron may be of the same general 
quality the tensile strength will vary, according 
to whether the sample piece is from a solid bar, 
a shaped section, or a plate, and in the lattei 
case whether tested with or across the grain, 
as just stated. The result of 587 experiments 
by David Kirkaldy & Son gave the following 
figures. 



Breaking Weight per Square 


Inch of Original Area. 

Number of Experimenbi. 




Highest. 

lA>weBt. 

Mean. 


Tons. 

Tons. 

Tons. 

188 rolled bars 

30*7 

19*1) 

25*7 

72 anglea and ettrana . . 
167 plates, lengtliwlse . . 

28*5 

16*9 

24-4 

27*0 

16-7 

22*6 

160 plates, crosswise 

271 

14& 

20*6 


Wrought iron is sometimes classified for test 
as in the following table, which shows very 
clearly the difference in the quality. 


(Comparative Strength of Wrought Iron 


Quality. 

Ultimate Ten- 
sile Strength in 
Tons fsjr 8q. In. 

Elongation per 
cent, in length 
of 8 ill. 

With 

Cl rain. 

Across 

Grain. 

With 

Grain. 

Across 

Grain. 

Best Yorkshire Iron . . 

24 

22 

12 

71 

B.B. Staffordshire Iron 

22 

19 

9 

5 

B. Staffordshire iron . . 

20 

18 

6 



The Admiralty give a somewhat similar 
classification in their specifications, as shown in 
the following table. 


Ahmir.alty Specifications 


— 

Tensile 

Stress. 

1 Tons |>er 
Sq. In. 

Elongation 
Per Out. 
in 8 in. 

B-B, or Firtt Clau Iron — 



Bivet and bolt iron, and bars. 

24 

16 

square, round, or flat 

An^, tee, channel, and flats 


10 

of 12 in. width and under 

22 

plates, lengthways . . 

. 22 

8 

„ crossways . . 

18 

3 

B., or f^eeond CUut Iron— 



Ban, square, ronnd or flat . . 
Angle, tee, diannel, and flats 

22 

10 

of 12 In. width and under 

21 

8 

plates, lengthways . . 

20 

7 

„ crossways . . 

17 

2i 


1391 






DIAGRAMS ILLUSTRATING THK TESTING OF IRON AND STEEL 


Testing Machines. A simple testing 
machine is shown in diagrammatic form in 81. 
The water prc^ssure being admitted above the 
piston puts a certain tension upon the test 
piece which is balanced by the counterpoise 
being made to slide upon the steelyard until 
its point is central between the stops, then more 
water is admitted to the cylinder to increase the 
load, and the counterpoise shifted further along. 
These operations may go on simultaneously 
until fracture occurs, when the position of the 
counterpoise on the graduated steelyard shows 
the stress upon the specimen. The power of 
the machine may be from 5 to 300 tons, but the 
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larger machines have more comphcation, being 
fith^ for all kinds of tests, and generally with 
automatic recorders. 

CompreMive Strei^th. Under corn* 
pressive stress wrought iron bulges when in 
short pieces, and bends when longer, and under 
transverse stress, unless in a very short length 
or of hard and crystalline structure, a solid bai 
bends so much that no very exact measure of 
strength is obtainable, but a flanged section 
may be tested to destruction a transverse 
stress. This will be dealt with under the heaj^ 
of Stability of Structures. The com- 
pressive strength of wrought iron may be 















taken approrimately at 80 per cent, of the 
tensile strength, but the working allowance 
will always depend upon the length of the piece. 

Shearing Strength. The shearing strength 
of wrought iron averages 85 per cent, of the 
tensile strength, or rou^ly, four-fifths. When 
bars are riveted, as in 82, the rivet is in 
single shear, and when joined, as in 88, the rivet 
is in double shear ; in the former case the joint 
may fail by shearing through the rivet between 
the plates, and the full shearing strength due to 
the sectional area of the rivet is allowed ; in the 
latter case, the joint cannot fail without shearing 
the rivet in two places, but the holes may not 
be quite perpendicular to the plane of the bars, 
and where several rivets go through tlie pieces 
some of the holes may not be quite opposite 
each other, so that the rivets do not all come 
into action at the same instant. Owing to the 
possibility of the progressive failure it is 
customary to allow only one and a half times 
the strength for double shear over that of 
sii^le shear. 

xorsional Strength. The average tor- 
sional strength of wrought iron is such that 
a round bar 1 in. diameter will be broken with 
a load of 750 to 800 lb. acting at a radius 
of 1 ft. 


The machine for testing the torsional 
strength of metals, illustrated below in 84, was 
specially designed for the Birmingham Univer- 
sity, but is now made for general use. It is con- 
structed on an improved principle, whereby its 

g :)wer can be increased for la sting large specimens. 

y this means more accurate readings are attain- 
able for smaller specimens. The torsion is 
effected by hand through “ worm and wheel ” 



84 . TOBSIONAL TESTING MACHINE 

gear, the test being easily accomplished by one 
^operator. The steelyard poise is worked by a 
•crew arrangement, thus enabling the steelyard 
to be kept in exact equilibrium during the testing 
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of specimens. The strain is recorded in single 
pounds by means of a vernier upon the sliding 
poise and a finely graduated scale attached to 
the end of the steelyard, the fine graduations 



89. IMPACT TESTING MACHINE 

being read by means of a microscope*. 'Iho 
machine is capable of testing spocimens up to 
1 in. in diameter and 12 in. in length. 

Transverse Strength. Wrought iron 
is not often tested for transverse strength, as, 
unless the piece be very short or the iron crystal- 
line, it yields so much by bending tliat no 
definite result can be obtained. It is, however, 
sometimes necessary to ascertain th(i resistance 
to transverse stress in order to calculate the 
strength of shafting, handrails, gudgeon pins, 
etc. But it is usually assumed that the modulus 
of transverse rupture and the extreme fibre 
stress arc identical and equal to the ultimate 
tensile stress. The following table, however, 
shows that there is no direct relationship 
between these elements. 


Material. 

Ultimate TriirIIo 
S trength. 

Lbs. per sq. in. 

Moduluii of 
'rr.ijt8venie 
Itupture. 

Spruce flr 

Pitch pine 

EnRtlBtj oak 

Teak . . 

Kauri or C’owrle 
Cast iron 
Wrought Iron . . 
Milditeel.. .. 

2.000 to 12,000 
4,700 to 12,000 

6.000 to 10,000 
3,300 to 15,000 
0,600 Ut 10,000 

11,200 to 20,120 1 
35,840 to 64,060 
62,720 to 71,680 

0,000 tf) 12,300 
8,910 to 14,000 
9,600 to 13,600 
12,000 to 10,000 
9,600 to 11,000 
30,240 to 45,700 
41,200 to 51,620 
53,760 to 114,240 


Bending Teats. The toughness of wrought 
iron and its freedom from lamination are 
also tested by cold bending in a vice ; i in. 
plate should bend 35 deg., | in. plate 55 deg., 
in. plate 63 deg., J in. plate 70 deg., while 
rivet iron, which ne^ to be very soft and 
pure, should bend double without cracking. 
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MA-nPNftLa AHO STWICTIIWW 

Cast Zraa. €jm* itoa i» geneiaUy tested 
for trwnwrenw »tr(Miigti» aoetme, 

»maM bwt iw>re «u^ m 
impoftoisl castiag snd Iwokea oa 
blit this method wag found to mve regulte 10 to 
20 per cent, lower than when bars of the same 
gize were oast separately from the same metal 

Tranawerae Teata, The b^t practice 
is now to cast three bars, each 3 ft. 6 in. long, and 
2 in. deep and 1 in. wi^, cast on edge in a dry 
mould, from each meltma at which any of the 
specified work is cast. These bars are tested 
separately, as follows. The lower side, or thin 
edge, of the casting is placed downwards upon 
rigid bearings, with 3 ft. clear span ; if placed 
the other way up, a reduction in the apparent 
strength of 15 to 20 per cent, may occur. A load 
of 25 cwt. being placed in the centre of the bar, 
with a bearing not mc«*e than 1 in. wide, the 
deflection should not be less than ^ in., and the 
bar should break with a minimum load of 28 cwt., 
or an average upon the three bars of not less 
than 30 cwt. 

A curious fact that throws light upon the 
nature of the strains set up In the bar is that the 
covrae of the fracture varies aceordiDg to its 
position in the bar. When the fracture occurs 
within an inch of the centre of the span, it takes 
an approximately straight line at right angles 
to the length of the bar, but about 25 per cent, 
of the fractures take place further away, on one 
side or the other of the centre, and they are then 
always curved away from the (centre, as in 85, 
A short straight part often occurs at the top, 
and this is apparently the part under dirwt 
compression. Hodgkinson found in testing cast- 
iron 1 beams that with the rib in compression 
a piece was invariably broken out from the 
centre, as 86. These fact's appear to show lines 
of thrust and tension, roughly illustrated in 87. 

Ljitbe Testa. Samples prepared in the 
lathe, 08 88 , should bear a tensile stress of 2^ tons 
per square inch before appreciable loss of elas- 
ticity, but the actual limit of elasticity of cast 
iron is somewhat indeflnite, as even the smallest 
loads produce some permanent set. The sample 
shoula break with not less tlvaa 7 tons per square 
inch, or an average of 7^ tons per square inch on. 
three samples. 

Wpe -iron Tests. The foUowing is a 
ipccifleation test of east mm for pipe-making 
where tensile strength and soundness are of 
importance. “ A bar 40 in. long. 2 in. deep and 
1 in. wide, the weight of which must not exceed 
21 lb., shall when supported on edge at points 
38 in. apart, deflect in. with a load of 10 cwt. 
in the centre, and recover its position when the 
load is removed, and shall sustain a load of 


tie oi • fiwtt 4 iM- » to trv 41 ' , V 

tu. 


ism will: wtmn .IM tstmost car,' 

skmdd be 

essting sf mm*m besMuie m iron ot 

(Merest qsaiikna lbs rinMiwtg hi (Merent 
which esiises $» mme^l tmaiem amamg the 
parts of the netal,. impaim ito strength, and 
renders it hahie to sadden and unesqiected 
failures. When the texture is not uniform, the 
surface of the easting is usnahy uaieveiL u^e it 
oi^ht to be even. This nnevetmess, or the 
irregular swells and hollows en the aur^e of a 
casting, is caused by the unequal shriokage of 
the iron of daflerent qfuakttes.'^ 


Testing MachtMo. The machine ilhiH- 
trated on page 1250 is very suitable for testing 
cast iron, both transversely and in tension. Th? 
samples prepared in the lathe have the outer 
skin turned off, and the apparent strength is 
reduced, but the result is, perhaps, a closer 
apiwoximation to the real strength than when 
a square bar is tested with the skin left on. 


Impact Tests* Castings are frequently 
tested for motor work by means of impact, as 
they have to stand sudden shocks and requii’c to 
be very tough. A suitable machine is shown in 
89 [page 1393]. A pendulum weight is raised to a 
height and allowed to swing and strike the test- 
piece, fracturing it at one blow, and the number 
of foot-pounds of energy which the test-piece has 
absorbed is automatically registered on the 
indicating quadrant. 

Compression Tests, Cast iron is seldom 
tested for compression in practical work ; it has, 
however, frequently Ijeen tested thus experi- 
mentally, with very interesting results. Being 
a crystalline substance, it breaks with a line 
of fracture at a mean angle of 55 deg. with the 
horizontal whether the fracture be simple, as 90, 
or compound, as 91, and soaaetimes the exteiior 
breaks sway, leavuig two inverted ecMaies, which 
crush into each other if the pressure be continued 
too far. The failure appears to be a result of 
shearing through the line of least resistance, and 
not direct crushing. 


Malleable Cast Irem. Malleable cast 


iron, eoBsisting of ardinary cast broa from which 
some of the carbon has been abstracted to 


toughen it, has an ultimate tensile strength of 
about 14 tons per square inch, an elastic limit 
of about 7 tons, and an chmgatioa of per cent, 
on a length of 4 in. 


3,000 lb. supported at the middle of its span for 
one hour, and shall, under this load, deflect at 
least g in. ; and a bar 8 in. long and 1 in. square 
in section, shall sustain a lo^ of 8 tons per 
square inch for one hour.'* The latter is, of 
course, a tensile test. 

Practical Teats. TredgoM gave a very 
practical account of the essential points to be 
observed in testily oast iron by simple inspec- 
tion. He said : '' ^e best and most certain test 


Cast Steel. Cast steel is very similar 
to cast iron in its properties, but very much 
stronger. The chief difficulty with the material 
is the frequency of honeycombing, or a series of 
holes, caused by bubUes of gas being shut in. 
Cast steel is seldom subjected to mechanical 
tests except for special purposes. Where a 
large num^r of similar castings are required, a, 
certain percentage ol them are sometimes tested 
by the impact of a falling weight. 
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MiM StMl« Tlie ^oxtended uae of mild steely 
«nd tile diffioiil^ eoRounded its ei^ 
iprodootioii jmd vm^ ham esosed s imiy kt^ 
ma&cmnt of sod money to be expemied 

upon llie most oomiilete end pe^eet 

n^ttem ol teetSng wbieb ooold be devistid. 

The meobaitioal testing has been aocompaided 
by chemioal teste of the same material so that 
the effect of each constituent and impurity, 
according to its amount, is now so well Known 
that stem can be made to comply with almost 
any specification, according to the purpose for 
which the material is required. 

Corresponding physical and chemical tests are 
given in the following tables. 


Physical Tests. 


Brand. 

Point of 
Permanent 
Set in 
Tons per 
Square i 
liwh. 1 

! i 

Tension in 
Tons per i 
Square 
Inch. 

1 

Elonga- 

tion. 

Per Cent. 

Mild 8t«6l . . . . 1 

1 17-92 

28-86 

4,5-00 

Medium at^^ei . . : 

20-87 

33-25 

35-92 

Hard steel . . . . 

25-60 

39-84 

30-60 

Toei steel . . . . 


57-68 

14-40 

Very hard steel . . 

■■ 1 

68-67 

7-00 


Chemical 'Fests. 


1 

Brand. 

Car- 

Man- 

^ siii- 

Phos- ^ 

Sul- 

! bon. 

1 

ganesc. 

con. 

phorus. 

phur. 

1 ■ ■ 


% 


% 



Landore mild 
steel 

-18 

1 

•64 

•013 

•077 

•074 

Mild steel . . 

’ -22 

•309 

-062 

-043 

•042 

Medium steel 

•34 1 

•536 1 

•024 

1 *052 ^ 

•019 

Tool steel . . 

-97 

•148 

•074 

•034 

•059 


Tensile Tests. The tensile tests are the 
most important in connection with mild steel. 
The material is homogeneous, showing no grain 
in either direction. It is highly ductile and 
draws out with a silky fracture, very commonly 
in the shape of a short cone on 
one piece and a corresponding 
hollow on the other piece. There 
is sometimes an autographic re- 
cording’ apparatus attached to the 
testing machine, which gives a 
graphic representation of the 
phenomena of the tests ; such a 
record is shown in 92. It will be 
seen that for a certain distance 
the elongation is slight and regu- 
larW proportionate to the stress, 
and that when the stress reaches 
12 tone per square inch, which 
is the dastic limit, a sudden 
slip occurs, called the yield point, 
and that after that the elon- 
gation is much more pronounced. 

Another remarkable feature 
occurs towards the end of the 
^t, where the backward curv- 
ing of the line shows a falling off 
in the stress, due to the rapid 
drawing out of the specimen 
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4md simukaimcms oontraotion of tmmmcse 
area at th» ultimate point of fraotM. Alter 
the yield pefint is passed, time is «m im« 
portant element ip the teet^-the quidker tim 
test the m^eater me stress that can be sp|Aied 
b^ove lalture ooours, showing that the ocmesion 
of the material is so far destroyed ^at ultimate 
failure with a much lower stress is only a (j^uestion 
of time, and hence the danger of aUowmg any 
working stresses to exceed the elastic limit by 
however small an amount No one intention- 
ally permits this to happen, but contingencies 
sometimes arise that are not provided for by the 
ordinary factor of safety. 

Factor of Safety. The factor of safety 
is an amount fixed by practical experience, 
varying with the material used and the manner 
of using. It is the ratio of the greatest safe 
stress to the ultimate resistance of the material — 
such 116 I, etc. ; and the calculated resistance 
of any section, multiplied by the factor of safety 
suitable to the circumstances, will give the safe 
working load. 

If structures never deteriorated they might 
be loaded to one -third of their .breaking weight 
with pt^rfect safety, but to guard against 
ordinary contingencies one-fourth of the 
breaking weight is the maximum permanent 
load allowable under any circumstances. 

The factor of safety is usually given in the 
reciprocal form, as 4 or 4 to 1, etc., moaning 
that the ultimate cabmlated resistance is fou! 
times the working load, thus : 

Factor of safety - 

Working load 

Allowance for Dead Load. It is 

convenient to sum up the usual allowance 
for working strc'sscs in tons per square inch 
under dead load ujK>n iron and steel in struc- 
tural work ; the figures for compnission and 
shearing assume that the parts are unable to 
bend. 
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STRENGTH OP MBTAIfi 41W) :A.lXKy^.J 


Alumlnluni'bronxe 
Aluminium, cast 
„ shflet 
Antimony, cast. . 
BeUmetal 
Bismuth, cast . . 
Brass, cast 
„ sheet 
„ wire 

Bull’s metal, cast 
Copper, bolts . . 
cast 


wire 

Delta metal, cast 
„ „ wire 

Gold . . 

„ standard 
Guametal 


Lead, east 
„ milled . . 
Mercury , . 

Muntz metal 
Nickel, forged . . 

„ ina:ot . . 
Pewter . . 

J'hdsphor bronze 

Platinum 

Silver 

„ standard . . 
Speculum metal 
Steel, oast 
„ mild 
Tin 

White metal (Babbitt) 
Zinc, oast 
„ ihoet 


Ultimate Strensfth. 
Tons per Sq. In. 

„ , ^ Com* Sh( 

Tension, pyeggion. in 


) 40 

) 6 6 
) 10 — 


I Modviiia 
of 

Rupture 

in Tons. 


' W0m 

CakFt 


5 to 25 — 


) 21 60 to 78 — 

>17 40 14 

>10 20 to 26 — 


1 25 to 27 — — 

I 20 to 40 60 to 70 — 


12 to 16 16 to 60 8 to 12 

6 to 18 36 to 64 8 to 14 

16 to 29 16 to 18 I'l to 20 
22 to 26 — 22 


7- 68 
2-50 
2*74 
6-72 

8- 06 
0*84 

7-8 to 8*4 
8*44 
8*64 
8*28 
8*8 
8*6 


24 1 24 to 51 


sr in Hie. nei 

CqU jST 

%>dulus of 
fflasticitv 
in lbs. 

*278 

14*000,000 

•0086 

11, 000, 000 

*0888 

1 ' 

*242 



*20 

■ 

*868 



4 *28 to *808 

0,000,000 

‘804 


•307 

14,000,000 

*80 



*82 

16,000,000 

•31 

11,000,000 
to 18,000,000 

•816 

12,800,000 
to 16,800,000 

•32 

17,000,000 

— 

— 



•70 

12,000,000 

*688 



•307 

10,000,000 

•26 

18,000,000 

•28 

25,000,000 



26,000,000 



15,000,000 

•408 

720,000 , 

•41 

— 

•48045 

— 

•81 

— 

•80 

— 

•26 

— 

•31 

14,000,000 

•775 

28,500,000 

•877 

10,700,000 

•376 

— 

•264 

— 

•288 

42,000,000 

•28 

20,000,000 

•262 

5,000,000 

■263 

— 

•25 

1 3,000,000 

•259 



PHYSICAL DATA FOR METALS AND ALLOYS 


Specific Heat. 


Aluminium 
Aluminium-bronz 
Antimony 
BeUmetal . . 
Bismuth . . 
Brass 

l?o?r : 

(luninetal . . 

Iron, oast . . 

„ wrought 
Lead 
Mercury 
Nickel 
Platinum . . 
Silver 

Steel, cast . . 

„ mild 
Tin . . 

Zinc 


•1268 

•1188 

^203 to *0314 
*032 
•1086 

•033 U> *038 
•0557 


Melting Point. 

Deg. Fahr. 

Coefficient of 
Expansion 
by Heat. 

Latent 

^eat 

of Fusion. 

1,200 to 1,300 

•00001235 

51-4 

1,010 

— 

— 

800 to 810 

•000006 

— 

507 

— 

— 

480 to 507 

•0000078 

22-8 

1,800 to 1,850 

•00001894 

— 

1,050 to 2,050 

*000009 

— 

2,100 to 2,280 

•000000 

— 

1,000 

— 

— 

•2,000 to 2,760 

•000006 

— 

3,250 to 4,300 

•0000066 

— 

612 to 620 

•0000156 

9*7 

-38*8 

•000009 

51 

2,810 to 2,012 

•00000605 

— 

3,080 to 8,500 

•000005 

— 

1,830 to 1,873 

•00001055 

38*0 

2,850 to 8,300 

•00000695 

— 

2,550 

•00000672 

— 

435 to 450 

•0000121 

26-7 

750 to 800 

•0000161 

50-7 


’ t ' . ^ .Mluttnni Wcnraro 


tt iktm nn lii(» 



ViitiKlsL'' 


VbilaMs IsMMia. 

Wrooglitlroafaf madii&ery 

IBId tted for BMeblnery . . 

Cast iron for maebinery . . 

f Tension only. 6 
\Comprmtoa only. 4 
( Tfmicm only, 7| 

\ Compreasion only, 6 
/ Tension only. It ! 
\ Compression only, 6 

Tanalon only. S 1 
Compreidoa omy, 2i f 
Tnudion only. 41 i 
CompmAm only, 8} f 
Tension only. | \ 

Compression only, 4t f 

Alternate tension and oompresslon, U 

Alternate tension and compression, 8t 

Alternate tension and oompression, | 


t' 


Usual Allowaiitoe eor Bead Load 


Material. 

Ultimate 
Stress per 
Sq. In. 

Safe Load 
per 

Sq. In. 

Wrought Iron— 

Tons. 

Tons. 

Tension 

22 

5 

Compresbion 

18 

4 

Shearing 

20 

4 

Bearing 

— 

7* 

Mild Steel— 



Teimlou 

30 

7* 

C(»mpres8ion 

26 

6 

Shearing 

1 24 

5 

Bearing 

— 

10 

Cast Steel— 



Tension 1 

35 

8 

C/ompresslon 

50 

12 

Shearing 

— 

n 

Bearing 

— 

16 

Cast Iron— 

1 


Tension 

' 7 

u 

Compression 

1 

71 

Shearing 

14 

21 

Bearing 

1 

1 

8 


Allowance for Varying Stresaea. 

Another useful summary may be made of the 
allowable working stresses under constant and 
varying loads, such as may constantly be found 
in machinery. 

Torsional Strength of Various Metals 


Round bars 1 in. diameter, load applied at 
1 ft. radius. 

Cast steel .. .. 1,250 to 1,500 lb. 

Mild steel .. .. 1,000 „ 1,200 „ 

Wrought iron . . 750 „ 800 „ 

Cast iron . . . . 600 „ 700 „ 

Wrought copper . 350 „ 400 

Any account of the stren^h of mild steel at 
the present day would be incomplete without 
mention of the specifications issued by the 
Engineering Standards Committee. These, so 
far as they are yet completed, may be obtained 
from Crosby Lockwo^ & Son at prices 
vaiying from 2s. fid. to 10s. fid. each. 

Tlie tables on this and on the opposite page 
give particulars of the strength of metals and 
alloys, the specific gravities, weight, modulus of 
elasticity, specific heat, melting temperatures, 
latent heat of fusion, coefficient of expansion 
by heat, contraction in cooling, and relative 
conductivity for heat and electricity. 


Large Testing Machine. A modem high- 
class testing machine suitable for tensile, compres- 
sive, and transverse tests is shown in 9S [page 
1305]. It is of single lever type, upon the same 
princiide as 81, imd is capaUe of working up to a 
maximum of 150 tons. The weigh-l^m or 


Contraction of Metals in 

Cooling 


Contraction 

MetaL 

In fractions 
of linear 
dimensions. 

In parts of an 
Inch per 
foot of linear 
dimensions. 

Cast Iron 

Gunm^tal . . , . 

(A( 

7*. 

i 

i 

Yellow brass . . 


Vrt 

Copper 

Zinc and tin . . . . 

X 

4m 

i 

i 

Lead 

.‘Jit 

1 

i 


Relative Conductivity of Metals 


Metal 

1 Hoat.* 

Klootriolty.t 

Silver 

1,000 

1,000 

(-opiter 

Gold 

. . 1 786 

733 

.. 1 632 

585 

Braw 

, , 1 236 

215 

Till 

’ 145 

226 

Iron 

. . I 119 

130 

Stool 

. . ; 116 

— 

Lead 

. . ' 85 

107 

IMatimiin 

. . 1 64 

103 

Palladium 

63 

— 

Gorman silver . . . . 

. . ! 60 

— 

Bismutii 

18 

1 

19 

1 • Wiedemann and Franz. 

t Lenz. 


lever is built up of strong steel plates fitted 
with best hardened steel knife-edges, the main 
and fulcrum knife-edges being 20 in. long, to 
comply with the Board of Trade requirements. 
The graduations on the lever are machine 
divided, and, in conjunction with a vernier, 
sub-divisions of iJoth of a ton are attained. 
The sliding weight on the lever is a standard 
weight ; this is propelled along the beam by 
means of a screw worked by power, and for the 
fine adjustments through gearirm by a hand- 
wheel fixed on the column. Buffer springs are 
provided at top and bottom of pillar standard 
to lessen the shock to the lever when the speci- 
men breaks. The strain is applied by hydraulic 
power through a cylinder and ram, and the 
appliances for holding the specimens are of cast 
steel accurately machined to gauge. I.«arge testing 
machines should always stand upon a solid 
foundation, and not be subject to earth tremors. 
The slightest communicated vibration will lower 
the result, on the same principle that one taps 
a barometer to lessen the friction of the mobile 
particles of metal 

CofUimted 
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meohamoal inventions, ezoept those of the very 
simpleBt tjrpes. How many men have spent 
years in trying to solve the problem of perpetual 
motion when a knowledge of the elements of 
dynamics would have taught them that the 
search was vain ? 

An invention may be valuable in itself, but 
have small chance of bringing money to its 
creator. It may be wanted by only very few 
|)eople. For instance, an instrument for ascer- 
taining with accuracy and rapidity the distance 
between the various stars, or a submarine boat 
which would, for obvious reasons, be purchased 
only by a government. 

The ordinary man without special technical 
training in any particular branch of science or 
productive inaustry — and it is chiefly for such 
that we write — may note that the greatest chance 
of financial success is possessed by an invention 
having the following qualities, 

1. It should be an article of personal use or 
consumption, and be used by the million. 

2. It should wear out in a reasonable time, 
requiring replacement. 

3. It should not be expensive to develop, as 
an airship or a complicated machine is, but 
should be marketable without much initial 
outlay. 

4. It should be distinctive and superior to 
anything already offered for the same purpose, 
not merely filling the same want at the same 
price. Manufacturers and merchants do not 
take up a new article without g(K)d reason. 

The Value of Inventions. The 
inventor is very often — temporarily, at least — 
a monomaniac on the subject of his invention, 
and is thoroughly convinced that there is a 
latent fortune in his contrivance. Assuming 
the article to be valueless, or practically so, 
the awakening to the true state of affairs is 
always painful and sometimes pathetic. The 
cold douche of practical opinion poured upon 
the fire of the inventor’s enthusiasm often 
inflames that fire instead of quenching it. Yet 
it is the truest kindness to speak the plain truth 
when opinion is asked, because to prolong the 
delusion by words of well-meant sympathy is 
only to make the final revelation more painful 
and the dream more expensive. 

Inventions Revolutionise Indus- 
tries. Yet the inventor’s dreams are often ful- 
filled, while the prognostications of his critics fail. 
Some inventions, for which failure is foretold, 
prove ultimately successful. “ The fool is wiser 
in his own conceit than seven men that can 
render a reason.” Successof seemingly unpromis- 
ing inventions frequently means that tneinvention 
is so important than an industry n^ be revolu • 
tionised to permit its adoption. The process 
block,” as It is called — i.e., the reproduction of 
illustrations by printing blocks made by the 
joint i^encies of the photographic camera and 
the acid bath — may instance this group. Two 
difficulties barred the general use of such 
blocks — the unsuitability both of printing 
papers and of printing machines. Yet process 
illustration was so important that paper manu- 
facturers and printing-machine makers had to 


remo^l their practice, and to design special 
machinery to meet the requirements of the new 
method of reproducing illustrations. Thus we 
have the surface papers and hard-bed presses. 

Immature Inveationa. Inventions are 
often marketed before their details have 
been worked out to the full measure c' their 
possible value, and, as a result, fall short of 
commercial success. The inventor is apt to 
ascribe too much importance to the main idea, 
and to imagine that the manner of applying it 
is less important. He may see the end to be 
attained, and have a conception of the general 
principles of an excellent method of reaching 
that end, but bo unable to adopt the best and 
most simple moans of reaching it. It is often 
so in mechanical inventions. This is when* 
the inventor's engintw may come in and 
supplement general principles by the application 
of scientific mechanical pnictice. The adjust- 
ment of weight to duty, of part to part, the 
designing of details, the selection of material- 
all these are points in w4iich the unguidod 
inventor may go far astray, and, if left to 
himself, devise or mtinufacture a clumsy pitw of 
mechanism which in expert hands would have 
had a far higher practical and commercial Vfdue. 

Valueless Patents. The subjects of 
many patents rogisteixid in the British Patent 
Office are not worth the paper upon which they 
are recorded. One has only to examine the 
specifications in any given subject to lind the 
same idea patented many times. The first is 
the only one really valid, and even it could not 
lye sustained if it were proved that the ideji 
had been public befon* th(‘ date of th(‘ appli(!a- 
tion for lettc^rs patent. Vet, although such an 
article could not be proved valid if the point 
were challenged, theni is often commercial 
value in a non-valid patent. Many manu- 
facturers and inventors innocently ladieve 
that they hold undisputable titles to paUmts, 
when a search of the Patent Office records 
would show that they are mistaken. So long 
as a man works a patent himself and no one 
challenges it, it may be as profitable os if he 
were the first inventor. But should he try to 
sell the patent, or to form a company to take it 
over, a strict search would certainly be made 
and any anticipation found. Under the new 
Patent Act the Comptroller of Patents, when 
a complete patent is applied for, makes a 
search in the British patent files for the preced- 
ing fifty years, and if there has been anticipation 
of the identical or approximately similar idea 
the letters patent may be endorsed to that 
effect, giving number and date of any anticipa- 
tions. Thus, the chances of a patent granted 
under the new Act being valueless are diminished, 
but all patents granted prior to fifty years 
before the date of application and the vast 
field of foreign patents are neglected in the 
search, so that acceptance of an application 
without endorsement does not even now stamp 
it as unassailable. 

The moral of this is that the inventor who 
has any doubt regarding the validity of his 
invention should not attempt to negotiate a 
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Rale, but Bhould either work it hinuielf or have it 
worked for him on a modeRt royalty. 

A Populmr Dalusion. It is a popular 
deluRion that any patented invention may 
be mannfactnrea with impunity if it l>e 
not made for sale but merely for the use of the 
individual. This is a misconception of the 
law on the subject. It has arisen from the 
fact that the law refuses to regard as infringe- 
ment any purely experimental work, as it was 
not framed to curb inventive genius; but its 
word and spirit are specific in considering as 
an infringement the manufacture of any 
patented article, even though it be only for 
the personal use of the imitator. 

Patent Medicinee. The term ** patent 
medicine ” is apt to deceive. The so-called 
“ patent medicine ” is seldom the subject of letters 
patent, and “ proprietary medicine *’ is the 
correct designation. The Covemment stamp on 
every package is rendered necessaiy by the word- 
ing on the label or on the advertised statement 
of claims for the preparation. Further informa- 
tion regarding the law on the subject, appears in 
the article on “ Chemists and Druggists,*’ in the 
course on Shopkeeping. But proprietary 
mcMlicines are sometimes patented, lliis means, 
of courses, that the full formula and the special 
manner of manufacture, if any, must be described, 
and that after the patent has expired, by non- 
payment of fees, or by having reached the time 
limit of 14 years, it is open to anyone to manu- 
fa<*ture the nostrum. Thus, a well-known and 
widely-advertised pill was originally patented, 
and anyone is free to read the original recipe, 
an<l to make and sell the article, although this is 
not done, as no one who might care to do so' 
seems to be aware of the fact just stated. 

Patent Rights or Secrecy. This 
brings us to consider the comparative merits of 
taking letters patent, or of kt^eping secret, inven- 
tions which are not mechanical. A mechanical 
invention cannot be held in monopoly by 
secrecy, Ijwauso its design and structure 
teach its manufactun^ But the secret of manu- 
facturing something produced by a chemical 
process may well l)e guarded, and it is often 
wist^ to seek to preserve monopoly thus. A con- 
spicuous example of this is offered by the history 
of the Mushet high-speed steel, the manufacture 
of which was a secret for quite half a century. 
But certain risks attend preference for secrecy 
instead of patent privile^s. The makers of a 
well-known infants' and invalids' food found it 
so. An employ^ who had learned the secret of 
the preparation, left them, and patented the 
methods. The makers succeeded, by an expensive 
legal process, in establishing their right to use 
the method they had invented, but the recipe 
was published and free to the w'orld sooner than it 
would have been had they chosen to preserve 
their monopoly originally by bEd^ing advantage 
of the privileges of the Patent Act. 

Patents of WorKmen. In the manu- 
facturing industries, the latent possibilities of 
invention in the workman at the lathe or bench 
are not appreciated. The man who handles the 
tools, or who guides the machines, is often fertile 
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in practical ideas that would save time and 
money. The wise employer encourages th^ 
development of such ideas, not to the point of 
permitting his men to neglect their work for any 
fad of a mad fancy, but to the adoption upon a 
profit-sharing basis of any good invention sugges- 
ted by a workman. Such an idea is often not 
the subject proper of a patent. It may be 
merely a quicker, and therefore cheaper, method 
of handling material or of performing a manu- 
facturing operation. Nevertheless, it is dis- 
tinctly an invention, and the man responsible 
for it is entitled to consideration apart from the 
money he earns as a workman. Employers are 
given to consider that they are fully entitled to 
all the ingenuity that a workman can develop. 
It may be noted that some of the Government 
Departments set the example in this attitude, 
and go so far as to forbid employ^ to patent any 
article of process connected with their particuUtf 
work. Possibly, the regulation is the result of 
abuse of privileges and facilities, but its direct 
effect has been only to have the inventions of 
these interdicted Government employes patented 
under other names. The manufacturer with a 
true eye for productive economy does not 
follow this course of action. He nas sufficient 
oversight of his business to be able to accept only 
such ideas as he finds of money-saving value, and 
he willingly pays the men whose everyday tasks 
lead him to evolve those ideas. 

The Danger of Anticipation. Having 
fixed his invention, either by manufacturing 
a model, by merely making drawings, or even 
by having only framed a mental conception of it, 
the inventor naturally wishes to secure monopo- 
listic rights. He may do this at once-by applying 
for provisional protection ; but he will be wise 
to ascertain first whether or not the idea lias 
already btien patented. It is not remarkable 
that the same occasion should inspire different 
individuals with similar ideas, and probably 
more than half of the inventions of which 
inventors at first believe themselves to be the 
originators have^been anticipated. 

The inventor may, if he live in London, or 
visit that city, search the files of the Patent 
Office, in Southampton Buildings, Chancery Lane, 
London. If it he impossible that he should make 
this search himself, any patent agent will do it 
for him, charging in accordance with the time 
occupied in the search. A search is usually, 
however, a costly business if made by an agent. 
There is now less occasion than formerly to have 
a patent agent -made search for anticipations of 
an invention. Under the new British Patent 
Act, the officials of the Department make a 
search in the case of every complete specification 
tendered for registration. But we must assume 
that our inventor is not prepared to squander 
money on complete letters patent before the 
probationary or provisional stage has been 
passed. The precise distinction between the 
two will be explained later. 

Provincial and C^olonial Searching. 
Facilities for consulting the patent records are 
not confined to the residents and visitors to 
London. There are many places in Great 
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BritAin, and out of it, where the complete sets 
of abridgments and specifications are kept 
for reference. We give a list of the provincial 
and colonial libraries and museums where the 
tiles may be consulted 

liXITED 

Belfast — Free Public Library. 

Birmiugliam — Reference Library, Patent Department, 
Eden Place. 

Bolton — Little Bolton library. * 

Bradford, Yorkshire — Free Library, Dariey Street. 

Bristol — Pnblic libraries, Hotwells Brandi Library. 

Cardiff — Central Free Library, Reference Department. 
(Carlisle — Pnblic Library, Tullie House. 

Derby — Public Library and Museum. 

Dublin — National Library of Ireland, Kildare Street. 

„ — Public Record Office. 

Dundee — Public Library, Albert Institute. 

Edinburgh — Royal Scottish Museum. 

Glasgow — Stirling’s and Glasgow Public Library, Miller 
Street. 

Halifax — Public Library, Akroyd Park. 

Horwich — Mechanica* lastitute Library. 

Huddersfield — Public Library and Art Gallery. 

Hull— Public Libraries. 

Ipswich — Free Library, High Street. 

BRITISH C( 


eveiy razor patented in Gimt Britain since the year 
1617. Should the abridged description in the 
volume not convey to him sufficient details, he may 
examine the complete specification, which he w'iil 
find upon the shelf imder its year and number. 
KINGDOM 

Isle of Man — Douglas— Roils Office. 

Keigliley — Mechanics’ Institute, North Street. 

Leeds — Free Public Library. 

Leiiicster — Free Public Ubrar>% Wellington Stret't. 
Liverpool — Free Library, William Brown Stret't. 

Ijundou — Free Library, London Street, Bethnal Green 
(from 1888). 

.. — British Museum. 

— Science liibrary. South Kensington Museum. 
Manchester —Free Library, Deaiisgate. 

Newcastle-on-Tyne — Public Library, New Bridge Street. 
Newport, Monmouth — Free Library. 

Nottingham — Central lYee Public Library. 

Oldham— Free Library, Union Street. 

Preston — Harris Free Public Library and Museum. 
H«chdale — lYee Public Library, Esplanade. 

Salford — Free Library, Peel Park. 

Sheffield— Free Public Library, Surrey Street. 

Swansea — Public library. 

Wolverhampton — Free Library. 
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('anada — Quebec — Montreal — Council of Arts and Manu 
facturcs of Quebec. 

— Ontario — Ottawa — Patent Office. 

,, — Toronto — Public Library. 

India — Bombay — Patent Office, Secretariat. 

,, — Calcutta— Patent Office, Imperial Secretariat. 

,, — Madras — Patent Office, Secretariat. 

New South Wales — Sydney — Public Library. 


New Zealand — Wellington — Patent Office. 

Queensland — Brisbane — Public Library. 

South Australia — Adelaide — (kdonial Institute. 

,, — School of Mines and Induatriea 

Tasmania — Hobart — Public Library. 

Victoria— Melbourne — Commonwealth Patent Office. 

.. „ — Public Library. 

Wetteru Australia — Perth — Ihiblic Library. 


There are many other places where the 
abridgment volumes, but not the complete 
sfH^cifications, arc kept for reference. The list 
18 too lengthy to give in detail, but it may be 
obtained on application to the Patent Office, at 
*J5, Southampton Buildings, ('hancery Lane, 
London, W.C. It is worthy of note that no 
South African town appears among the places 
where complete specifications may be examined, 
for w’hich reason it may serve a purpose if we 
place on record that the volumes of abridgments 
be consulted in the Colonial Secretary’s 
Office in Cape Town, and in the Seymour 
rechnical Library, Johannesburg. 

The Search. We shall take for granted 
that our inventor makes his own search. He 
enters the Patent Office Library, which is open 
from 10 a.m. to 10 p.m. every week-day, and 
after having signed his name in the book at 
the portals, all the records are ready for his 
inspection, without charge whatsoever. He will 
find on the public tables nearest to the door full 
sets of name and subject indexes, one volume of 
each for each year. If he knows the ropes, he 
will pass these and select the volumes of 
“ abridgments.” 

In the British Patent Office patents are divided 
into 146 classes. The searcher must find into 
which of these classes his invention falls. Let 
us assume that he has invented a safety razor. 
He will find that group 30 is that for “ cutlery.” 
One abridgment volume of class 30 shows, in con- 
densed form, all the patents in the cutlerj' group 
for the four-year period ending 1900, and every 
quadrennial period is the subject of another 
volume. Every volume is index^. The inventor 
turns to “ razors,” and consults the specification 
numbers following it. He may go through all the 
volumes, and may consult every specification of 


A Void Patent. A patent that has 
become void has. of course, ceased to be a patent, 
and eveiyone is free to make the article. It may 
be that our prot^^‘ with the razor invention finefs 
that he has been anticipated. This means that 
he cannot secure the privileges of monopoljy 
for the article. But he may wish to know if 
he is at liberty to manufacture it. Should ho 
find that it was patenU^d more than 14 years ago, 
he may be quite sure that the paUuit is void. 
Shoulci the same article have been patented 
several times, and the first patent have become 
void, no one possi'sses any proprietary rights in 
the invention, no matU^r what payments may 
have been made by any subsequent inventor or 
patentee. If the pa 3 rment 8 upon the original 
patent have been maintained, the patent is valid, 
although a subsequent patentee may have ceased 
paying the requisite foes. A book in the PaUmt 
Office Library contains a record of payments 
upon every British patent, and may consulted 
by anyone. It is professed that the accuracy of 
the entries is not guaranttHjd, yet they an> 
invariably correct. Still, the w^archcr may» by 
going to another part of the building, and paying 
one shilling, see the actual fee register of the 
Patent Office, about the accuracy of which 
there is no question, and he may have an 
official certificate of the currency, or oUierwise, 
of any British patent, by paying a fee of five 
shillings. Tliis extreme is follow^ only for legal 
evidence. 

Taking Out a Patent. .We may assume 
that our friend with Uie safety razor is satisfied 
that he has not been anticipated, and that he is 
prepared to take out letters patent. We there- 
fore continue the subject by demonstrating the 
cost and methods of applying for patent rights in 
Great Britain and other countries. 
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APPLICATIONS OF HYDROSTATICS 

The Construction of Dams, Cofferdams, and Caissons. The Use of 
the Divingf BelL Tanks. The Value of Head ” in Foundry Practice 


By JOSEPH 

have spoken hitherto of the appli- 
cations of water pressure to the 
accomplishment of taark. But there is 
another aspect of the problem which the 
engineer has to take account of — namely, to 
sure that structures will be able to resist the 
enormous pressures to which so many of them are 
subjected. The law of liquid pressure is that the 
pressure varies as the depth, so that its increase 
is in exact proportion to increase in vertical 
depth. The engineer, therefore, has to devise 
means to resist tne hydrostatic pressure of water 
present in large quantities, and with increase in 
depth those difficulties grow. The most im- 
posing examples are those of dams closing the 
ends of reservoirs, or barring up the waters of 
streams. These are among the finest pieces of 
work in the world. In other cases the structure 
takes the form of a cofferdam, or of a caisson, 
both being used to exclude water from areas 
within which men have to work in the dry. 

Dams. Deep water in a quiescent state has 
enormous pressure. Though we associate force 
with water in motion, with 
the breakers, the ocean 
rollers, and the big tidal 
waves, these are the dyna- 
mtes of water. But wherever 
the engineer goes to work 
far lieneath the surface of 
still waU^r he is confronted 
with the inexorable laws of 
hydrostatics. Thus, take 
tlie case of a reservoir, or 
river barrage, the mouth of which is closed 
by a dam. The finest examples of dams 
occur at the mouth of the great reservoirs 
for water supply, and at the barrages of the Nile 
and other streams where they impound the 
water of floods for use in dry seasons. These 
dams are alwa 3 r 8 built of masonry, very broad 
at the base. Almost invariably they are pierced 
with openings, having lifting gates or penstocks 
for the regulation of the flow. An exception 
occurs at Gileppe, in Belgium, where the dam is 
absolutely solid, and the impounded waters are 
led away through pipes at each end of the dam. 

As the weight of a cubic foot of water is 
621 lb., that represents the weight pressing on 
a square foot of surface, multiplied by as many 
feet as the depth of the water. At a depth of 
60 ft., therefore, the pressure is 621 x 60 — 
3,760 lb., or a load approaching 1} tons on every 
square foot. Laterally, the pressure exerted at 
the bottom is about equal to the perpendicular 
force. Multiply this pressure by the total length 
of a dam, and the pressure is enoimous. It 
explains why, when dams have been under- 
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mined by water oozing through the foundations, 
and when the foundations have also sloped 
away in the direction of the lateral pressure, 
they have sometimes been swept away, canying 
awful destruction and death through the areas 
below. It explains the enormous thickness of 
the Gileppe barrage near Spa, 72 yards through 
at the base. The great Nile dam at Assuan 
[168] measures 50 and 60 ft. through the base in 
some parts. Its piers and arches are built on 
a solid foundation of masonry 10 ft. in thickness 
and 87 ft. in width, protected by cast-iron 
piling from all risk of the insidious filtration of 
water. The piles go down 23 ft. from the 
surface of the masonry floor into the sand of the 
river bed. This dam measures rather more 
than half a mile in length, contains 704,000 
cubic yd. of masonry, and required 824,000 
cubic yd. of excavation. It cost £2,450,000, 
was built in three and a half years, and is able to 
impound 1,000,000,000 tons of water. It is 
pierced by 180 sluices [shown in right hand 
figure, 168], which are capable of regulation, and 
can pass 475,(^ cubic ft. 
of water per second, at a 
velocity of 20 ft. per second. 

Cofferdams. Take the 
cofferdams and caissons 
just mentioned. These are 
the aids by which the 
engineer buil^ deep founda- 
tions in running streams 
and in tidal waters. Diving- 
bell work excepted, he has to 
build his foundations in the dry, even though 
they go down 20, 30, or 40 ft. beneath the bed 
of the stream. Hence, the cofferdam, or the 
caisson, is constructed first, enclosing an area 
from which the water is displaced, leaving it 
dry and ready for excavation, and for the laying 
down of masonry or concrete. The differences 
are, in brief, as follows. 

A cofferdam is usually built by piling and 
puddling. The structure may be round, square, 
oblong, or prismatic in plan view. In either 
case, it comprises two sets of piling — that is, 
there is an inner and an outer ring, or rectangle, 
or other form built of squared piles, driven in 
close contact down their sides. Between the 
inner and outer rows is a space of 3 or 4 ft., 
which is filled with clay puddle well punned 
down. Of course, piling involves more than 
this, as cross bracing with wale pieces, sheet 
piling, etc., but with these details we are not 
concerned here. The simple point is the con- 
centric rows of piles, with the puddled spaoe 
between, by which tl^ water is excluded from 
the central area, after it has been pumped dry. 
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This is a simple case, because if deep excava* 
UonB are required, or, say, those exceeding 
about 20 ft. in depth, the water would burst 
throng below the piles, and swamp the men 
and their work. In oeep Wndations, therefore, 
the cofferdam gives place to the caisson, which 
is sunk deeper in sta^, as the men excavate 
deeper. The diffiouluee here are far greater 
than those which exist with piled cofferdams. 

Csdsaons. A caisson is a tubular structure 
usually circular or elliptical, sometimes rect- 
angular and made of steel — though where 
timber is plentiful, as in America, often of 
wood. Ail around its bottom edge there is 
a sharp steel shoe, which is m^e to cut 
its way down into the soil by the weight of 
the caisson itself, or by extra loading on it. The 
caisson is made in sections, so that as it sinks 
deeper, fresh lengths are added above to keep 
its mouth always above the level of the water. 
Here, also, there are numerous details on which 
we cannot touch. But the essential fact to 
remember is the hydrostatic pressure. This is 
resisted by making the caisson very strong. 
Though the steel plates of which it is built do 


not exceed from | in. to f in. in thickness, they 
are braced together with diagonal bars to enable 
them to resist the water pressure surrounding 
them. Moreover, the lower parts are much 
stronger than the upper, because the pressure 
increases with depth. 

Deep Caieeona. But when caissons go down 
very deep, it is necessary to counterbalimoe the 
pressure of the water by opposing to it that of 
compressed air. That involves the separation of 
the working chamber from the atmosphere, and 
enclosing it completely, and Buppl 3 nng air by 
pumping into two atmospheres or more. That, 
again, involves the use of air-tight air locks, with 
double doors for preventing outrush or air from 
the chamber, as often as men and materials 
ascend or descend. Observe 159, which is a sec- 
tional view through the S.E. Inchgarvie caisson of 
the Forth Bridge. This working in compressed 
air is very trying, and is tlie cause of the caisson 
disease, but it is all due to the pressure of 
the water at great depths, which, without 
the counter pressure of the air, would force 
out the soil from the foot of the caisson, 
and follow it into the working area. Such 
accidents have often hap- 
ptmed, and mim have lost 
their livt^s in consequence. 
The water pressure is over 
present to cause anxiety to 
the engineer, and human 
foresight cannot always guard 
against th<*se dangers. For 
layers of stratn of different 
kinds overlap, and a tough, 
close clay may exist over a 
body of sand; or denser and 
looser gravel and boulders 
may intermix, and water will 
find out the weak places, and 
the on’y way to prevent its 
ingress is by counter pressure. 

The Diving Bell. The 
laws of hydrostatics and of 
pneumatics are often found 
in mutual operation. Wo 
saw that in the suckii^ 
pump, and we have noted it 
in deep caissons. It is also 
apparent in the diving bell. 
Down at Dover Harbour and 
elsewhere vou may see huge 
diving bells at work, pre- 
paring submarine foundations 
for laying concrete blocks on. 
Men work in an atmosphere of 
compressed air in the bells, 
which must be at least equal 
to that of the water at the 
depth of the bell, and is 
actually greater, in order to 
drive all, of nearly all, the 
water out of the bell. The 
air is, of course, pumped in 
from above. 

If we consider a moment, 
we see that there is no essen- 
tial difference between the 
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divinfl bell and the deep caisson having an en- 
closed working chamber. The closed chamber 
may be liken^ to the bell ; and, on the other 
hand, the bell would only need to have a cylin- 
drical tube attached to its roof and comii^; out 
above the top of the water, and be fitted with air 
locks to be in all respects, except details of 
mechanical construction, identical with a caisson. 
Even in the diver’s dress, water as well as air 
plays an essential part. It is a question of 
displacement of water by loadii^ the diver 
with heavy clothing, without which he could 
not get to the bottom against the pressure due 
to the head of water above, which, being much 
CTeater than that of the specific gravity of his 
body, would force him up. 

TanKa. Hydrostatic pressure assumes a 
rather different aspect when tanks of metal are 
required than in the reservoirs w^ith earthen 
sides or than with caissons. The device of 
having wide and well -sloped banks, as in dams, 
is not available in iron and steel tanks. Yet in 
many of these, very great pressures have to be 
sustained. A tank only 36 ft. deep would have 
over a ton of load on every square foot of its 
bottom — thus, 36 x 62’5 = 2,250 lb. There 
are only tw'o maU*rials used in tanks — cast iron 
and mild steel. 

The first are made 
of plates, from 3 
to 5 ft. square, 
bolted together 
through flanges ; 
the second arc 
built up of sheets 
riveted together. h , , 

The cylindrical [}:[| ^ (j 

form is stronger 
than the rect- 
angular, but is 
not so readily 
obtainable in cast iron, 
mat<erial are made of square or rectangular 
shape. Several precautions have to be taken, 
as follows. 

Ah the pressure on the bottnm is the greatest, 
and as it is difficult to make plates thick enough 
for the required strength, one plan is to afford 
a level support to the bottom, either on girders 
or beams, or on concrete. This applies to 
tanks of the largest dimensions maac. For 
those of smaller size, a cast-iron bottom is often 
made, well ribbed on its lower face, the ribs 
reinforcing the otherwise flat weak plate, and 
requiring no other support. Concave, and 
convex bottoms, and conical bottoms have been 
proposed, the cambering in either direction 
affording the required strength ; but such 
forms are neither so readily me^e, nor so easily 
Bupported as flat bottoms are. 

Wie sides of tanks are, of course, subject to 
greater pressure at the bottom than at the top, 
and therefore the plates, in the case of deep 
tanks, are of greater thickness as the depth 
increases. Thus, if the upper plates in a cast- 
iron tank are f in. thick, the lower ones may be 
I in. Nor is this sufficient, but the sides are 
held against pressure by several t^e-rods passing 
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right from side to side of the tazik and boltec 
fast thereto. To render tanks watertight, they 
are caulked. In cast work the flanges only 
abut by narrow edges, leaving a depth of flange 
of from 2^ in. to 3| in. open, and the space 
is caulked with rust cement, well stemmec 
in. Steel tanks are caulked by burring the 
edges with a caulking tool or chisel, precisely as 
boiler plates are treated. 

Molten Metal. There is another aspect 
of the subject which concerns liquids othei 
than water. Who has not heard of the fluic 
compressed steel, the inception of which was 
due to the late Sir Joseph Whitworth ? But that 
was simply an application of the principle which 
we have already noted as relating to the differ- 
ence between a natural head of water and the 
equivalent of head artificially produced by 
pressure. 

And the foundryman may not neglect this 
question of head, which is really intensified by 
the large difference in the specific gravities of 
water, and of liquid iron, or steel, or brass. 
He may take advantage of the fact, and by so 
doing ensure the production of sound, solid 
castings ; or he may neglect it, and find the 
fluid metal running out of the mould, or the cast- 
^ ing being honey- 

combed with 
holes. 

At two ex- 
tremes, therefore, 
we have the fluid 
compression and 
the natural head. 
The first is readily 
understood ; the 
molten steel as it 
cools and shrinks 
receives artificial 
pressure from 



hydraulic ram and pump. As shrinkage continues, 
the pressure is maintained until solidification 
occurs. The result is that instead of a more or less 
spongy ingot, from the upper part of which 
from one-third to one-half the length has to 
be cut off, to leave only the remainder as 
suitable for use, practically the whole ingot is 
solid and sound. Of such stuff guns are made, 
and propeller shafts, and anything else in which 
soundness is absolutely essential. 

••Head” in the Foundry. In the 
ordinary work of the foundry, head for 
purposes of pressure is obtained by pouring 
the metal at some height above the top of the 
actual casting, and letting it run down into the 
mould. Engine cylinders which hold steam 
under pressure, hydrauUc cylinders which carry 
water similarly, pumps also and pump casings, 
and aU work subject to pressure when in service, 
have special treatment in the foundry, in which 
advantage is taken of hydrostatic pressure. 

To ensure the most satisfactory results the 
method of casting upright is also often adopted — 
that is, instead, say, of pouring a cylinder or a 
ram or pipe with its longitudinal axis lying 
horizontally, it is poured with the axis m a 
vertical direction. 




Fig». 160 and 161 are Bactions tlirough two 
moulds of a hydraulic cylinder, drawn to 
illustrate these points. Fig. 160 is the mould 
arranged for casting horizontally. H is the 
head when the mould is filled with fluid metal. 
Fig. 161 is the same casting for pouring verti- 
cally, and here also H represents the head. 
'Fhe difference is very great, especially when we 
remember that it is not head of water, but of 
iron, which is about 7i times greater than that 
of water, a cubic foot weighing 450 lb. Suppos- 
ing that a pipe or cylinder were 9 ft. long, the 
difference in favour of casting upright due to the 
difference in length and diameter, would be, say. 
S ft. head at the bottom part of the casting over the 
horizontal position. And it would not lie 8 ft. head 
of water, merely, but 8 x 7^, 
representing nearly the speci- 
flc gravity of iron, or 8| for 
bronze, or over 7f for steel. 

** Dead - head/* But 
more than this is often 
done. The height of the 
fwuring basin A in the 
diagrams is often carried up 
from one to two feet above 
the top of the casting, with 
the object of increasing the 
head. And further, where 
great soundness is essential, 
extra length is added 
above, to be cut off from 
the actual casting, termed 
“head-metal” or “dead- 
head” [Bin 161], the actual 
length of casting as required 
when B is cut off terminating 
at a. The height of this addi- 
tion B is made less or more 
according to the amount of 
solidity required in the cast- 
ing. The writer has often seen 
as much as from one-fourth 
to one-third of the flnished 
casting added in the shape 
of bea^ to be afterwards cut off and remelted. 

This is a utilisation of hydrostatic pressure, 
but the function of the head is also to receive 
the dirt and sullage that is liable to get into a 
mould, and so be entangled in the metal. But, 
being of less specific gravity than metal, it 
rises and floats beyond the casting up into the 
head. Lastly, if one face of a casting is wanted 
more solid than others, this is ensured, when 
practicable, by casting that face lowermost, 
where the pressure is greatest. 
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161. MOULD FOR 
HYDRA UIJU CYLINDER 


Texture of Metal. To those who are 
unfamiliar with iron and steel, it might seem 
as though there could be no such thing as 
porosity and weakness present in them. But, 
unless the above precautions are observed, 
iron and steel become so spongy that they 
will allow the passage of w’ater through 
the pores when subject to hydrostatic test. 
This question of closeness of texture of metal, 
therefore, is a very important one, and a diffi- 
cult task to secure when very high pressures are 
in question. On page 1224 mention was made 
of the hydraulic canal lifts in 
France and Belgium working 
to a pressure of 470 lb. per 
square inch. This is an 
enormous pressure, consider- 
ing the size of the cylindeis 
— fi ft. 6J in. -- though it 
w'oiiki be low for small 
Iwres, and could not be sus- 
tained by any ordinary 
cast cylinder. It might 
he thought that there is no 
limit to the strength which 
may l>e ensured by making 
the metal in wauls very 
thick. That is not the 
case, as has been demon- 
strated in gunmaking. 
There copies a limit at 
whicli increased thickness 
does not add to strength, 
and this is the reason why 
the biggest guns are built up 
with layers of coiled wire, or 
by shrinking rings around 
the body. In the Belgian lift the 
cylinder, though 4 in. thick, was hooped 
around with coils of steel 2 in. thick, 
shrunk on, hecaiisf' it could not have 
been relied on to resist the- pressure 
without such reinforc<‘ment. 

It is an old story of how the press 
cylinder fractured during the lifting of 
the tube of the Britannia Tubular Bridge. The 
load was 1,144 tons, the cylinder 22 in. bore and 
H in. thick. It fractured at th(‘ bottom of the 
cylinder A [162], tearing the end away. The 
l^son then l(*arned, which has never betui 
forgotten, is not to have a keen angle in a 
structure subjected to great pressure. The 
cylinder cast to replace this was made with a 
nearly hemispherical curve, also shown [B], and 
it did not break. This form of end is now 
found on all such types of cyhnders for presses. 
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A Familiar Figure. Many of the muni- 
cipal civil servants whose callings we have 
discussed are but little known, even by name, 
to the general public whom they serve. Unlike 
these, however, the police officer does his duty 
under the eye of the jieople. By day and night 
alike, his blue-clad, helmettd figure is so familiar 
a feature of our streets and country roads that 
he needs no introduction to any of us. Nor need 
we trace the history of police development, 
interesting though it is, from the ancient system 
of “ hue and cry ” — when every man was a 
peace officer — by way of the city watch satirised 
by Shakespeare, and the decrepit “ Charlies ’’ of 
the eighteenth century, to the smart and 
efficient police forces of to-day. 

Without more words, then, we may pass 
to consider the police service as a career. In a 
work like the present, addressed very largely 
to students, and to young men who have not yet 
definitely chosen tlieir calling, special importance 
naturally attaches to the conditions of entry 
into the service. We shall therefore set^k to 
show the prospective police officer very clearly 
what physical and other qualifications are 
requisite for candidates, and what steps should be 
taken in order to gain admittance. Other 
leading features will be the duties and rates of 
pay in the various grades, the prospects of 
promotion, and finally the terms on which 
pensions are granted. 

Numbers and Conetitution. The 

police forces of the United Kingdom number in 
all some 63,000 men — a civil amw about as 
numerous as the medley of British, Belgian, and 
Hanoverian troops who lined the ridges of 
Waterloo. Of these officers 46,000 are stationed 
in England and Wales, and between 11,000 
and 12,000 in Ireland. We have termed the 
police a municipal body, and in the main 
that description is accurate. If we exclude 
Ireland, and that part of London which lies 
outside the City proper, every police force 
in the Kingdom is under the control of a local 
authority. They comprise two great divisions 
— the county and the borough constabulary, 
the former being controlled by a standing 
joint committee of the quarter sessions and the 
Coimty Council, the latter by a special committee 
— the Watch Committee — of the Borough 
Council. In the City of London, the Court of 
Common Council instead of the Watch Com- 
mittee is the police authority. 

To the general rule of municipal control there 
are but three exceptions. Tliey are very notable 
ones, consisting of the largest civil foroes in the 
Kingdom — the Metropolitan and Dublin Police, 
and the Royal Irish Constabulary. The tot, 
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although paid largely from municipal sources, 
is naturally, as the civil power for the capital of 
the Empire, controlled by the Home Secretary. 
The Dublin Police owe allegiance to the Chief 
Secretary for Ireland. The third body— doubt- 
less for old-time political reasons — is under the 
direction of the Lord-Lieutenant of Ireland. 
Nevertheless, as police organisation throughout 
the country is nearly uniform, it is expedient to 
include these three Imperial forces among their 
many municipal brethren, so that our police 
service may be considered as a whole, and 
within the scope of a single article. 

On such questions as the age and height of 
candidates and the rates of pay for officers of 
each grade, no fixed scale is operative, each local 
authority being empowered — within certain 
limits — to fix the standard for its own force. 
For the most part these differences are but 
slight, and the beat method of treating our com- 
posite subject will probably be to select as 
typical that largest of all police bodies — the 
Metropolitan Police Force, distinguishing where 
necessary between its regulations and ^ose of 
the City Police and the numerous county and 
Iwrough forces. The Royal Irish Constabulary, 
however, os a semi-military body with a special 
organisation of its own, will be separately con- 
sidered. 

The Metropolitan Police Force. This 
justly-renowned body, to which is entrusted 
the unique task of safeguarding the citizens 
of Greater London, has an area of 700 square 
miles under its surveillance. As an Imperial 
force it also furnishes men for duty at the Rmral 
palaces, chief naval bases, and War Officq 
factories and stores. Subject to the supreme 
control of the Secretary of State, it is directed 
by a Chief (k)mmi8sioner and his three assistants. 
According to the latest available returns, its 
strength is as follows : 


Chief Constables 

6 

Superintendents 

30 

Inspectors 

535 

Sergeants 

2,128 

Constables 

. . 13,990 

Total 

16,688 


Every constable is informed upon enlistment 
that he may hope to rise by activity, intelligence, 
and good conduct to the superior grades ; and 
aa each position below that of chief constable 
is filled by the promotion of subordinates, 
the scope afforded by this democratic service 
to a zealous and able officer is very considerable. 

Coiiditlona of Entry. Every candidate 
for the Metropolitan Police must be over 2i 
and under 27 years of age, must stand 5 ft. 9 in. 




ki^ (without boots or stockings), snd must be 
free from any bodily eonplaint, and of a strong 
coBstitntion. He must further be generally 
intelligent in the judgment of the offi<Ws 
befcure whom he presents himself, and must 
be able to read well, write legibly, and have a 
fair knowledge of spelling. He cannot be ac> 
cepted, as a rule, if he has more than two children 
dependent on him for support. 

The bodily complaints for which candidates 
are most fr^oently rejected include rupture, 
flat-foot, varicose veins, tumours, stiffness of the 
joints, narrow chest, and weak sight. 

An application, form for this service can be 
obtained from the Commissioner of Metropolitan 
Police, New Scotland Yard, S.W., and should 
be filled in by the would-be constable, in the 
presence of the chief c^cer of police feu* his 
district, with certain particulars as to his age, 
character, and calling. The chief officer then 
measures and certifies the candidate’s height 
and chest development, and the form, thus 
completed, is returned to the Commissioner’s 
office. If this preliminary inquiry is satisfactory, 
the candidate receives notice to attend at New 
Scotland Yard one morning, where his measure- 
ments are checked and he is carefully examined 
by a police surgeon. Having passed this 
ordeal and given proof of his general fitness 
for police duty, he is drilled for three weeks in 
squ^ exercises and ambulance duty. His period 
of probation is now at an end. He is sworn in as 
a police constable, and posted to one of the 
22 divisions of the force, where, after a little 
further instruction in his work, he finds himself 
at length a constable in earnest. 

Police Duty. Metropolitan police con- 
stables are required to perform eight hours’ 
duty daily. Night work is alwa 3 rs done in an 
unbroken spell, from 10 p.m. to 6 a.m. ; day 
duty is performed either at a stretch or in two 
spells of four hours each. The work may be 
either patrolling a prescribed round (in official 
parlance, a beat ”), or standing sentinel at a 
fixed “point.” The latter duty sometimes 
involves “ traffic regulation ” — the hated task 
of standing in the carriage-way at a crowded 
street emmer, directing the never-ending cross - 
tides of traffic. As a rule, the officer is engaged 
during alternate months on night and day work. 
The latter is pleasant enough, save in the worst 
of weather ; but tbe fewmer, with its long, silent 
hours and its encounters with ruffianism and 
crime, is both tedious and trying. To secure a 
savage prisoner single-hand^ amid a hostile 
crowd, in “ the wee sma’ hours ayont the 
twal,” taxes all the novkie’s courage and skill. 
But tact and judgment, ccunbined with a fearless 
bearing, are admirable solvents of the rough 
practical problems of street duty, whether by 
day or night, and the young constable soon 
be^mes seasoned to his work. 

River and Mounted Police. In addi- 
tiem to ordinary street officers, the Metro- 
peffitan Force includes two special branches 
— ^the Thames 'division and the mounted con- 
Hngeitt. The river force is recruited entirely 
from sailors and boatmen, who must be able 


to swim and skilled in the management of small 
craft. For the mounted section, preference is 
given to men who have served in a cavalry 
regiment, but any officer who is an expert rider 
ai^ understands horses can af^ly to enter it 
after six months’ service on foot. Except that 
the hcxrsemen are required to do 10 hours’ duty 
daily — five in tbe saddle and five in the stables — 
both river and mounted officers are subject to 
the ordinary conditions of the service. 

The Road to Promotion. After a few 
years of steady work in the ranks, a constable 
who is sober, reliable, and shrewd may look for 
promotion to the rank of sergeant. Tlie first 
step towards this object is to obtain his super- 
intendent’s recommendation — generally through 
the kind offices of a friendly inspector. Caoai- 
dates thus selected are first subjected to a pre- 
liminary trial in writing and arithmetic by the 
station clerk, and those who there acquit fliem- 
selves passably, and have mastered police squad 
drill, are “ sent up for sergeant.” 

The first and most trying part of the actual 
ordeal for promotion is an examination in police 
duty by a board consisting of a chief constable 
and four superintendents. The aspirant for the 
sergeant’s stripes is required to make out written 
reports specifying exactly what steps he would 
take on a given contingency arising — a fatal tire, 
an accident to his Majesty’s mails, the escape 
of a prisoner under arrest, pr some such emer- 
gencies. If his answers show both knowledge of 
police powers and discretion in wielding them, 
he is called before the examiners to answer viva 
voce a few searching questions based on the 
“ police instruction book ” — a formidable manual 
of police law and practice. Many candidates 
fail at this stage through nervousness or over- 
confidence, when an instant’s quiet reflection 
would have saved them. 

The survivors undergo a simple examination 
in writing and spelling, reading and copying 
manuscript, elementary composition, and the 
first four rules of arithmetic. Those who pass 
are then appointed sergeants as vacancies occur. 

An intelligent officer is usually afforded two 
or three chances of “ passing for sergeant,” but 
only the specially recommended are promoted 
without examination. 

Inspectorships. For advancement to the 
grade of inspector a more difficult examination 
must be taken, the test of police duty being 
more exacting, and the arithmetic paper in- 
cluding weights and measures, reduction, and 
vulgar and decimal fractions. A capable, well- 
educated man, who does his doty with zeal and 
discretion, and has kept his “defaulter’s sheet ” 
clean, should be able to attain an inspectorship 
without undue delay. But the higher positions 
available, as sub-divisional and chief inspectors, 
and as superintendents, are so few and so eagerly 
contested that further advancement is necessarily 
slow and uncertain. An examination in Englisn 
subjects and in advanced knowlet^e of police 
duties and administration is prescribed for each 
rank. Promotion is said to be slowest in the 
mounted branch. 
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The C.l.D* The detective branch of the 
Metropolitan force hae ite headquMters at New 
Scotland Yard, and though officially dencribed 
as the Criminal Investigation Dej^rtment, it is 
bettor known to fame as the C.I.D,, or “ the 
Yard.” It is specially devoted to the repression 
of grave crimes, and such as involve elaborate 
inquiries or present other special difficulties ; and 
if the work of this department scarce realises the 
sensational descriptions of novelists, it is in sober 
earnest very responsible and trying, and occa- 
sionally dangerous. On the other hand, the 
absorbing interest of detective duty, the special 
rates of pay for sergeants and higher officers of 
this branch, and the chances of personal dis- 
tinction and valuable rewards, attract to the ranks 
of the C.I.D. the ablest members of the force. 

To become a detective, however, is far from 
easy. Every officer is individually selected from 
the uniform staff, and must display in that 
capacity exceptional shrewdness and resource 
in dealing with crime ere “ the Yard ” will open 
its gates to him. The usual method of selection 
is to appoint a smart young uniform officer on 

f irobation for awhile as a plain-clothes patrol, 
f he makes good use of this opportunity he is 
eventually transferred to the dete(;tive branch. 

Pay, Allowancea, and Pension. The 
various ranks of the Metropolitan Police are paid 
on the following scale, with increased allowances 
for special duty at the palaces and elsewhere. 
Whether calculated on the weekly or yearly pay, 
the increment is in every case an annual one. 

Constables, 25s. (kl., by Is. a week to 33s. 6d. 
a week. 

Sergeants, 36s., by Is. to 428. a week. 
Sergeants (detective) in three classes, £2 Os. 6d., 
by Is. and 2s. a week to £3 Os. 8d. 

Station sergeants and clerk sergeants, £2 78. 6d,, 
by Is. to £2 lOs. 6d. 

Inspectors (divisional), £2 lOs., by 2s. to £3 7s. 
Inspectors (sub-divisional), £3 ISs. 6d. a week. 
Inspectors (chief), £4 78. 

Inspectors (detective) in two classes, £3 ISs., 
by 2s. and 4s. to £5 ISs, 

Chief inspectors (detective), £6 Is., by 48. 
to £7 Is. a week. 

Superintendents, £320 a year, by £20 to £420 
(six receiving £25 a jrear good service allowance, 
and one £50). 

C.I.D. and other officers employed in plain 
clothes, ore allowed from £10 to £18 Ss. a year 
in lieu of uniform ; and, as uniform boots are no 
longer issued, inspectors receive instead 8Jd a 
week, and sergeants and constables, 6d. Officers 
of the last two grades, who are not fiWJcommo- 
dated in the police-station quarters, are entitled 
to an allowance “ in aid of rent,” which varies 
from Is. 6d. to 4 b. a week, according to the 
district in which they reside. Smart, well- 
oonductec^ men are eligible for employment in 
the Houses of Parliament, museums, ana Govern- 
ment offices, at an extra Is. a day ; and for 
special “ reserve pay ” of 48. weekly for 
inspectors, Ss. for sergeants, and Is. 6d. for 
constables. 

The scale of ^nsions for the Metaopolitan 
force is a very liberal one ; indeed, it is the 
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miximum permitted by statute. Apart from 
special rates for officers injured on duiy, those 
who are invalided after 15 years’ service, or more, 
receive proportionate life pensions. Further, 
the ordinary rates permit of retirement €U wiO, 
after 25 years’ service, upon J^ths of full pay, or 
after 26 years at the maximum rate of two- thirds 
of such pay. Thus, a constable entering the 
force at the age of 21, and reaching the gr^e of 
chief inspector, for example, is entitled to retire 
at the age of 46 on a life pension of over £135, 
or at 47 on £150 a year. 

City of London Police. This fine body, 
the admiration of all visitors to the heart 
of the capital, numbers a thousand men in all. 
The conaitions of recruitment are practically 
identical with those of the Metropolitan Police., 
save that the standard of stature is 1 in. higher, 
the age of admission is lowered to 20 years, and 
a chest measurement of 36 in. on deflation is 
essential. The hours of duty are the same ; but 
the City, thronged by day, and well-lit and 
orderly by night, is a pleasanter patrol-ground 
than most districts in the Greater London 
area. 

Salaries average higher for subordinate ranks 
than in the Metropolitan force. Uniform con- 
stables, commencing at 278., rise in six years to 
408. a week, and are eligible, after 15 years’ 
service, for the “ merit class,” receiving 42s. 6d., 
whilst detective constables receive from 378. to 
45s. There is, however, no rent-aid allowance. 
For sergeants in either branch, the maximum is 
£2 12s. a week. Higher posts are remunerated 
at about the same rate as outside the CMty ; but 
the work of the detective staff is relatively less 
important, and its inspectors are restrictm to 
£3 lOs. a week, whereas chief inspectors of the 
uniform branch attain 308. more. The City 
pension scheme permits of retirement after 25 
years’ service on three-fifths of full pay ; but to 
attain two- thirds, it is necessary to serve for 
28 y^>ars. 

County and Borough Constabulary. 

The conditions of entrance into the numerous 
local forces comprised under these two divisions 
vary a good deal, particula^rly on the score of 
age. Some chief constables accept recruits as 
young as 19 years, and will not enlist them after 
the age of &. In Scotland, under a general 
restriction, police recruits over 25 years of age 
are not accepted. A good many fix 30 as the 
maximum, but the average limits are 21 
to 26 or 27, with occasional extensions in 
favour of ex -Army men — who are generally in 
request for police duty. Candidates who con- 
template joining a constabulary force should 
apply to the local Chief Constable for the regula- 
tions of entry. 

Many borough, and even county forces, are 
almost as small as Namgay Doola’s army. 
Several of the former can muster a bare dozen 
officers for full parades ; Louth, Tiverton, 
Clitheroe, and oH^rs — unless they have lately 
added to their numbers — are below even that 
modest figure, and (according to an eminent 
authority on the police service) nave not a solitaiy 
inspector among them all. Of county forces. 



Rutland's is least, numbering 15 of all ranks ; 
and Lancashire heads the county list with nearly 
1,600 officers. Hiis latter figure, however, is 
surpaaaed by Liverpool, which boasts the largest 
boroo|^ force in this country, and one that 
merits special notice. 

The s^ngth of the Liverpool Police Force, 
according to recent statistics, is 1,884 men (in- 
cluding 10 superintendents and 69 inspectors), 
■ind comprises a river force, a police fire brigade, 
and a small mounted contingent. Excluding 
the Chief Constable and his deputy, the ratc8 
of pay are : 

Constables, 25s. to 336. a week. 

Sergeants, 368. to 428. a week. 

Inspectors, £115 to £166 yearly. 

Chief Inspectors, £165 to £215*. 

Superintendents, £240 to £420. 

Chief Clerk (a police officer). £450 yt*arly 

The pension scheme is on the same lilKM-al 
footing as in the Metropolitan force, and there 
is a “ merit class ” for sergeants and constables, 
carrying extra pay. 

The Transfer Clause. In county forces, 
and those of the smaller boroughs, the general 
level of salaries is somewhat smaller than at 
Liverpool. Constables’ pay sometimes starts at 
as little as a guinea a week, and for higher grades 
the average rates ore approximately as follows : 
Sergeants, 328. to 378. a week ; insi)ectoi’H, £100 
to £130 a year ; and superintendents, between 
£140 and £220. Further, many minor police 
forces, owing to the scarcity of higher positions, 
offer practically no prospects of promotion. 
Fortunately, however, there is a valuable pro- 
vision in the Police Act of 1890, which enables an 
ambitious officer w'ho finds himself so unfortu- 
nately placed, to transfer, under certain con- 
ditions, to a more promising force, without 
forfeiting the service he has already rendered 
towards a pension. Under section 4, clause 4, 
of that Act, “ an officer's approved service of 
not less than three years in any police force in 
the Kingdom, shall be reckoned as service 
in any other such force to which, with the 
written consent of his chief officer, he may 
remove.” 

The Chief Constable. The premier 
position of chief or head constable, in a county 
or borough force of any magnitude, is a valuabh* 
one, commanding an income of from £400 to 
£600 a year, and often considerably more. At 
Bicmingham, Sheffield, and the West Riding the 
salary is £800, at Manchester £1,000, and at 
Liverpool £1,400 a year. These posts arc rarely 
filled by direct promotion. Some are held by 
able officers from the Metropolitan force, and 
othm by retired officers of the Army and Navy, 
and ex-inspectors of the Royal Irish Constabu- 
lary. 

With regard to pensions, the majority of police 
authorities have adopted the maximum scale 
which, as already explained, prevails in the 
Metropolitan force. A number of them, how- 
ever, instead of sanctioning voluntary retirement 
after 25 or 26 years’ service irrespective of age, 
require officers to remain in the ranks until 
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they are 50 or 55 years old. unless invalided 
earlier. 

In Scotland, 34 yeai-s' service is requisite to 
secure the full pension of two-t birds of pay 
Lists of the pay and pension scales of the many 
county and borough forces, with much othei 
useful information, will be found in Mr. 
Stanley Savill’s unique work on “ Tlie Police 
Service,” published at 69, Great Queen Streii. 
W.C. 

Irish Police Forces. In lieu of a multi- 
plicity of small forces, Ireland has tw'o 
important ones — the Dublin Metix)politan Police 
in the capital, and the Royal Irish (Constabulary 
throughout the country. The former, seme 
l,3U0 strong, is based on the model of its London 
namesake, but with certain differences. Candi- 
dates must be betw een 20 and 26 years of age, of 
” a i-easonable degree of education,” and with 
some knowledge of grammar and arithmetic. 
Each must also present testimonials from a 
magistrate or clergyman, and must own £1 lor 
necessaries on joining. Tlic j)ay f)f constables 
rises from 238. to 3()s. a w^ock, that of a sergount 
from .34s. to 38 b., of an inspc^ctor from £120 to 
£160 per annum, and a superintendent from 
£250 to £320. All the upper grades arc filled by 
promotion from the ranks. 

Royal Irish Constabulary. This notable 
body is practically a civil army of 10,500 officers 
and men. R.L(^ troops aw housed inl)arrackM, 
and trained to the use of arms ; their drill 
and duties are semi -military at least, and their 
officers — as in the Army — are drawn from a 
class quite distinct from that of the rank and file. 

Constables. Candidates for this service 
must be l)e tween 19 and 27 years of age, of good 
health and (^haraotor, and unmarried. The 
minimum height is 5 ft. 9 in., and the chest 
development must Iw 36 in. at least. Sons of 
members or of pensioners of the force art' 
admitted at 1ft years if they arc well-built and 
stand 6 ft. 8 in. or more, iicforc admission, all 
candidates are examined in reading, writing, 
and the first four simple rules of arithmetic. 

In addition to barrack-room accommodation 
and rations on the military scale, the pay of 
recruits is £.39 a year. On completion of six 
months’ service this Injcomes £54 12 h., with 
allowances, and afterw^ards rises by increments 
of £2 12 h. every throe years (approximately) 
to £70 4s., the maximum pay for constables. 
Sergeants receive from £75 8s. to £80 12s., and 
hea^ constables from £91 to £104 a year. 
Prospects of promotion Ijeyond this grade are 
very scanty. A pension of three-fifths pay may 
be claimed after 25 years’ service. 

Officers. Cadetships in the R.I.C. aw 
awarded — usually to the number of eight or ten 
each year— on the result of competitions limited 
to candidates who have been nominated by the 
Lord- Lieutenant of Ireland. ' A minimum height 
of 5 ft. 8 in. is essential, as well as good sight 
and hearing, Mid a sound constitution. Details 
of the examination aw given in the schedule 
on next page. 
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CIVIL MfIVICC 


ROYAL IRISH CONSTABULARY CADET COMPETITIONS 


Eiiamlniiiff Body, 
Ttme and Place of 
Examination. 


Subject! of Bxaminatioa. 


Fee and 
Age Limit!. 


Civu> Service Com- 
MIHHION. 


As required : 
Usually once each 
year. 
Dublin. 


Enolish Subjects : Arithmetic, Spelling, Handwriting, English 
Composition and Correspondence, Geography (especially 
Brituh Isles), and British History (including Ck)nstftu* 
tioual). 

Digest of Eeturns into Summaries. 

Precis. 

Latin or French. 

Principles of Law. 

Law of Evidence. 

Beading aloud (print and MS.). 


£ 2 . 

21 to 26 years. 

(19 to 26 for sons of 
Constabulary officers : 
21 to 28 for officers 
of Army, Navy, or 
Police in certain 
instances.) 


Note. There is an oral examination in French. All candidates 
must bo nominated by Lord-Lieutenaut of Ireland. 


There are also Bpocial competitions limited to 
the sons of constabulary officers. 

A successful candidate, while undergoing his 
cadet’s course of instruction, must be provided 
with a small allowance to supplement his pay ; 
and on being appointed third-class inspector, the 
cost of his outnt, which varies between £40 and 
£00, must also be defrayed. 

TTie salaries of the Koyal Irish Constabulary 
officers are as follow : 

District inspectors (3rd class), £125 ; (2nd class), 
£165 to £180; (Ist class), £225 to £300. 

County inspectors, £3^ to £450. 

Town inspector, £600 ; and a few higher posts. 

Advancement to the second class is generally 
speedy. In each grade a certain number of 
officers receive good-service pay. 

The duties of the Royal Irish Constabulary have 
included in the past a great deal of distressing 
and distasteful work, but now that agrarian 
outrages on the one hand, and evictions on the 
other, are virtually unknown, the conditions of 
the service are greatly improved. It is plain 
that its monetary prospects — whether from the 
view point of the officers or their men — are not 
strikingly brilliant. Nevertheless, the outdoor 
life, and the soldierly character of the force, have 
always attracted a considerable number of 
applicants for posts tn each grade. 

Having completed our review of the police 
services, we may here add a brief reference to 
legal posts under the municipal authorities, 
other than the town-clerkships discussed on 
page 989. 

Solicitors to Local Authorities* 

The legal branch of the corporation will always 
offer good positions for men of brains, good 
address, and administrative capacity,” writes a 
leading municipal officer of wide experience. Such 
posts, indeed, are often very valuable. The soli- 
citor to the City of London receives £2,500 a 
year, and his legal colleague, the comptroller, 
£500 less. The remuneration of the solicitor 
and deputy clerk to the London County Council, 
who was formerly its parliamentary agent, 
commences at £1,200, and rises to £1,500 a 
year. In the metropolitan boroughs and Icuger 


towns the appointment of solicitor to the 
council is of an average value of at least £750 a 
year, and often reaches nearly twice that figure, 
without restriction as to private business. 
These latter positions, however, are jealously 
retained, for the most part, by solicitors of 
established practice and of considerable local 
influence, and are therefore attainable only by 
partnership or succession. Easier of access for 
the young lawyer without influence is the post 
of assistant solicitor under a leading authority, 
such as is occasionally advertised in the munici- 
pal press. These positions are often of con- 
siderable value. Under the great London 
cour nls they are remunerated with £1,000 a 
year, whilst Manchester pays £450 and New- 
castle £400. Further, they involve (as we saw 
in the case of the appointment under the Brad- 
ford Corporation already quoted in the Town 
Clerk’s section) a useful variety of duties, on 
the strength of which a good many assistant 
solicitors obtain lucrative town -clerkships. 

Other Legal Posts. Omitting High Court 
and police-court appointments, which belong 
to the National Section, there remain a host 
of other municipal offices available only to a 
solicitor or to ” counsel learned in the law.” 
They range through the whole gamut of dignities, 
from the Recorder of London, with his knight- 
hood and £4,000 a year, down to the clerk of 
indictments on a judge’s circuit, earning as 
many hundreds. The intermediate grades are 
occupied by county court judges (£1,500 to 
£2,6()0), registrars (about £800 to £1,000), and 
minor clerks of the peace, etc., at all salaries. 
But such posts as these are in their nature legal 
rather than municipal ; they are available oSy 
to lawyers of stsmding, and, moreover, are 
seldom (if ever) definitely pursued by aspirants 
from the outset of their professional life. They 
are dependent on the myriad uncertainties of a 
legal career — on the prfiwtitioner's reputation in 
his profession, his local opportunities, peculiar 
gifts or influential friendi^ips, and much else 
which might fitly be included in a compendious 
guide to the law, but which would be out of place 
in a Civil Service course. 


Continued 
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axes, making a rectangle EFOH. Divide AE 
into any number of equal parts (say four), 
and join each of these points with C. Divide 
AO into the same number of equal parts, and 
from D draw lines through 1, 2, 3, and 4, to 
intersect those from C, Through the respective 
points of intersection draw the curve AC. 
Ih*oceed in the same manner, as shoi^m, with the 
other three g^uarters of the ellipse. 

880. The Same. Fourth Method, by Means 
OF A STRAiaHT EdQE, OR PaPER TrAMMEL. 
Place the axes as before. Take a piece of paper, 
or long flat ruler if the ellipse bo large, and 
make EF equal to AO, and EO equal to CO. 
Place it — the trammel — so that F is on the minor 
axis, and G on the major axis. E is then a 
point on the curve. Any number of points 
may thus be found, being careful always to 
keep F on the minor and U on the major axis. 
Draw the ellipse through the points thus 
obtained. 

881. To Describe an Ellipse Passing 
Through any Three Points A, JB, C \ not 
IN THE Same Straight Line. Join A and B 
and bisect in O. Join CO, and produce, making 
OD egual to CO. Draw parallels to A B through 
C ana D, and to ('D through A and i?, thus 
forming a paru Hologram. Proceed as in 
problem 879. 

882. To Find the (Centre, Axes, and Foci 
OF A Given Ellipse. Draw any two parallel 
chords EF and C//, and bisect them in J and K. 
A line through J and A’, and terminated by the 
curve, is a diameter. Bisect it in O. With O 
as centre, and any convenient radius, describe 
an arc cutting the ellipse in L, 3/, and N. 
Join L and and M and N. Through O 
draw parallels AB and CD to LM and MN 
respectively. AB and CD are the axes. The 
foci \F and f] are found as in 877. 

888. To Draw a Tangent and a Normal 
TO AN Eu.IPSK from A GiVEN PoiNT E IN THE 
Curve. Find the axes and foci as in 882. 
Join the foci (with E and produce FE and fE. 
Bisect the angle FEG by the line //J, which is the 
tangent. For the normal, draw a perpendicular, 
KE, to the tangent. Or, bisect the angle GEL 
by the line KE w'hioh is the normal. 

The Parabola. This curve is the locus 
of a point w’hich moves so that its distance from 
the focus [F, in 884] alw'ays equals its distance 
from the fixed line called the directrix, DD. 
Thus Fa ~ aL, or Fc = cM. In 884, AB is the 
a line drawm through the focus F, per- 
pendicular to the directrix DD, and meeting the 
curve in the point F, which is the vertex, al, 
c2, etc., are ordinates ; aa\ cc\ etc., are double 
ordinates ; and hh' (through the focus) is the 
lotus rectum. A part of the axis between the 
ordinate of a point and the vertex of the curve 
is the abscissa— e.g., 3F is the abscissa of the 
point d. 

884. To Draw a Parabola, the Focus F 
AND THE Directrix DD being Given. Throu^ 
F draw the axis AB perpendicular to DD. 
Bisect AF in F, which is the vertex of the 
curve. Take any points 1, F, 2, 3, 4, etc., and 
through them draw the ordinates. With F as 
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centre and radius A 1 cut the ordinate in a and 
a'. With radius AF, and again the focus as 
centre, cut the ordinate through F in 6 and h\ 
With F as centre again, and radius A2, cut the 
ordinate through 2 in c and c'. Proceed in the 
same manner with any other points. Draw the 
parabolic curve through the points. 

884a. To Draw a Tangent and a Normal 
from a Given Point P in the Curve. Join P 
with the focus F [see 884], and draw PE 
parallel to A B. Bisect the angle EPF by HG, 
which is the tangent. PJ a perpendicular to 
HG is the normal. 

885. To Draw a Parabola, when the Axis 
AB AND AN Ordinate BC are Given. Pro- 
duce CB to D and make BD equal to CB. 
Construct the rectangle CDFE. Divide .4F 
and EC into the same number of equal parts 
(say three). Join ^ to 1 and 2 in EC. From 1 
and 2 in AF draw parallels to A B intersecting 
the other lines. Through the points of intersec- 
tion draw the curve CA. Repeat the method 
for the other part of the curve, as shown. 

The Hyperbola. This curve is the 
locus of a point which moves so that its distance 
from the focus bears a constant ratio (greater 
than unity) to its distance from the directrix. 

886. To Draw the Hyperbola, when the 
Ma.)or Axis AB and the Foci F and / are 
Given. In AB produced, and beyond F, take 
any number of points, 1, 2, 3, etc. (It is better 
gradually to increase the distance between the 
points, as shown.) With centres F and / and 
radius A 1 describe arcs at a, h, c, and d. From 
the same centres, with radius Bl, intersect the 
other arcs at a, b, c, and d. With centres F and 
/ and radius A2 describe arc^* at e, /, g, and 
h, and intersect them with radius B2 from the 
same centres. Proceed likewise with the radii 
.43 and B3. Draw the curve through the 
points of intersection. 

387. To Describe the Hyperbola, having 
Given the Focus F, the Directrix DD, and 
the Vertex F. And at a Point. P, in the 
Curve to Draw a Normal and a Tangent. 
Join FF and produce both ways. Draw Vv 
perpendicular to CB and equal to FF. Draw 
Cv and produce. On VB take any points L, 
M, F, O, etc., and through them draw the 
double ordinates perpendicular to FB, meeting 
Gv in 1, 2, /, 3, etc. With centre F and radius 
L\ cut the double ordinate through L in a, a\ 
With same centre and radius M2 out the double 
ordinate through M 'mb, b'. Proceed similarly 
for the other points /, f\ c, c\ d, d'. Through 
these points draw the curve. 

For the tangent, join F with the point P. 
Draw FE perpendicular to FF, and intersecting 
the directrix in E. Draw EP, the requir^ 
tangent. The normal is PG, perpendicular to 
the tangent. 

888. To Draw the Hyperbola, having 
Given AC, half the Major Axis, OH, a Double 
Ordinate, and CD, the Abscissa of the 
Point Q or H. Draw the rectangle OHJK 
about CD and OH. Divide OD, HD, HJ, and 
OK into any number (say three) of equal parts, 
and number the parts as shown. From A draw 




lines to the points on OH, and from C lines to 
ihe points on GK and HJ. The ihteroections of: 
Cl isith ill give the points a and and the 
other resTOctive intersections give the other 
points 6, o', through which the curve is drawn. 

Cycloidal Curves. A cycloid is the 
locus of a point on the circumference of a circle, 
which rolls along a straight line, and always 
revolves in the same plane. 

The epicycloid is the locus of a point on the 
circumference of a circle, which rolls along the 
outside of another circle, both circles remaining 
in the same plane. 

When the circle rolls along the inside of 
another circle, both keeping in the same plane, 
the curve traced by the point is called the 
hypocycloid. 

The moving circle is the generating circle ; 
the line upon which it rolls is the director ; 
and thepoint tracing the curve is the generator. 

889. To Dkaw the Cycloid of the Point 
P IN THE Generating Circle PPM, which 
Rolls'-Alono the Dibector PP. Divide the 
circumference into any number of equal part.s 
(say 12). Through the divisions draw parallels 
to PD, and make the one through C (the centre 
of the circle) equal to the circumference of 
the circle. Divide this parallel into 12 equal 
parts. With 1 as centre and radius CP, cut 
the parallel through F in N. With same 
radius and centre 2 cut the parallel through 
P in O. Repeat the method with 3, 4, 5, 6, 
etc., as centres. Draw the cycloid through the 
points P, N, 0, T, etc. 

Note. If the point (generator) is not in 
the circumference of the circle, the locus is 
termed a trochoid, and is found in the same 
manner as the cycloid. 

890. To Draw the Epicycloid, the Director 
AND the Generating Circle, the 
Point P being Given. Divide the circum- 
fewnoe into any number of equal parts (say 12). 
Join L, the centre of the mrector arc ADB, 
with D, the point where the director touches the 
^Derating circle, and produce to P. DP is the 
diameter of the generating circle. Measure 
the arc DA equal to half the circumference of 
^e generating circle; this is Ixjst done as 
follows^: The angle DLA bears the same ratio 
to 180 as the radius of the generating circle 
does to the radius of the director. Thus, if 
DC = 2, and LD = 5, the angle DLA ; ISO'’: ; 

2 : 5— i.e., &DLA = 360°, or DLA ~ 72°. Draw 
LA making 72° with LD and, produce. With 
centre L describe an arc through C. This arc 
is the path of the centre of the circle when 
filing, and 6' is the position of the centre when 
P reaches A. Divi^ G6' into six equal parte, 

X ' ^ ^ centre L describe arcs 

from 1, 2, 3, etc. Prom centre P with radius 
CD cut the arc from I in E. From centre 2' 
and game radius out the arc from 2 in i?’. Pro- 
oe^ simaarly for the other points O, H, and J, 
and ateo for the other half of the curve, which 
w to be drawn through the points A, J, H, Q, 

Ft Sp etc. 

891. To Draw the Hypocycloid when the 
Pirbctob ADB and the Generating Cibole 
UU 


Dp ARB Given. Proceed exactly as in the 
preceding problem. Dtuw the half curve Ay 
through the points e, /, 9, h, and A. ^ 

Miacellaneoua Spl^la. The invol^^te 
of a circle is the locus of the extremity of a 
perfectly flexible thread unwound from a 
circle and kept cbnstantly taut. 

392. To Draw the Involute of a C5ircle, 
Divide the circle into any number of equal 
parts (say eight). At the extremity of each 
radius draw a tangent to the circle, and make the 
one BF from B equal to half the circumference 
of the circle. Divide BF into four equal parts 
Make IG = Rl, 2D = J52, and 3R = R3. Draw 
the curve through the points P, C, D, E, etc. 

898. To Draw an Archimedean Spiral, 
THE Longest Radius, GA, and the Number 
(say Two) OF Convolutions being Given. 
Describe a circle with radius OA. Divide OA 
into as many equal parts as convolutions 
required (two). Divide the circle into any 
number of equal parts (say six), and draw the 
radii, OB, OC, etc. Divide Aa into the same 
number of equal parts (six). Make Ob = 06, 
()c = G4, Od = G3, etc. Draw the first con- 
volution through the points A, B, c, d, e, f, a. 
The second convolution is parallel to the first. 

894. To Draw the Ionic Volute, the 
Cathetus, or Greatest Radius, AB, being 
Given. (Goldman’s Method.) Divide AR 
into nine equal parts. With centre A and 
radius equal to one equal part describe the 
circle for the eye CD, Bisect AO and AD in 

I and 4, and construct the square 1234. [See 
smaller figure, j Join A 2 and A3, and trisect 
A2 and A3 with great care. Through the 
points of trisection 6, 7, 10, 11, draw lines to 
obtain the smaller squares, 5 6 7 8 and 9 10 

II 12. With centre 1 and radius IB describe 
the first quadrant to meet 1 2 produced in 
F . With centre 2 and radius 2F describe the 
second quadrant to meet 2 3 produced in C. 
Proceed in like manner for the other quadrants, 
being careful to take the centres successively 
as figured. An enlarged drawing of the con- 
struction is given. 

The inner curve is obtained thus: Make 
ch - CB, and the perpendicular hi =A1. 
Join c and 1. Make be = BE, and at c draw 
the perpendicular ef. Prom A (above and 
below), set off Ag and Ah each equal to ef, 
and construct the dotted square. Trisect as 
before for the smaller dotted squares, the 
comers of which are the centres for each quadrant 
of the inner curve. 

895. To Draw a Spiral Scroll by means 
OF Semicircular Arcs, having Given the 
Greatest Diameter AB and the Number 
OP Convolutions (say Three). Divide AB 
mto SIX equal parts in 1, 2, 3, 4, and 5. Bisect 
3 4 m C. With centre C and radius C3 or C4 
describe a semicircle. With centre 3 and 
r^UB 2 3 make another semicircle. Then with 
C and 3 as centres alternately, and radii 02, 

Clp and 3 1, 3A, r^pectively and alternately, 
describe the remaining seinioircles 

Continued . 



HOW TO PRODUCE SOUND wisie 

Comet Poflitkm of the Hands— oontinued. How to Deoress the 
Kcts. Eseerctses. Snstained Tones. Restini^. Tono-qnaltty 


Bf M. KENNEDY-FRASER 


WK shall try now to rest the hand on the kevs 
~ in the ^fodiiion of 6 [page 1212], but in the 
mdUion su^^^ted by 6, remembering always 
lat the conation is the essential thing. To get 
.is we must try carrying the loosely hanging 
and to the keyboard by a movement of the 
,rm, lowering it till the iinger-tips touch the 
.eys, and then continue this gentle lowering 
»f arm till the forearm, wrist, and knuckles 
:>rm almost a straight line, the knuckles standing 
ast a little higher than the wrist by reason of 
le very gentle, yet firm, standing-up action 
m the part of the fingers. 

For the first 
i»8son, then, 

Itefnate the 
tudy ofthe hang- 
ig hand with 
hat of finding 
:eyB quickly and 
urely all over the keyboard; and, as soon 
ks possible, combine the two, carrying the 
308e hand up and do>vTi the keyboard in 
bedience to the eye, w’hich picks out the 
lotes. As we do so, let the arm invariably 
dace the finger-tip over its key, the hand 
aking no active part. We shall take single 
lotes thus, but shall not read from the pai>er, 
eeping the eyes rather for watching the ami. 
land, fingers, and keyboard. 


These fire, again, jointed in three portions; 
but we shall, in the meantime, treat them 
as one. 

These four portions of the arm can either 
support their own weight or hang limply ; or they 
can, together and separately, be exercised down- 
wards. Tlie muscles that serve to lift or support 
them are distinct, or opposite, from those that 
lower them, and if the two sets are unnecessarily 
employed together ^ they become “ opposing 
muscles. We w'ill call the lifting muscles the 
“ up muscles. When we wish either to lower 
or to let fall a limb (or part of a limb), or to exert 
it downwards, we must not use the opposite, or 
“ up,” muscles. If wo let the hand hang quite 
loosely from the end of the arm [6], we have 
relax^ the up muscles of the hand. 

Curved Line of Finger-tips. Now 
let us drop the hand in this way over the keys. 
Then gently lowering the whole arm, the longest 
fingers will first come into contact with the 
ivories, and will curve slightly palm wards as the* 
wrist continues to descend. When all five fingers 
have reached the keys, we shall find that their 
tips form quite naturally a crescent curve. 
And if the fingers are properly doing their 
supporting work, fingers and hand together will 
form an arched dome over the keys. 

The Knuckles. As we have seen, the 
five fingers on the five keys gently support the 




Pick out thus, D’s, C's, E’s, B's, F‘^, A's, 
md G’s. Let the hand hang limp from the arm ; 
^arry it about like a flail. When the finger- 
-ip^touches its note, let the forearm at the iirist 
l^cend to the normal play’ing position [7J. Lift 
he band again by means* of the arm, the finger- 
Jp being loth to leave the key, and so cfa capo all 
3ver the keyboard. We may find it easier to 
/ork for a while with one hand and arm* then, 
'esting this completely, continue the experiment 
tvith the other. 

Knowledge of the Arm. The pianist 
must know his arm as intimately as he knows 
lis instnunent. The arm is joint^ and we can 
wk its different portions singly or together, 
t has four joints. (1) Upper Arm (shoulder 
o elbow) ; (2) Forearm (elbow to wrist) ; 

3) Hand (wrist to knuckles) ; and (4) Fingers. 


weight of the loosely hanging hand. We know 
that to do this they must be slightly active — active 
enough to cause the knuckle at the junction of 
finger and hand to protrude slightly upwards, 
rather than sink in. It is important to remember 
that none of the finger- knuckles should be per- 
mitted to sink in, neither the hand-knuckles, 
nor those nearest to the finger-tips. Bending 
the latter inwards is a common fault witii 
beginners, and one which must be carefully 
guarded against and corrected. 

The mere weight of the hand, supported by a 
very slight bracing up of the. fingers, is insufficient 
to weigh down the ivory end of the see-saws, and 
so the hand may rest thus on the surface of the 
keys, without overbalancing them. This must 
be practised daily, resting on the surface of key 
witn limply hanging hand. The student would 
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find it a great help to get a second person fre- 
quently to toss up the forearm of the player just 
at the wrist, llie tips of the fingers would 
remain resting on the keys, to make sure that 
the hand was stiU left hanging free from the fore- 
arm, and had not locked itself — like the locking 
of the front wheel of a bicycle — into the condition 
prohibited, as in 6. If this assistance is not 
available, the student should, just as a pre- 
paratory experiment, toss up the arm with the 
free hand. 

Silent Keyboard Practice. And now, 
with the limp hand supported by the fingers 
resting on the ivory en<fc of the see-saws (but 
still not depressing them), the forearm, at the 
wrist-joint, should be swung gently up and down 
(without any help from the other hand), care 
l)eing taken that the gentle resting weight on the 
keys, borne up from the tips of the fingers to the 
knuckles, is still felt. This bearing-up sensation 
in finger action is one that we must never, in 
all our playing experience, forget. 

Matthay says : “ The sensation accompanying 
all correct touch is that of work done upwards. 
In walking, standing, or running, you have a 
similar effect. It is true that your feet press 
upon the ground, but the exertion is upwards. 
And the moment you feel, at the piano, as if you 
were acting downwards, you may be sure you 
are employing the wrong exertions,” 

The sec^ond important maxim to be remem- 
bered is that the hand hangs loosely from the 
forearm, but it and the fingers may hear upunrds 
by reaction from the keys. 

The Key ae Extension of the Finger. 

Matthay says : “ The key is but a machine- 
lever, handle, or tool, to enable us to create 
speed in the string — an intimate elongation of 
our body.” 

We have, so far, likened the key to a see-saw. 
Let us now use additional similes, and liken it to, 
say, a tennis racket, a cricket bat, or a golf club. 
Like these, it is a prolongation of the hand, a 
tool with which we hit the hammers against the 
strings, ” to create speed in them,” and so, in 
learning how to rest on the keys, we have learnt 
how to take hold of our tool. We must learn 
to move the key ; and here, at the outset, it is 
evident that we must never hit our tool, but must 
rather take hold of it, and hit with it. “ We 
must never aim at the key, but always with it,” 

And now, before learning to move the key, 
let us recall our first maxim. 

Two-fold Uoe of the Key. The key 
has a two-fold function, therefore we have two 
separate and distinct things to do with it. We 
must (1) move it swiftly downwards to produce 
tone (hammer function). As soon as we hear the 
beginning of the sound the key’s hammer- work 
is done. Then, if we wish (2) to prolong the 
tone, we must oontinue to lean gently (rest) on 
our depressed end of key, that its other end may 
oontinue to press up the stem of the damper, and 
so keep its felt-lined wooden head ^ in. distant 
from the strings. It takes very little to hold the 
damper up, so for this purpose a very light 
resting on our end of key suffices 
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Since the key has two functions, and it 
is best to learn one thing at a time, we shall 
try first with the finger how best to fulfil the 
hammer function of the key by key-movement. 
And let us, before trying with muscular activity 
and limb weight to move such a small thing as a 
piano key, try first an experiment on a larger 
scale with, say, an open door. The open door is 
the key, as at 2 ; our action in closing it is 
analogous to moving a key down. We have 
shut a door ever since our toddling childhood, 
and learned to do it, therefore, in the days when 
we were keen experimenters. We found it was 
of no use to shut it sharply, but instead, leaning 
gently against it with the hand or body, in order 
to judge its inertia or power of resistance, we 
gently and persuasively moved it forward. Now 
let us try to think that all the keys are little 
doors which we are shutting, and, with the hand 
resting on the keys, supported by the fingers, let 
the middle finger, say, push its key away, and 
the moment we hear the sound let the key 
rebound. Try this repeat9dly with one or other 
of the fingers. If we have used the finger in the 
easiest and most effective fashion against the 
key, we shall feel as though the impulse within 
the finger wore an ujnvard one — upward by 
reaction from the key and finger-tip to its hand- 
knucklc. “ Action and reaction are equal and 
opposite ” ; therefore, what the finger-tip does 
to the key, its knuckle-end does equally, in the 
opposite direction, to the hand. 

Recapitulation. Let us try this again — the 
hand hanging limp from arm, resting on finger- 
tips. The finger gently supporting this loose 
weight rests on the key, and feels resistance of 
the key as we should feel resistance of the door 



8. THE DAMPER 


A. ivory key-eud depressed b. Damper on string 

B. Damper off string c. String 

a. Ivory key up 

we wish to move ; then, pushing the key as 
we should push a door, set a see-saw in motion 
or move forward a swing with someone sitting 
in it, the feeling caused by this exertion of the 
finger will react upwards against the hand. 
We must cease this exertion the moment we 
hear the ” beginning^' of the sound.” The key 
will come up, the damper will go down, and the 
tone will ceaae. When we hear the tone thus 
suddenly cease, we must not lift the hand off the 
keys, al^ough the key is now up, but let the hand 
still rest on the fingers, and each finger on its tool 
(key), ready to move one or Miother at will. 
Tones produced thus will all be short-lived, 
staccato and detached [8]. 

Sustained Tones. To produce sustained 
tones we must avail ourselves of the key’s second 
function, its damper control. To keep a key 
down is as easy p move it down At its softest 
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Many pianoforte students, ignorant of the dual 
nature of the key's function, continue to use as 
much force against the key to keep it down 
as they used to move it down for a forte. To 
sustain a tone, however loud, we need do no more 
than lightly rest on the depressed key. The 
fingers must learn to keep the key down at their 
easiest. Try how gently we ne^ rest on the 
keys to keep them down. It is the same kind 
of resting we did when the key was up, but 
sligMly heavier. 

Resting. We have learnt now the two 
kinds of resting — the resting that is not heavy 
enough lo move the keys, and the resting that is 
just heavy enough to keep them down. These 
“ restings,” although they occupy so much of the 
time of the performance in a alow movement, are 
of the nature of waiting — waiting for the vivid 
movements of tone production — and are always 
the same, or vary very slightly. But the other 
thing we have to do to the key — the moving of 
it — must vary with every desired variation of 
tone. And the possible variations in this 
key-movement we shall now deal with. Tones 
may vary in (a) pitch, (6) quality, and in (c) 
quantity. For the pianist, the pitch of each note 
is fixed, but on his manner of using the key 
depends entirely the loudness and quality of 
the tone, and these can be affected by him only 
during the key -movement. 

Tone«quantity. The pianist docs not, 
like violinist or singer, make tone continuously — 
he makes tone in spurts and the instrument 
does the rest. As everything depends on these 
little spurts of exertion or impetus added to the 
resting, they must be accurately aimed. The 
key may continue its movement a little l>eyond 
the beginning of the sound, but must never 
be aimed past it. The key must be aimed 
to hit the sound, not to hit the little ” buffer ” 
pad beyond it. “ The greater the speed of the 
movement of key, hammer, and string, the greater 
the tone-quantity produced by them ” ; so if 
we want a loud tone we must get up speed in the 
key-movement. If we want pianissimo (the 
very softest tone), the key must move as slowly 
as compatible with the production of sound. 

Touch Formation. Pianissimo can only 
1)6 obtained by the use of “ weight touch,^’ 
and is got by moving the key with the same 
slightly lapsed weight of the whole arm which 
provides the “ resting ” at bottom of keys for 
tenvto and legato. Tty weighing down a 
common chord — say, C E G — thus. And now 
realise that, in doing this, we use a triple 

mqfcular combination” — t.e., finger exertion, 
hand exertion, and arm weight. All these three 
touch components may (1) be thus used together ; 
or (2) we may eliminate arm weight and use only 
finger and hand ; or (3) we may use finger 
exertion only “ with loosely lying hand and self- 
supported arm.” This last Mr. Matthay has 
chmtened first species of touch formation ; the 
second (finger and hand) he has termed second 
species ; and the oth^ (finger and hand exertion 
and aim wei^t combined) he calls third species. 
Upon a thorough understanding and a proper 
application of these three distinct species of 


touch formation greatly depends success in piano- 
forte playing. 

Now, ” pp}} ” is evidently third species, for 
in it the key is moved down by the lapsed weight 
of the arm levered on to the keys by the exertion 
of the fingers and hand. Weight" and exertion 
alike ore in this case very slight. In producing 
tone thus, we have produced it at its very softest. 
At the same time the biggest tone obtainable 
from the instrument is got by the same triple 
combination — viz., (1) arm weight levered on 
to the keys ; (2) finger; and (3) hand exertion ; 
but in this case the exertion and the weight are 
alike proportionately greater. 

When we use only finger exertion with hand 
weight (first species) wo can get great agility 
w'ith little tone. When we use finger with 
hiyid exertion behind it, and hold away the weight 
of the arm (second species), we get less speed 
and more tone ; when we use finger and hand 
exertion and more arm weight than for ‘‘ pp,” 
w^e get large tone, but still less speed. 

Tlius, roughly, we have dealt with tone- 
quantity and speed across the keyboard. 

T one-quality. The way in which key move- 
ment is started greatly affects the tone-quality. 
Thus a suddenly started movement gives us 
a hard, brilliant, clean-cut sound, whilst a 
more gradually started movement yields a full 
sympathetic tone. To be artists we want 
mastery of both qualities, and of all gradations 
of them. This mastery depends largely on our 
capacity for easy muscular discrimination. 
We must learn to use the different parts of our 
pianoforte limbs independently, or combine 
their actions and inactions at will. It may 
help us here to think of our fingers as little legs, 
and to imagine these miniature limbs running, 
walking, stepping up stairs, or running down 
hill, while the loosely lying hand is the body 
which they must always carry. The loose 
weight of the arm, on the other hand, is a bur- 
den which they may carry or not at will, a burden 
that may be thrown off when the little legs 
want to run very fast or very lightly — i.e., 
prestissimo or leggierissirm). Now we must learn 
the trick of burdening and unburdening these 
little legs and bodies, letting in or lifting away 
the weight of the arm. As we learnt alternately 
to support and relax the hand, we must now 
learn to do so to the whole arm. 

Arm Control Exercioes. (1) Hang- 
ing limply from the shoulder, let the arm be 
tossed about by an external agency (our own free 
arm or that of a second person) ; lot it remain 
perfectly passive, therefore limp. 

(2) I^ow, resting the fore-arm horizontally on 
another arm, learn to distinguish these three 
possible different conditions : (a) actively press- 
ing the arm down on another (using the 
down muscles of the arm), a condition never to 
be employed in our present stage in pianoforte 
pla3dng, and later only' very slightly at times — 
it would crush and lame and impede the move- 
ments of the nimble little runners ; (6) merely 
letting our arm be in contact with the other, 
without really resting on it at all (using the 
up muscles of the arm) — this would lift the 
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burden completelv off the little bodv and legs ; 
and {e) resting tne whole limp woi|^t of our 
arm on the other (completely relaxing all the 
mnsoles of the arm), a very necessary condition 
at times, and one that must be induced, during 
key-movement, for really big tones of any kimT 

Let us work at this till we perfectly realise 
the three sensations : (a) Pressing down, almost 
invariably bad ; (h) merely touching without 
real resting — necessary for agility passages ; 
(c) letting the loose weight of the arm rest 
— this “ to provide the little spurts in big 
tone key -movement (called third species of 
Touch formation). Let us experiment with 
other people. Children usually master these 
willed variations in muscular condition much 
more quickly than adults. Do not let us con- 
fuse the required passive heaviness of relaxed 
resting with the undesirable active down 
pressure of the muscles of the arm, nor the stiffly 
rigidly held arm with correct gentle support. 

The arm has four portions, and in the action 
and interaction of these different portions 
what the finger is to the hand the hand is to 
the forearm, and what the hand is to the 
forearm the forearm is to the upper arm, and 
so also the upper arm to the shoulder. It is 
always a case of one joint further removed 
from finger-tips. And, having recognised the 
general sensation of muscular conditions — i.e., 
muscular action (limb supporting itself), and 
muscular inaction (limb hanging limp) — we 
must learn to locate and practise these in the 
separate portions of the arm. In such ex- 
periments, lift the portion gently ; to feel its 
weight, balance it up and down, alternately 
lifting and letting it fall ; then, finally, relax 
the upholding muscles entirely and drop it. 

General Principles of Relaxation 
Exerciaea. Remember the general principles 
of all such exercises : (o) Gentle contractions 
lor lifting or sup{K)rting a limb or part 
of a limb ; (h) absolutely loose, uncontrolled 
relaxations, allowing it suddenly to fall again 
at a definite moment of time. Such practice 
is more mental in its aim than physical — f.e., 
it is not HO much for the sake of strengthening 
and making flexible the muscles, as of training 
the mind to recognise and easily recall the 
sensations accompanying divers muscular con- 
ditions, and to make the limbs obey the will. 

Technics at the Piano. Now let us 
return to the keyboard and apply this, taking 
any simple finger exercises. Such materials 

(technics) should always be memorised. 

A time-honoured form, to be found in most 
collections, is this : Take the long notes here 
as representing a resting 
on the top of the normally 
undepressed key ; do not 
depress them to their 
low level. With the 
moving finger do not try to push the key 
too far down, endeavour to work only “ to 
the sound '' ; remember that the hammer 
reaches and propels the string just before 

we reach the key-bed felts. £n>eriment with 
different degrees of relaxed weigiit behind the 
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fingers, ai^ always see to it that the fingers’ 
work ImIs upwards reaction from the key. 
In using muoh wei^t b^ind the filn^^, 
practise at first invarUbly staccato, and so let 
the weight be unconscUmsly caught up again by 
the upholding mnsoles of the ana. 

If, wh^n* first practising with much weight, 
we play tenuto or legato, we shall risk letting 
the big weight of the loose arm continue to be 
a bunmn on the fingers, and this it must never 
do, as it would result in k^-bed squeezing, 
and ruin our agility and powisrs of expression. 

Equaliaing the Fingers. We must 
DOW try to equalise the fingers in the ex- 
ercises; we must get the same quantity and 
quality of tone from each finger. The thumb 
is very apt to force down ; try to get with it 
also the sensation of playing “up” towards the 
hand. Its best position is that with the nail- 
joint in line with the 

U IJ L) IJ I (®)* 

ri SSv nNv obliquely across it, thus 
\ \ \ ^ or (c). Of course, 

a h c d ^wo adjacent 

notes are to be sounded 
together by the thumb, its nail -joint must then 
lie obliquely to the two keys (d). The whole 
thumb in the normal position should be held well 
away from the hand. We shall probably find that 
the fourth and fifth fingers of the hand seem to 
be the weakest, and we shall want to know how 
to strengthen them, how to make them “ equal ” 
with the other fingers. 

Rotary Adjustments. In the forearm 
we have two long bones which can roll over 
each other, enabling us to rotate the forearm 
and with it the hand. We can thus turn the 
hand either palm upwards or palm downwards, 
or merely tilt it from side to side — a rotary 
motion of hand and fore-arm, a movement of 
the wrist round its centre, like that of a wheel 
roimd its axle. But we have seen already in 
the case of motionlessly upbearing fingers and 
loose lying hand that there can be muscular 
action and inaction without any visible movement. 

The muscular habits of this forearm rotary 
control form no exception to the rule. We may 
visibly rock the hand to and fro, thumb side 
to fifth finger side, and vice versA, with a 
rotary movement (as w’^e do for certain tremolo 
effects), slightly rolling the fore-arm. 

But, when we wish it, we can summon these 
rotary muscles to our service invisibly. We can 
relax the muscles that hold up the hand at one 
side or the other “ rotarily,” and the hand can 
then be made to tend to fall to either at will. 
In this way, weak fingers, making use \>f the 
weight which is tending to fall, will bear up 
against it, ■ and at the same moment bear 
equally against the key, and, moving it swiftly 
down, pr^uoe a good tone. We can also make 
use of rotary exertion. At the weak finger 
side of the hand, then, use “rotary adjustment,” 
remembering only in proportion as we bear up 
with the finger against this rotarg tendency to fcM 
do we bring the weight to hear ^ecttvely on the 
keys. 
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have now to describe the structure and 
the function of the skin ; the care of it 
will be dealt \iith in the section on health. 

The skin [67] consists of two layers, the inner 
one called the dermis or cutis vera, which 
contains all the nerves of touch and feeling and 
all the blood-vessels ; and the outer one, the 
epidermis^ or false skin, so called because 
it is over the true skin. It is thin, and contains 
no nerves or blood, so that when you prick it 
lightly, as in the finger when sewing with a 
needle, there is no pain and no blood. 

The Hair and the Nails. The hair 
and nails are really hardened parts of this outer 
layer of the skin. Perhaps a short description 
of these will show how wonderfully even tht‘ 
epidermis is made. Being only the outer skin, 
one would think that it could not contain 
anything very interesting. We will therefore 
begin with the hair and the nails, the structure 
of which is remarkable. 

How Hair Grows, 
like a hyacinth or 
tulip, from a bulb 
deeply planted in 
the true skin, from 
which it continu- 
ally keeps growing, 
while at the same 
time it dies away 
at the extremity. 

The surface of the 
hair is, as it were, 
thatched with cells 
overlaying each 
other like tiles, 
while the centre 
is not hollow, but 
filled with a sort 
of pith. Straight 
hairs are round, 
while wavy and 
curly hair is 
oval ; black is the 
coarsest, and flaxen 
the finest. Hairs 
do not grow 
straight out of the 
skin, but at an 
angle, so that they 
can be made to lie 
down flat. In the 
head they gener- 
ally all radiate 
from one centre, and number about 100,000. 
It is calculated that four sound hairs will 
support a pound weight. The whole body is 
covered with them, though they vary greatly 


in length and (juality. Those of animals serve, 
of course, for the purposes of clothing ; in man, 
th^ are principally*an ornament. 

Each hair grows out of a deep pit in the skin, 
that descends right through both false and true 
skins into the underlying layer of fat. This pit 
is lined throughout with the cells of the 
epidermis, or false skin, just as if the pit 
had been made by pushing in the skin. These 
tile-like cells that line the sides of the 
hair-pit point downwards, w'hilo the tile- 
liko colls covering the hair point upwards, 
the one thus locking into the other, and pre- 
venting the hair from being easily pulled out. 
When, however, it is drawn out, it generally 
brings away the sides of the growing pit with it. 

The Hair Bulb. At the base of this pit 
is a small pimple or bulb, made of the same 
epidermal cells. Just os the outer layers of 
this are about to die, they form a horny 
substance, as we shall see they do in the 
skin, but of a very superior nature. The 
outermost dead 
layer of cells in- 
stead of lying 
about anyhow 
ready to be brushed 
oil; os it does on 
the skin, has the 
colls arranged, as 
wo have seen, like 
tiles. The growth 
from below is 
fairly rapid, and, 
as no cells fall off 
above, the young 
hair is soon pushed 
up out of the pit, 
which it exactly 
fills, and goes on 
increasing in length 
until the growing 
bulb at the base 
is exhausted, when 
it finally falls off. 
Just as the hair 
leaves the skin a 
tube opens on each 
side of the “root” 
or hair pit, up 
which is discharged 
a natural pomade 
for the hair. At- 
tached, too, to the 
bulb on the under side of the hair, and 
passing upwards to the skin, is a small band 
of muscle, which, by contraction, has the 
power of erecting the hair, so that it stands 
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Each hair sprouts. 



07. VERTICAL SECTION OF THE HUMAN SKIN 

(Greatly magnified) 

I. Epidemiie. 2. Coriurti, or true skin. 3. Papillae, dhowin^ blood 
vesgplg (vascular papilla*). 4. Paplllse, showing nerve endings (tactile 
papilla*). 6. Nerve fibres. 6. Sweat glands. 7. O^ninm of 
excretory ducts of sebaceous glands. 10. Muscles of hair follicles. 

II. Hair follicles. 12. Outer root sheath. 13. Inner root sheath. 
14. Fibrous substaiu’e of hair. 15. Medulla of hair. 16. Hair 
bulb. 17. Papilla* of hair bulb. 18. Shaft of hair. 19. Adipose 

tissue. 20. Artery. 21. Vein 
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up or bristles when the person m agitatedt as 
with foar» etc. 

Frequently small bubbles of air get im- 
prisoned in the hair, as they do sometimes under 
the nail, forming silvery or white patches. They 
make the hair silvery in appearance, which is quite 
different from hair. The latter is due to 
the pigment bemg all gone out of the hair with 
a^, the former to the refraction of light in the 
au:-bnbblos in the hair. 

The Naila. The nails [68] are beautifully 
modified outgrowths of the homy substance of 
the skin, and are of great use in giving firmness 
to the fingeHips and in grasping sme^ objects. 
They iprow in a peculiar manner, for at the 
base of a nail the outer skin is folded inwards 


into a deep trench, ^ 

from the l^ttom of \ \ J 

which these homjr 
cells of the epi- 
dermis grow up 
in the same way i 
08 in a hair ; ' 

this time, how- . 

over, in the flat 

shape of the ®«- transvkbse section op 
trench, instead of ^ 

fit A rATinrl alionn ^^*«*** 2. Nall bed (flbrous 
the round shape gtronmnud bUKHl-vegaelB). 8. Nail 
of the hair-pit. wall. 4. Nall Krf»ove. 5. Paplll® 

Tliev /irf’s fpfto fronti nail 6< Mulpisblan layer, 

j iiey are iree irom ^ Dsrma. 8. Horny layer. 

all pigment. 

The true skin which forms the lied of the nail 


is in ridges and furrows like a ploughed field, 
and the horny nail os it is pushed up from below 
often shou's corresponding ridges [69]. 

The Skin* The false skin itself merits 


a short special description, if only to show the 
true interest and romance that pervade the 
story of the simplest and least complex of the 
body structures. 

In the first place, the epidermis, like the rest 
of the body, is alive — that is, all but the outside 
of it. 


In the next it is composed of from a dozen 
to twenty or more layers of living cells, packed 
side by side and layer on layer, just like the 
bricks in a wall. Each of those cells — like every 
other ooU in the l>ody — not only is born, grows, 
matures, ages, and dies, but eats, drinks, breathes, 
frequently moves, and certainly works, not only 
doing its share in supporting the general 
structure, but aiding in some special way 
bcflides. 


History of a Skin Cell* The life 
history of one of these cells is interesting [70]. 
Bom by the parent cell squeezing off part of 
its own body, it begins an independent life, 
the young cell forming one of a row of similar 
ones in the deepest layer of this outer skin, and 
next to the true one. Here the young cells 
are placed the side of a small blood-vessel, 
wbi(m supplies them regularly with fresh air 
and their share of food. The colls are very 
busy carrying on a most important work, for 
to them is entrusted the manufacture of pig- 
ments frmn certain materials they take out of 
the blood stream and store up in their own 
bodies ; they thus produce the colour of the 
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skin. Of course, if the person be fair and the 
sl^ nearly oolomrless, they are not hard worke^ 
though, whan there is m^h heat or the sun is 
shining on the skin, they get very active, and 
produce the clear brown Imown as tanning, so 
commonly seen at the seaside ; at other times, 
for some reason or other, they arrange the 
extra colour in little circles called freckles. 
But where the skin is dark brown or copper, 
or yellow or black, thek work is, of course, 
immensely increased. After a time they become 
parents themselves by squeezing off part of 
their own bodies in their turn, and these new 
cells now lie next the blood-vessel, their parents 
having to mount a row higher and nearer the 
surface. 

We have spoken of the bodies. It must 
bo understood that each of these cells is com- 
posed of an irregularly shaped jelly-like mass, 
and is far smaller than the smallest speck that 
can be seen with the naked eye. The parents 
have now to depend for all their nourishment on 
their offspring next the blood-stream, who pass 
on what they can spare. Soon the parents 
become granciparents, then great grandparents, 
and being further removed from the blood- 
vessel — their only source of food — they get less 
and less of it, and as a natural consequence 
become smaller and smaller. Just before they 
die of starvation, however, the layer of cells next 
the surface sets to work onco more, and manu- 
factures a peculiar homy substance called 
keratin or horn— partly, it is suspected, out of 
their own bodies. This gives firmness to the 
surface of the skin and to the outside of the 
hair ; then, reaching the surface, the particles 
of keratin lie in countless thousands in fine dust. 



69. LONGITUDINAL SlfiCTION OF A 
TERMINAL PHALANX 

1. Bone of last phalanx. 2. Boot of 
noil. 8. Nall. 4 . Horny layer of skin 


which can be 
shaken out in 
clouds at night 
from one’s 
garments, and 
scraped or 
bmshed off the 
skin. They are 
often seen on 
a baby’s cheek, 
and similar 
cells form the 
bloom on the 


grape. 

Such, then, in bold outlines is the story of one 
of the most insignificant structures of the body. 

The True Skin. Coming now to the 
Cutis Vera, the derma or true skin, we observe 
that it differs in evenr way from the epidermis. 
It is arranged in riches and furrows in many 
places, the folds of which the epidermis follows. 
The ridges are covered by double rows of 
papillse, which are small projections connected 
with the organ of touch. Tnere are also every- 
where sensory nerves connected with the 
ordinary sensations and pain, small tubes 
connected with the openings on the surface 
called pores, innumerable networks of capil- 
laries and lymphatics, and little glmids that oil 
the hair. There is also a quantity of elastic 
tissue which enables the tme skin to stretch. 
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mid the whole of it on a layer of fat [71], 
varying from J in. to 3 in. in thickness. 

We will consider these stmctures and their 
uses in the order in which we have named 
them. 

The Organa of Touch . The first 

are the organs of the sense of touch. This 
sense is principally connected with those 
ridges where, in double rows, are the elevations 
called papilla, or pimples [72], of which we 
have spoken. Over other parts of the skin 
the papillae are more or less thinly scattered, 
but no- 
where so 
regularly 
arranged as 
in the hand 
and foot ; 
they are 
about one- 
hundredth 
of an inch 
long. Each 
papilla is 
a perfect 
network 
of blood- 

0 8 8 0 1 3 

and most 70. epidermis, or outer layer of 
of them SKIN on cheek, showing pork and 
contain an hair 

nvn\ LnHv The total thicknega is Mot more than that 

oval uoay 

sometimes 

like a small silk cocoon— consisting of nerve fibres 
closely wound round each other. There are also, 
in some cases, little bulbs on the nerve fibres 
like small oranges. Although they are organs of 
touch, yet these papillffi are never allowed to 
come in contact with the object touched. 
They are all covered over with the epidermis, 
or scarf-skin, which is only thinly spread over 
the papillae, but is thicker between them ; so 
that the papillae are isolated by it, and it is 
easier to tell which one is touched. Unless 
the papillae were covered with the epidermis, 
the sense of touch would be lost. All feeling 
of touch is in the skin, but in very different 
degrees in the various parts of the body ; for 
instance, if the skin on the back is touched at 
the same time with the two legs of a pair of 
compasses two inches apart, only one touch is 
felt ; whereas on the tongue or fingers, however 
little the points are separated, tux) touches are 
felt. If a small portion of the skin be scraped 
off, and the raw surface be touched, a feeling of 
pain is felt, but there is no sense of touch. 

The tips of the fingers and the tongue have 
the finest sense of touch, which, however, may 
be lost if the object touching them be very 
cold or very hot. This delicate faculty of 
touch is the sentry of the body, giving im- 
mediate warning of the character of the substance 
with which the body is brought into contact. 
Animals, and especially those which wander 
about at night, are endowed with a far more 
subtle sense of touch than human beings. Cats, 
tigers, and others of the feline race, are very 
sensitive in the stiff hairs or whiskers pro- 



truding from the face, by which they discern 
the character of any near object before it 
actually touches the skin or fur at all. 

Sensation of Touch. We may now con- 
sider certain sensations of touch and pressure. 
The whiskers of cats, the antennae or ‘^feelers ” 
of insects, the wings of bats, the trunks of 
elephants, the hands of man, ajre all instruments 
of touch. They acquaint their owners with the 
size, form, and other characteristics of bodies. 
Touching is as different from mere feeling os 
listening and looking are from more hearing and 
seeing. This sense, however, often leads us aistray 
if not corrected by other faculties, such os eye- 
sight. The cavity in a tooth felt by the tongue is 
always imagined to be much larger than it is. 

Curious illusions exist with regard to touch. 
If the eyes are closed and the first and middle 
fingers crossed, and a small pea or bead placed 
between them, two peas or beads are felt. 
This is caused by two parts of the fingers being 
enabled to touen the same small object, which 
they could not do unless they were crossed ; 
so the mind wrongly concludes that there are 
two objects. 

At first touch is not loc^alised by the brain — ■ 
only felt. An infant pricked by a pin only 
cries, but does not avoid the injury, because it 
does not know where it is. As it grows older a 
map, as it wore, of the body is formed in the 
brain, enabling it to tell at once the point 
touched. 

Sensation of Pressure. Pressure is a 
different sensation from mere touch. A card 
on the back of the hand touches it, but a 


leaden weight presses it. 

The judgment of weight is based on the 
amount of pressure and of muscular effort 
needed to raise it. By lifting a weight it was 
found that a man 
could distinguish 
19i oz. from 20 oz. ; 
while by the mere 
difference of pres- 
sure in laying the 
weight on the nand, 
he could only dis- 
tinguish 14^ oz. 
from 15 oz. The 
combination of the 
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FILLED WITH OIL, SHOWING 
THEIR SIGNET-RING SHAPE 

(Greatly magnified) 


two gives the most 
accurate results. 

If a pin is pressed 
gently against the 
skin, the sense of 


touch is excited ; or, still better, if it is held 


between the thumb and finger, the feeling it 
excites is at once referred to the pin. If, 
however, the finger is pricked with it, there 
is pain even after the pin is taken out — no 
longer connected with the pin, but with the 


JUlgCI. 

A finger can discern ^blindfold whether it is 
touching silk, velvet, cotton, flannel, wood, 
iron, or stone ; but if the outer skin be cut off, 
and the under skin left raw, only pain is felt 
when any object is touched, and their special 
sense is lost. 
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The accuraoy of the Kcn«e of touch depends, 
as we hsYe seen, on the nearness together and 
sensitiveness of the papills?. Tnc differences 
in various parts of the body are as follows. 
Two sensations are produced by the points of 
a compass at the fculowing distanoes : Tip of 
tonjme, l-24th in. apart ; tip of forefinger, 
1 • 12th in. apart ; nose, | in. apart ; palm of band, 
i in. apart ; back of liand, 1 in. apart ; arm or 
leg, 1 ^ in. apart ; back of neck, 2 in. apart ; 
thigh, 2^ in. apart ; and back, 3 in. apart. 

Common Sensation. Under the head 
of common sensation are included the sense 
of temperature, pain, pleasure, itching, tickling, 
etc. This sensation does not depend upon 
the touch corpuscles merely, but upon the 
sensory nerves in the skin. This fact is im- 
portant; for instance, the sense of touch does 
not depend on the thinnosH of the epidermis, 
but upon the number of touch corpuscles, 
and is lionce most acute at the tips of the 
fingers. Sensation, on the other hana, depends 
directly on the thinness of the epidermis, and is 
most acute on the back of the hand, cheek, cte. 

Common sensation is a great protection of the 
whole body, for just as the wall is the defence 
of a fortified town, and when that is passed 
the town is taken, so is the skin the vital forti- 
fication of the body, to which it is such a power- 
ful defence that when it is gone to a great 
extent the life got^s Isio. 

The nerves under llu‘ skin are like the coast- 
guards round our coasts, and give immediate 
warning to the central government when any 
enemy attacks the body. 

Hic sensation of heat and cold is. again, quite 
different from that of mere touch, and depends 


on the thinness of the skin. This sensation is 
often very fallacious. If one hand be placed 
^in cold water and the other in very hot water, 
and then both hands Ih' placed -in warm water, 
this will seem hot to one hand and cold to the 
other. In fever, again, wo feel excessively 
cold when shivering, and yet are in a burning 
heat, while, when we perspire, we feel mu^ 
hotter and yei are really cooler. People feel 
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warmer after drinku^ spirits, .and yet the 
temperature of the bo<fy is always lowered. 

Use of Pain. Pain is a most valuable 
sensation, for it generally calls nur attention 
to some injury or disease. It is difficult to 
fell where mere feeling passes into pain, but 
usually it is when any sensation becomes 
injurious to the body. Heat is enjoyable 
up to a certain point ; then, as in the case 
of cold, it becomes pain, which can also 
be easily excited by mere ideas of sensation in 
the mind. In faci^ most sensations can be pro- 
duced by ideas. Tickling may be pleasurable' 
or painful, according to its intensity, and can 
be produced w'ith the greatest effect m the fjoles 
of the feet. 

Itching can be produced by physical or 
mental causes, and may reach any degree of 
lujuteness. 

The Porem* Kespiration and transpira- 
tion are other functions of the skin, and are 
carried on largely by means of the pores [78]. 
These are glandular structures connected with 
the skin, and concerning which the vaguest 
ideas are current. Some imagine them to 1)0 
little holes in which the hairs are inserted ; 
others, again, believe they are holes through 
the skin, opening into the body, through which 
the j)er8piration comes, the skin being thus a 
sort of sieve. Both these ideas are wrong. 
There are no holes in any part of the skin 
leading inside the body. The real “ pore ” is 
a tiny opening, guarded by lips, at the end of a 
short tube which has no opening internally at 
all, but is coiled up at the end like a watch- 
spring. These pores are really like little lungs 
which breathe in oxygen and thus keep the blood 
near the surface and the skin red ; and 
breathe out about 400 grains of carbonic 
acid gas, hesides about a pint of water 
a day. Tliey are very numerous, and 
exist all over the boay, though they 
are most numerous where most perspira- 
tion occurs, especially on the palms of 
the hands and the soles of the feet. It 
is of the utmost importance for health 
that the mouths of these glands or pores 
should be kept open and free from all 
obstruction, for in all there are no less 
than 28 miles of them. 

By means of the pores, and also 
directly through its surface, the skin in 
this way does yHit part of the work of 
the lungs as regards inspiration of oxygen, 
but al^ut ^ as regards expiration of 
COg. This can be shown as follows : If a 
hand be held in a closed lantern for two 
hours and then a candle be inserted, the 
latter will go out because of the amount of 
COg in the air. The skin not only gives off CO 2 , 
but other poisonous matters. 

Hence it is that bums and scalds are more 
serious in proportion to their extent of surface 
than to their depth — ^it being less serious to 
lose a certain amount of flesh, and even of bone> 
than a laige amount of skin. In injuries, too, 
especially about the hand and fingers, when 
they are maimed or crushed, the important point 
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that decides whether it is better to remove or to 
leave the injured parts is the aunount of skin 
by which they remain attcushed, for on this the 
life of the part depends. 

Amount of Woter Given Off. But in 

addition to respiration, the pores excrete, 
as we have seen, a large amount of water. 
As a rule, this evaporates from the surface 
of the body all day long, and is called 
transpiration. When, however, the amount is 
so great that it cannot be carried off, but remains 
as drops on the surface, it is called perspiration 
or sweat, which has the following composition : 


Water 

99-6 

Acids 

•1 

Salts 

•1 

Fats 

•1 

Other bodies 

'2 


100-0 


Two lb. of it is given off daily — twice as much 
fluid as comes from the lungs ; of the whole 
body weight is thus lost daily. The pores or 
sweat glands are most numerous and largest on 
the palms, the soles, the forehead, and the sides 
of the nose ; there are few on the back and 
neck, and none on the lips. In the palms there 
are 3,000 to the square inch ; on the neck 400. 
There are in all two and a half millions, and they 
present a surface of 3,000 square inches. 

Perspiration is increased b^ heat, wateiy 
blood, exercise, drugs, nerve action and diseases, 
such as consumption and rheumatic fever. It 
is decreased by cold, excessive urine, rest, drugs, 
and nerves. 

The sweat centre and that for dilating the 
skin blood-vessels generally act together, but 
there may be “ cold sweat ” with pallor and 
little blood. 

Regulation of Heat. Owing to the 
innumerable blood capillaries just under the 
surface, the skin is also the heat regulator of 
the body, and acts like the balance of a watch, 


or the governor-balls of a steam-engine. Wh«i 
this power is lost the person dies, aa in one or 
two cases where the skin has been varnished 
all over. 

If the external air be cold, the skin contracts 
and tightly closes all the little blood-vessels, 
thus preserving the heat of the precious fluid 
by keeping it from the 
surface ; while, on the 
other hand, if the 
weather bo hot, it 
allows the blood-vessels 
to expand, and by 
bringing the blood to 
the surface controls the 
heat of the body by 
the evaporation. This 
power is temporarily 
paralysed by certain 
drum, notably by 
alcohol. 

Other Uses of 
SKin . Then, again, 
the skin is a secreting 
organ. It produces a 
peculiar oil for the 
hair, not only in the 
head, but all over the 
body. This oil is mode 
under the skin in little 
vessels called sebaceous 
glands, which open by a 
small tube on each side 
of the tiny hairs with 
which the skin is covered. 

But the skin has many additional uses. It 
is the beginning and the end of all the beauty 
of the body, which literally is but skin-deep. 
Whatever strength may be in muscle, there is 
no beauty in its bare appearance. Whatever 
loveliness exists in the rosy cheek, the white 
forehead, the well-rounded arm, or the graceful 
figure — all these vanish with the skin. A 
skinned rabbit has no beauty. 


Continued 



73. THE SKIN 
(Greatly inngnijied) 

1. EpldormU (horny layer). 

2. EpidermiB (deeper layer). 

3. Sweat gland duct. 

4. Papilla. 

5. SubcutaneouB tlsiuc. 

6. Touch corpuscle. 

7. Blood-vesselR. 8. Nerve. 
9. Sweat gland. 10. Fat 
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By J. A. HAMMERTON and WILLIAM DURBAN, B.A. , 


SWEDEN 

Unlike Norway, Sweden contaiiiH very few 
mountains of any nignihcant altitude, and there 
arc no majoy^oent fjords on the immense 
ooaetline. But this great and important countzy 
of the Par North possesses charms of its own, 
which grow on the visitor. Its people are as 
interesting as any in £urop^^ The numerous 
large lakes form a very attractive feature, and 
the countless islands round the shores make a 
most romantic maritime environment. The 
lakes are reckoned to cover nearly an eighth of 
the whole area of Sweden. They yield enormous 
quantities of fine fish, so that Sweden is a 
paradise for the angling sportsman. The 
wonderful forests occupy almost a fourth of 
the entire land. Wolves, lynxes, foxes, martens, 
squirrels, eagles, reindeer, elk, deer of several 
species, lemmings, and feathered game in gi’eat 
variety abound. The country is full of attrao* 
tions for the tourist of every category. Rail- 
roads arc much more extensive than in Norway, 
so that travel is much more facilitated than in 
the sister countrJ^ 

Suppose that a tourist is taking a rapid 
summer trip through the Scandinavian countries, 
wishing to enjoy glimpses of Norway, Sweden, 
and Denmark. It may Ix^ that he can only 
spare a week or ten days for Sweden. In this 
case he can gain an oxctrllent idc^a of some of the 
peculiar characteristics of the country and the 
people by selecting the wonderfully interesting 
region between Gothenburg and Stockholm. 
He should, if ho is entering W Norway, 
go by train from Christiania to Gothenburg, 
stopping for a few' hours at the quaint old 
fortifiixi Norwegian city of Frederikshald. At 
Gothenburg ho will find much to sec, and should 
stay for tw'o full days. Then he will sail by the 
beautiful G6ta Canal to Lake Wener. " His 
next stopping-place by train journey will be 
Karlstad. Hence, he will proceed to Orebro, 
and after seeing this typical city in the 
heart of the country, he will make for the 
famous University city, Upsala. From Upsala 
a short journey brings him to the lovely “Venice 
of the North,’’ and here at Stockholm the rest 
of the time available should* be spent. The 
traveller will have had a delightful week or 
ten days, and he can take the night' train for 
Malmd, in the far south of Sweden, and find 
himself in the morning looking across the 
Sound at Copenhagen. 

A Fortnight in Sweden. In this time 
one may visit the most attractive points in 
the most accessible parts of the oountiy. We 
will* supposes that the traveller has reached 
Stooxholm, eitlier from Germany by Baltic 
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steamer from Stettin, a route which is favoured 
by some who wish to visit Germany first ; or 
from Copenhagen by way of Malmd ,* or from 
Christiania after being in Norway ; or by steamer 
direct from London ; or by canal and train from 
Gothenburg. 

First Day. Stockholm. The famous and 
beautiful fyjurgaard, the great park of which the 
people are so proud. The Skansen Gardens, on one 
of tnc most beautiful islands. Here, in the pleasure 
grounds, the national dances are performed by 
|)easant girls in the costumes of the v'arious provinces. 
A most interesting Lapp camp, with magnificent 
reindeer, is often exhibited here. 

Seoono Day. Spend some time in tlu* old 
nucleus-district of Stockholm, especially the Helge- 
aandholmen, the Stadens, and the Riddurhofmen. In 
this quaint and beautiful section are some of the 
finest private and public buildings. The Royal Palace, 
with Its commanding view of the city, the islands, 
and the lovely lake, is rich in its collections of 
antiquities, paintings, and coins, and the gardens arc 
very fine. Take the splendid walk along the various 
quays, and on the chief quay note the colossal 
statue of (jrustavus III. Make one or two little trips 
on tlie steam launches which go constantly to and 
fro between the picturesque nine islands. 

Third Day. Still in Stockholm. Visit the 
Riddarholms Kyrke, where the kings are crowned, 
and make a special trip to Sodermalm, the finest of 
the nine islets, with its quaint old houses on terraces. 

Fourth Day. Proceed to Maelar Lake, the gem 
of Sweden. It is 86 miles long, with an average 
breadth of 12 miles, and on ita banks are> many 
lovely little towns, several palaces, and hundreds of 
villas and summer residences. 

Fifth Day. Next go on to Upsala, with its grand 
old Cathedral. Here are the tombs of several kings, 
including Gusiavus Vasa, and also that of Linneus. 
the great founder of the science of botany. The 
ancient University, Sweden’s chief seat of learning, 
w'ith 1,400 students, is at Upsala. 

Sixth Day. Visit Old Upsala, which was the 
seat of the worship of Odin. Make an excursion it* 
the Mora Stones, which are four miles from Upsala, 
and were formerly used for the coronation of the 
kings. 

Seventh Day. Spend this at Falun, the capital 
of the province of Kopparberg, or “ Coppermine 
Province. Falun is also called Gamla Kopparberget. 
or “ The Old Coppermine.” The excavations 
extend for miles uiiaerground, and in them are 
immense chambers where King Bernadotto gave 
banquets. 

Eighth Day. The traveller will now reach 
Karlstad, on the island of Ting valla, in the beautiful 
Lake Wener. The Cathedred, the two fine bridges, 
and the Toum, Hall are the chief ornaments of the 
interesting old town. The walks in various directions 
about the margin of Sweden’s .largest lake are 
.charming. 

Ninth Day. An exouision to Teollhattan, 
where we may see the grandest waterfalls in Europe. 
Not far away are the famous factories where paper is 
made from woc4^4>alp- 

Tsnth Day. Should be spent at JdNKdPiNG; 
beautifully situated on the aouthem end of Lake 
Wetter. There are celebrated match factories 
here, and lovely views from the hills at the back of 
the town. 



JBiMyrmvTM J>ay, At WBinsssBOBG. Here the 
iouriat is again on Lake Wener, and at this pretty 
town he twee passage down the wonderful Got a 
Canal. 

Twelfth Day. On the Gota Canal ; a glorious 
trip by steamer. The canal is the most wonderful 
engineering work of the kind in the world. The 
steamer has to pass 74 locks. 

Thibtbenth Day. The passage of the canal 
requires two days, but ob the scenery is everywhere 
enchanting no one will consider the time ill-spent. 

FotrRTBBNTH Day. Arrived at Gothenburg, we 
are in Sweden’s busiest commercial city. The 
boulevards by the great ship caiials make beautiful 
walks, and the splendid Harbour and Cathedral are 
among the chief objects of interest in the town. 
The Gothenburg system of licensing affords tern- 
perance workers and economists interesting study on 
the spot. 

Longer Toure. Three weeks will give 
the traveller time for making more intimate 
acquaintance with Stockholm and Gothenburg, 
ns well as for a short stay at such interesting 
places as Orebro, Jonkoping, and Berg, which 
lie at points near the route just outlined. A 
month allows an extra week for the excursion 
up the Gulf of Bothnia to Tornea. Or the 
tourist may prefer to spend the time in trips 
to the romantic Aaland Isles and the island of 
Gottland, with its fascinating archaeological 
associations. 

Travel, Food, and Expenaes. The 

Swedes are a charming people. They are 
universally well educated. The land overflows 
with abundance. The cooking, however, is 
peculiar, and differs greatly from that of both 
Norway and Denmark. At the railw^ay stations 
are hot provisions of great variety always ready, 
in Russian style, so that the traveller during the 
intervals frequently allow'ed, can make a com- 
fortable meal. It is a national custom to stand 
liefore dinner at a buffet covered with a be- 
wildering variety of relishes, and to partake of 
these as appetisers. This preliminary is called 
the “ smorgas.” On the steamers the service 
is excellent. Indeed, travelling in Sweden is 
luxurious. The popular standard of comfort 
is bigh. As in Norway and Denmark, th^ 
traveuer cannot expect to spend less than about 
one pound each day when travelling in Sweden. 
The fare from London to Stockholm is : First 
Class single, £8 Ss. 9d. ; return, £12 13s. 
Second CImb single, £5 19 b. 4d. ; return, £9 10s. 

BooKs to Read. Books descriptive of 
Sweden are very numerous, and many of 
them are excellent. Specially to be com- 
mended are C. Wood’s “ Under Northern 
Skies ” ; Mrs. Baker’s “ Pictures of Swedish 
Life ” ; Howitt’s “ Twelve Months with 
P. Bremer ” ; Bayard Taylor’s “ Northern 
Travel ” ; Lady Westminster’s “ Sweden ” ; 
Von Heidenstam’s “ Swedish Life in Town and 
Country ” ; and “ Ten Years in Sweden, by 
an Old Bushman.” 

DENMARK 

Dear little Denmaric ! ’* is the succinct 
description often uttered by those who have 
come to know the country so romantically 
situated between Northern and Central Europe, 
washed by stormy seas, cut off from the wild 
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lands of the Farthest North only by the narrow 
Soimd and the Skager Rak, and link^ by the 
racial affinities of its delightful, quaint, and 
highly cultured people with both the Teutonic 
and the Scandinavian nations. Denmark, in 
its curious archipelsigo contains some of the 
beauty-spots of Northern Europe ; and its 
mainland, the great Jutland Peninsula, is for 
its systematic, scientific, and wonderfully 
flourisning dairy-farming the most interesting 
section of the whole Continent. The Danes are 
but a little nation, but in certain practical 
directions they have beaten the world. And 
their country contains some of the most singular 
remains of tne oldest of civilisations. 

A WeeK in Denmark. So short a 
holiday would need to be spent mainly in and 
around Copenhagen, and a more delightful week 
could hardly be imagined. A traveller who 
had for years been going about the world, when 
asked which city he would prefer to live in, at 
once said, “ Copenhagen, undoubtedly ! *’ To 
all English hearts Denmark appeals as the natives 
and beloved home of Queen Alexandra. And 
Britain has no sincerer friend than the stalwart 
little people who guard the gat(‘way of the 
Baltic. Places round Copenliagen are replete 
with associations connected with the mutual 
histories of the two nations. The traveller who 
can spare a week only in Denmark should spend 
three days in surveying the sights of the capital 
itself, and the rest of his time in such delightful 
resorts as Fredonsborg, Skodsborg, Rosenborg, 
and Elsinore. 

A Fortnight in Denmark. This 
allows ample opportunity for seeing all the 
attractive places on the favourite tourist routes 
in the country. 

First Day. On tlu> first day in Coimonhagen ono 
might see the famous Gammel Strae.de, or Fish Market ; 
the quaint Vegetable Market, with the fountain 
decorated with bronze storks and frogs ; the oele- 
brated Vor Frue Kirke, or Church of t)ur Lady — a 
perfect Thorwaldsen Museum of itself, as it wag 
decorated entirely by the great sculptor — the gigantic 
white marble figure of Christ Risen standing at the 
chancel end, and the beautiful statues of the Twelve 
Apostles in the nave. The Thorwaldaen Museum, 
where are seen the originals, or casts, of all the great 
master’s works, would wind up a full day of sight- 
seeing. 

Second Day. Visit the Christianshavn Quarter, 
where are the Frederikskirke and the splendid 
National Museum, The evening should be spent in 
the lovely Tivoli Garden and Concert Hall, the l>opu- 
lar pleasure resort within Copenhagen. 

Third Day. Excursion to Amalienborq, the 
beautifully situated palace of the CJrown Prince. 
Visit the Royal Picture Gallery, containing many 
masterpieces of native art. The Cathedral and the 
Church of the Trinity, with the famous Hound Tower, 
may be included in the day, as also Rosenborg 
CasUe. 

Fourth Day. Train to Hillerdd, for Fredriksborg 
CasUe, a magnificent structure by the lake, now 
used as a historical museum. 

Fifth Day. Excursion to the grand Royal Deer 
Forest of Klampenborg. 

Sixth Day. Excursion to Skodshorg, the beauti- 
fully situated health resort on the Kattegat, with its 
magnificent beech forests behind the little town and 
fine sea view in front. 

Seventh Day. Visit to the Royal Palace of 
Fredensborg. Here is the favourite residence of the 
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Royal Family in summer. It is a famous meeting- 

f >lace of European Royalties. Glorious park, famous 
or its splendid pines and noble beeches. The 
Karom Lake is a fine sheet of water. 

Eighth Day. Devote to Elsinore, a beautiful, 
quaint, historic city, where the chief sisht is Kron- 
borg, known as “ Hamlet’s Castle,” witn the lovely 
pleasure grounds, knov^n as “ Hamlet’s Oardens.’^’ 
The charmingly picturesque old oastle. with its 
365 spires, emblematic of the days of the year, was 
built by Frederick II. in the sixteenth century. 
Among the paintings is a portrait of Rubens' daughter, 
by the great master himself. There is also one of 
Hamlet the Dane, by Abildgaard. In the vaults 
l)elow the castle, according to popular legend, rests 
the stalwart hero of Denmark, Holger Danske. 
wrapt in slumbfjr, a well-known character in Hans 
Andersen’s fairy tales, who will come forth when his 
country is in jieril. The Flag Battery is the plat- 
form where Shakespeare makes the ghost of Hamlet 
appear. The reputed “ Hamlet’s Grave ” is on an 
elevation behind the gardens of Marienlyst. 

Ninth Day. At Roskilde, the ancient capital of 
Denmark, and the burial place of the Danish Royal 
Family for ten centuries, beginning with Sweyn. 
nep^liew of (Canute. 

Tenth Day. Visit Schlonn Bernatorff, a lovely 
chateau, used frequently as a summer residence of 
the Royal Family. Near by is the quaint old 
village of GjrnUtfte. The walks in the neighbourhood 
are exceedingly beautiful. The traveller will by this 
time be fairly acquainted with the chief scenes on the 
island of Zealand, on the cost coast of which the 
capital is situated. Ho can now spend a few days in 
surveying certain portions of .lutland. crossing the 
(treat Belt, traversing the island of Odensee, then 
crossing the Little Belt. Or lie may take steamer 
from Co|Kinhagcn to Aarhus. 

Eleventh i3ay. Aarhus, an important spot on 
the middle section of the eastern side of .lutland. 
The grand old Cathedral, dating from the thirteenth 
century, has elaborate frescos on the interior -walls, 
very old and quaint, and wonderful sepulchral 
mural monuments. 

Twelfth Day. Silkerorc}. Scenery here, in 
the interior of Jutland, is very lovely. A tiny 
steam laun<‘h runs along the lake twice a day to 
HimmeUyje.rg, the little landing-place for the only 
considerable hill in all Denmark, 615 ft. high. 
From the summit is a superb view' of the chain of 
lakes. 

Thirteenth Day. To Vkile by train. Here 
is a long fjord. The tourist proceeds across the 
narrow base of Jutland to the west coast. Arrives 
at Ribc. 

Fourteenth Day. Ribe. After visiting the old 
Cathedral, take train to Erbjerq, which is an alto- 
gether modern place, sprung into existence as the 
now’ port for steamers from the west. It hiis been 
created by the wonderful development of the butter, 
bacon, and egg export trade. Esbjerg is the Chicago 
<'f Denmark. 

LrOfiB^r Tours. Three weeks in Den- 
mark would give the tourist facilities for 
further investigation of the other islands of the 
archipelago. The sisters to Zealand — Alster, 
Laaland, Langeland, and Fiinen, are all worth 
visiting in turn. They contain many pros- 
perous and picturesque little towns and villages. 


The system of small holdings and of co-operative 
dairy-farming may be studied with great ppo6t. 
A month will allow of a trip to the northern 
regions of Jutland. Aalborg, on the Lym 
Fjord, is full of quaint fascination, and may 
well detain the visitor for two days. Trips to 
Fredrikshavn and Skagen are curious and 
memorable experiences amid unique scenery. 

Travel and Expenses. Denmark 
may be reached most conveniently by steamer 
direct to Esbjerg, the port on the western side 
which has come into note specially during recent 
years ; or by rail, after crossing the Channel, 
through Brussels, Cologne, and Hamburg to 
Kiel ; but all who love an ocean voyage prefer 
to sail from Hull, Newcastle, or Leith to Copen* 
hagen. Thus, the fine scenery between Den- 
mark and Sweden is enjoyed in passing the 
Skager Rak, the Kattegat, and the Sound. 
It is a sail of 50 hours. But the voyage from 
Harwich to Esbjerg only takes 27 hours. The 
cost of travel in Denmark is very moderate. 
The almost uniform flatness of the country 
renders it a perfect paradise for the cyclist a#: 
also for the pedestrian, A visit to Denmark 
is peculiarly charming on account of the constant 
variety of locomotion, now by train, now by 
steamer. Expenses are less than in Norway 
and Sweden, for food is remarkably cheap. 
Bread and cakes, the latter of endless variety, 
are everywhere delicious. Milk and butter are 
of the finest quabty. The Danes love sago and 
ground-rice puddings with curious mixtures ot 
gooseberry pickle, raisins, sultanas, and bil- 
berries. The “ smorg^,” or sideboard appetiser 
before meals, incirdes a bewildering variety ol 
sandwiches. 

The fare from London to Copenhagen by 
cheapest route (General Steam Navigation 
Company’s steamer from Harwich to Hamburg, 
and thence \ik Kiel and Korsor), is : First Class, 
£2 Ifis. 8d. ; Return, £4 12b. 6d. Second Class, 
£2 8s. lid. ; Return, £3 19s. 8d. 

Language and Literature. The 

language of the Danes is identical with that of 
the Norwegians, but is different from that spoken 
in Sweden, though cognate. Dano-Norwegian 
is easily learnt sufficiently to enable the tourist 
to make himself understood. The British are 
exceedingly popular in Denmark, so that the 
country is one of the pleasantest for a Briton 
to travel in. The literature of travel in Denmark 
is of special interest. Very instructive are 
Otte’s “ Denmark and Iceland ” ; Marryatt’s 
“ Residence in Jutland ” ; Edwardes’ “ In 
Jutland with a Cycle”; and Laing’s “Denmark 
and Duchies.” 


Continued 
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if ^ co«t doM not put them out of tibe qtie»taofi. 
An aToram thop of, aay, 12 ft. frontam and 
15 ft. depui, may have a ^ ft. dado of cSiova^ 
tilos, with the apace above, op to the ceiling, in 
white tilea with coloured panels, the atallboard 
finished with variegated tiles, door and lifting 
window in good style, and an ornamental sign- 
board over all, delivered and fixed for about 
£100. Our illustration [1] shows such a shop. 
If the thin, vitreous tiles, now so com- 
monly used, are adopted, the cost would be 
considerably lefis. Should even this be U>o 
expensive, the walls may be well painted with 
Uiree coats of paint, the last one a coloured 
washable enamel, for a sum of from £15 to £20. 

Outfit. Against the back wall should be 
placed a cash desk, with a door at the side and a 
lifting window in front, the cost of which in good 
pine, varnished, or in American white wood, 
stained and varnished, is about £8. A pound 
or two extra spent on having the stained 
white-wood desk polished greatly improves its 
appearance. 

Along the side of the shop further from the 
door is placed a bench for pieces, costing £2 
to £3. In front of this may be put a French 
block with stand and drawers, the price of which 
may be anything from £2 to £10, according to 
size. 

The bar work on which the meat is susmmded 
should be of bright steel, and a section of 1 J in. 
by 3 in. is quite strong enough. One himdred 
feet of this bar will furnish amply a shop of the 
al)ove dimensions, and at the usual price of Is. 
per ft. run, this amounts to £6. The haters 
for suspending the bars to the walls or ceiling 
are more expensive, especially if polished, the 
average pi ices being from Id. to per lineal 
inch, block, and 2d. to 3d, polished. As the 
latter require a lot of labour to keep them bright, 
we recommend black hangers painted with 
enamel as being the most suitable. The cost 
of these for the shop would run up to £6 or £7. 
Rail hooks may be either polished or tinned. 
The latter are very cheap, and a very good 
assortment can be purchased for less than a 
sovereign. 

A marble-topped wall-table may be added to 
the outfit if thought necessary, at a cost of £5 
or £6, and a piece-board, on frame, costing, 
say, 308. The weighing scale, with a capacity 
up to 28 lb., with brass bell weights, will cost 
£3 or £4, and a small table on which to stand the 
scales about 15s. 

The following are the miscellaneous items 
of outfit, and will increase the expenditure 

by £13. 

s. d. 

A steelyard, or Salter spring balance, 
as may be preferred, to check the 
weight, rope and pulley with blocks 
and eyebolt to lift the scale with 
the meat attached . . . . (say) 80 0 

Oak picklin|; tub, 65 gal. capacity . . 45 0 
Assorted price tickets . . (say) 10 0 

Three enamelled iron window;dishe8 10 0 
Two butcher's trays . . .’. 10 0 

Two salt meat trays U 0 

1428 


8. d. 

Salting pump (4 gal. capacity) 47 6 

AssorM hickory skewers (4^ in. to 

Sin.) (say) 10 0 

Qalvanised iron pail 16 

Long arm, 6 ft. 2 0 

Bowsaw, 20 in. 5 0 

Back saw, 18 in. 4 6 

Smithfield chopper, 12 in 4 3 

Lamb chopper, 10 in. 3 6 

Two bntoW's knives, 10 in 3 4 

Steak knife, 10 in 2 0 

Dagger-pointed knife, 10 in 18 

Steel 5 0 

Block scraper 16 

Wire block-brush 13 

Ordinary scrubbing-brush 10 


Cold Chamber. Without the aid of 
refrigeration it is extremely difficult to conduct 
a butcher's business satisfactorily in the summer, 
or even in the moist muggy (lays we have so 
frequently towards the end of the year. The 
beginner will most probably not be in a position 
to expend, say, £200 on a mechanical refrigerat- 
ing plant. B^des, it would be too large for his 
requirements ; but he can procure a nrst-class 
cold room — dimensions, say, 4 ft. 6 in. wide, 
3 ft. 6 in. deep, and 7 ft. high — worked by ice, 
for £16, delivered and erected. The room should 
be insulated with good material — silicate cotton 
preferably — and lined with zinc sheeting. The 
ice crate should be made of galvanised iron rod, 
and the drip-tray underneath should be in- 
sulated to prevent the condensation of moisture 
on the under side, the ice water being taken 
outside the chamber by a trapped pipe. 
Separate doors for the ice and for the meat are 
the best arrangement. Automatic ventilators 
in the top are necessary, and wooden mats, in 
sections, to facilitate removal for cleaning, are 
the proper covering for the floor. This chamber 
will use from 2 to 24 cwt. of ice per week, and 
the ice crate should always be kept as full as 
possible. Its capacity will be about two quarters 
of beef and four or five carcases of mutton, besides 
pieces. The larger items are hung from gal- 
vanised rails placed under the ceiling, and the 
smaller to wo^en rails fastened near the sides. 
This chamber may stand in the shop, or in 
premises behind, or in a cellar. If possible, 
it should be placed where the sun does not shine 
on it. The great majority of butchers now have 
cold rooms ; but such a contrivance is an especially 
important fixture for the beginner, as his meat 
goes off slowly, and would soon lose its bloom 
mid quality it he had not a chilled atmosphere 
in which to store it. 

Cleanliness. Every purveyor of food 
should study cleanliness, but the butcher* dealing 
in a very perishable article, requires to devote 
partioulm attention to it. All woodwork 
should be washed daily with hot water, soap, 
soda, and the scrubbing-brush. The rails uid 
tools must be kept ol^ and bri^t, and no 
dirt allowed to gather anyudiere. Means of 
thoron^ ventilation of the shop when closed 
should also be provided. 



LflgAl OliUsatUms. Under the Acts which 
regnlKte the sale of food» the bntoher who eelle 
moat unfit for human consumption is liable to 
heavy pmialtieB, and these penalties will no 
doubt become heavier as time goes on. It is 
easy to submit doubtful meat to the maricet 
ins^tors, or to call in the medical officer of 
health in the country. If meat is found to be 
unsound in the shop or on the premises, it 
should be removed without a moment’s delay, 
because if the inspector discovers it he will 
presume that it is being offered for sale. If the 
meat cannot be removed at once it should be 
de-ncUured by soaking it with, say, paraffin oil, 
which would piove conclusively to the inspector 
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it, but must consign acKirtion to London or 
o^er laim markets. The town or suburban 
butcher has many advantages. He requires 
to be at Smithfield bright ancf early, but he can 
buy exactly what he knows he can sell. If he 
cannot dispose of whole quarters or carcases he 
obtains pieces at a very trifling increase of 
price. Tripes, cheeks, hearts, plucks, and other 
offal he finds lying ready to his hand. His 
purchases are delivered early for the morning 
trade — although, of course, it is a great advantage 
to have his own van when he can afford it. It 
is the general practice in the London trade to 
canvass for orders, and this almost neoessitates 
at least a lad as an ^distant. 


2. ITEMS IN THE BUTCHER 8 OUTFIT 

1. Steelyard. 2. Boning Knife. 8. Dogger-pointed Knife. 4 . Butcher's Knife. 6. Steak Knife. 6. Block Scraper. 
7. Cook's Fork. 8 and 9. Swivel Hooks. 10. Window Fork. 11. Long Arm. 1^ 13, 14 and 16. Typw of 


Hanmrs for carrykig Meat EallB. 16. Copper Fork. 

21. Gambol. 22. Steel Skewer. 23. Steel 

that it was not intended to be sold as food. 

The law as to the use of preservatives and 
colours on meat and in sausages is in a curiously 
indefinite state. The recommendations of the 
Departmental Committee appointed in 1899 
have not yet been dealt with legislatively by 
Parliament, and no clear definition of the 
responsibilities of the purveyor of food in this 
connection can at present be given. 

Buying and Sailing. The country 
butdier has generally to buy his cattle and 


g. 10. Window Fork. 11. Long Arm. 12, 13, 14 and 16. Typw of 
i. Copper Fork. 17, 18 and 19. Band Bail Hooki. 20. Ham Blloer. 


Cutting Up Meat. Beef. At the slaughter- 
house the carcase is split down centrally 
through the backbone, or chine, into two 
equal halves, or sides of beef, and if the 
butcher buys his meat by the side he divides 
it further, as in 4 [page 1432]. He ^ws throi^h 
the baokl^ne at aTOUt the sixth joint, counting 
from the rump end, then enters his knife under 
the first rib, passes it along to the end of the 
rib, and then downwards to separate the thin 
flank from the brisket. The side is then 
divided into fore and hind quarters, of which 
the avera^ wjei^bl Br® 44 stone and 46 stone 
respectively^ 
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The further divi»ioa into pieces is Buihcientlj 
indicated in the illustration, the general weights 
of the pieces being as follows : 


1. Hook 14 to 18 lb. 

2 and 3. Round and 

buttock . . - . 40 48 

4. Aitchbone 12 „ 14 „ 

5. Rump 30 ,, 32 „ 

6. Thick flank . . . . 20 ,, 24 „ 

7. Sirloin 36 „ 40 „ 

8. Six ribs 28 „ 30 „ 

9 and 14. Four ribs and 

leg of mutton piece 40 „ 46 „ 

10. Two ribs . . 40 „ 46 „ 

11. Thin flank .. .. 24 „ 26 

12. Brisket 20 ,, 22 „ 

13. Nock 40 „ 45 

16. Shin 8 „ 12 


Mutton. A good English sheep weighs when 
killed, cleaned, and cooled, about 70 lb. It is 
split do^n like a carcase of beef, therefore each 
Bide will weigh about 36 lb., and the side is 
cut up as shown [ 5. page 1433], as follows ; 


Leg . . . 

9 lb. 

8 

oz. 

Loin 

7 „ 

14 


Neck . . 

7 „ 

4 


Shoulder 

Breast . 

6 M 

3 „ 

13 

9 

„ 


:35 lb. 

0 

oz. 


' In the above analvsis of weights the neck 
and scrag -end of neck are included under the 
item “Neck.” 

Pork. The butcher's j)orker averages about 
06 lb. in weight, and the side [6] therefore weighs, 
say, 48 lb., and cuts up into the following : 


Leg 9 lb. 

Loin 17 ,, 

Spring . . . . 8 „ 

Hand 4 „ 

Sparc ril) . . . . 6 ., 

Head 5 .. 


48 lb. 

Sausage Making. In the cutting up of 
meat a good many small pieces and oddments 
are produced, which fetch low prices, and the 
thrifty butcher, therefore — in the cooler w'eather, 
at least — turns these into sausages. The outfit 
for this part of the business need not be ex- 
pensive. Many thousands of tons of sausages 
have been made with the No. 32 hand-power 
“ Enterprise ” meat cutter, a machine that has 
had an extraordinary vogue among batchers in 
all civilised countries, and which may now be 
purchased from almost anv dealer or hardware 
merchant at the lowprice of 1 5s. A more modem 
and improved machine is that shown on next 
pa^ fixed to a table, and retailed at £2 28. fid. 
It is enamelled inside, and the meat propeller 
is made hollow, with the knife spindle passing 
through the centre, the latter being driven at 
about double the speed of the former. 

This arrangement avoids the crushing and 
bruising of the meat, which t^es place in the 
“ Enterprise ’’ machine, owing to the propelling 
power being in excess of the cutting oi^)aoity of 
the knife. The newer machine has a series of 
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graduated perforated plates, changeable at wilU 
so that sausage meat, pie meat, or &e pastes, can 
be produced with equal facility, and either one 
or two knives with correspondli^ plates can be 
used ; thus the machine is capable of great 
variation to suit diflerent purposes. For 
filling the sausage meat into the casmgB, or 
skins, the barrel filling machine, with plunger, 
ratchet, and gear and nozzle, is used, and one of 
12 lb. capacity may be Iwught for 3^. A 
bench or table on which to cut up the meat 
and mix it with the seasoning, a knife or two, 
and a pail in which to steep the casings, com- 
plete the outfit. 

Caainga and Contenta. The casings 
are the cleaned small entrails of the pig or 
sheep. In England the former are used for beef 
sausages as a rule, and in Scotland the latter. 
These casings in the salted state can be bought 
from numerous dealers, the prices varying from 
Is. 6d. to 28. per lb., shaken free from salt. 
From time immemorial a certain proportion of 
bread has been mixed with sausages, and even 
the law courts have decided that, as the custom 
is old and universal, the sausage may now be 
taken as a mixture of meat and bread. This 
gives an opportunity to the unscrupulous ; but, 
on the other hand, the public arc very easily 
alarmed about sausages, and if the quality is 
inferior, the sale will bo small. A sausage con- 
taining only good beef and seasoning is a very 
toothsome article, and we have known firms who 
have built up a good and profitable business by 
making a speciality of a pure sausage containing 
only the best material. It is very difficult, 
however, for the average butcher to fight against 
established custom — and what can be expected 
in sausage retailed very often at 4d. a pound ? 

The meat is weighed out and cut into pieces 
that will go easily into the cutting machine. 
71ie bread is soaked in water, and the surplus 
squeezed out in a press or wrung out in a cloth. 
The meat is spre^ out on the bench, and the 
bread placed equally over it ; then the seasoning 
is scattered over the surface at the rate of J oz. 
per lb. of meat and soaked bread combined. 
A little of any of the harmless colours approved 
of by the Food Preservatives and Colourings 
Committee may be added, and the whole mix^ 
together. The following is a. good composition 
for the above-mentioned seasoning. 

25 oz. ground white pepper 

50 „ salt 

2 „ ground nutmeg 

1 „ „ ginger 

1 „ „ pimento 

1 „ „ corianders 

The whole should be rubbed through a sieve 
and well mixed. The spices should be of the 
best quality and thoroughly fresh. The sausage 
mixture is then p^sed once or twice through 
the cutting machine. In the meantime the 
casings have been soaked in lukewa];m water to 
soften them, and a length of casing is slid on to 
the nozzle — quite 20 ft. may be ^t on without 
trouble. The chopped meat is thrown into the 
barrel of the filW, which is tilted up for the 
purpose. The baml is then adjusted and the 
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plunger run forward by turning tbe handle. 
When it reaches the meat the latter is squeea^ 
through the nozale* and carries the casing with 
it» the left hand of the operator keeping hold of 
it to regulate the rate. The long length of 
sausage Is then weighed into pound quantities, 
and each pound is doubled up and divided into 
six links, which are twisted over and worked into 
a neat package, or the links may be hung loose 
on hooks in the shop window. When a large 
trade in sausages is done it is necessary to have 
a silent bowl meat-cutter, with a motor or gas- 
engine to drive it, a larger filler and bread-press ; 
the outfit costing anything, according to size, 
from £50 upwards, delivered and fitted. 

Prices and Profits. The retail prices vary 
very much according to the state of the markets 
ana the locality. An expensive West End shop 
requires larger gross profits than one in a 
m^ium or poor locality. It would not be 
of much service to give fixed prices for goods 
which vary so much in value ; but it may be 
taken that a fair average of gross profit, all over, 
on home-killed meat is about 15 per cent. — or, 
say, 3s. in the pound, or a little under 2d. in the 
shilling. In foreim meat, as the range of 
values is lower, while the 
turnover may be no greater, 
the percentage of gross 
profit should be higher to 
secure the same return. 

If the beginner keeps his 
eyes open, he will soon, 
with the above facts before 
him, be able to work out 
his list of prices. He will 
compare the prices of cuts 
of beef m the wholesale 
markets with those at which 
his neighbours are selling 
them, and he will make a 
practice of weighing all his 
own cuts, and calculating 
what they will bring him 
in, less bone and fat, and in 
this way ho will see exactly 
how he is going. 

Pork Butchers. The 
business of a pork butcher 
is in manfr respects dif- 
ferent from beef butchering. 

The beef butcher sells the 
greater part of his meat 
m its natural condition, 
while with the pork butcher 
sausages and made dishes form the bulk of the 
business. The London pork butcher is, in 
addition, a purveyor of hot cooked meats and 
vegetables. Very nord work is the rule in pork 
butchering, and the profits are frequently by no 
means excessive. 

The general equipment of the shop does not 
differ greatly from that of the beef butcher. The 
walls should be tiled, and marble is generally 
used for the side tables and window. The bar 
work is modified to suit the smaller and shorter 
pieces handled, and it is a common practice to 
have one or two glass shelves in the window, 
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hung with brass chains on which to diiqday the 
more fancy goods. 

Equipment. The equipment is as foUows. 

SaUing Tanka, As the pork butcher holds 
considerable stocks of salt pork he requires 
larger pickling apparatus, and usually he has 
one or two tanks, built of slate or concrete — 
preferably the former — the cost of which may be 
from £5 to £10. 

Pickling Pum^p. To hasten the salting process 
and make it more certain, he injects brine into the 
meat by means of a force-pump, and one of the 
best forms of brine-pump is that illustrated, the 
cost of which varies from £1 12s. 6d. to £3 3s., 
according to size and style of fittings. 

Sausage Machinery. The hand machines 
recommended for the small beef butcher would 
not be of much use here, and an ordinary outfit 
would be the following. 

Silent meat-cutter of 25 lb. capacity 
Two brake horse-power gas-engine 

Pulley and belt 

Delivering and fitting 
Sausage filler of 30 lb. capacity 
One 12 in. diameter bread press 

Portable smok- 


£ 

20 

30 

1 

10 

8 

3 


d. 

0 

0 

0 

0 

0 

0 


6 10 0 


4 2 3 


19 15 
1 6 


1 


6 0 0 


16 

2 


Outside View 


4 . 8IDB OF BEEF, SHOWING CUTS 
l.Hock. 2. Bound. 3. Buttock. 4. Aitchbone 
6. B.ump. 6. Thick Flank. 7. Sirloin. 8. Six 
Bibs. 9. Four Bibs. 10. Two Ribs. 11. Thin 
Flank. 12. Brisket. 13. Neck. 14. Leg of 
Mutton Piece. 15. Shin 


mg oven 
Cooking Outfit : 

One 50-gallon 
portable boiler 
One 2 ft. 6 in. x 
2 ft. 6 in. X 
lOin. gas roast- 
ing oven 
Four baking -tins 
Brisket press, 14 
X 9 in. 

One copper fork 
Shop Outfit : 

One vegetable 
warmer 

Meat and brisket 
stand, with 
marble block . . 

Window fork . . 

Two boning 
knives 

Two butcher’s 
knives . . 3 4 

One cook’s fork 1 6 

Two choppers . . 7 0 

Two block 

3 0 
^ machine 

and weights, the steel, etc., would be the same 
as in a butcher’s shop. The addition of a 
small scale and weights for seasonings would 
be an advantage and would cost about 25s. 

The princip^ goods made by poik butchers 
are freim pork sausages, fresh beef sausages, 
smoked sausages, or saveloys, small German 
sausages, large German sausages, brawn, and 
black nuddin^. 

In the country it is usual to render lard, to 
pack Bpd sell it in bladders or grease-proof 
and to salt tbie legs into hams, 
[on trade does not do so, but cooks 


2 6 


Inside View 


scrapers 
The weifl 
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Mid wlls hot roast and boQod pork and beef meat as nearly as possible into squares by means 

in various cute, peaae-pudding. baked potatoes, of a knife, or, better, by means of a brawn- 

boiled carrots, cold boiled tongues, and various cutting machine. When this is done, put your 

other occasional dishes. cut pieces into glass moulds or other suitable 

PorR Sausages. The fresh pork sausage dishes, and fill up with the jelly previously 

is made pretty much like the fresh bwf strained off. and allow it to cool. Some prefer 

sausage, and the same general seasoning will to keep a few tongues separate, and cut them 

be found suitable, with the addition of 3 oz. of into long pieces. These they stick down into 

rubbed sage and IJ oz. of marjoram. The the meat before the jelly is added. Some put 

smoked sausages are frequently made of cheap, in whole tongues. Seasonin » for this brawn 

inferior meat, which is a pity, as a good smoked should be added when the meat is being boiled, 

sausage will usually fetch its price (2d. a link) and should be made on the following plan ; 

and bring customers back again. I^e German For every 20 heads use 3 oz. white pepper, 

sausages contain varying quantities of farina as | oz. cayenne, a thimbleful of essence of lemon ; 

well as bread, and they are very finely chopped. a few cloves and some peppercorns throughout 

The farina acts as a binder. The small ‘ ‘ Germans ’ ’ give a nice flavour. 

are usually of better quality, and are put up in Black Puddings. 10 lb. Midlothian groats, to 
umsands, which are the cleaned 
lining membrane of the ox’s 
throat. The larger “Germans” 
are packed in hungs-^the large 
intestine of the ox. Both are 
smoked. The general seasoning 
will suffice, the spicing being 
modified to suit the ideas of the 
m ker and the taste of his 
customers. In the South of 
England, people, as a rule, do 
not care for too much spice in 
sausages, but in the North they 
cannot have too much. 

Recipes. The following 
recipes for brawn and black 
puddings are taken from 

Douglas’s “ Encyclopjedia of , ... 

Butchery.” of ^ together, placing them in a 

Brawn. Clean fre.sh pigs’ mutton black-pudding filler, and fill 

heads well and bone them out. the narrow bullock runners with 

Begin with the cheeks first ; 4! Breast. the mixture. Tie pieces about 

take out the jaw-bones, and |- , !• Leg. 2. Loin. 18 in long into lengths, and 

then the tongues, and then ’ of^Neck ** 5 ’ snare Rib^’ circles, joining 
the eye-pieces. Get a small ’ ’ ’ both ends. Boil them at a very 

barrel and dust it with the following mix- gentle temperature (180° F.) for about 20 minutes, 
ture : 5 lb. salt, J lb. saltpetre, J lb. dry anti- and then withdraw them from the pot or boiler 

septic. Rub the tongues, more specially at and allow to cool. 



be first boiled before mixing ; 

10 lb. leaf lard, or back fat ; 

1 1 oz. black-pudding (herb) spice ; 
l| oz. black pepper; 1 gallon 
blood (bullock's or pig’s) ; a 
handful of chopped onions is 
sometimes added. 

Boil the groats for about 40 
minutes previous to using. Cut 
the leaf lard into pieces .1 in. 
square with fat cutter. When 
the blood is being drawn from 
the bullock or pig it should be 
stirred gently, and a winiiglassful 
of warm water added to every 
gallon, along with 2 oz. of salt 
and 2 oz. food preservative. 
Mix all the inerredients well 


the roots. Put the tongues into the barrel 
first, then the cheeks, after dusting them over 
with the mixture, and lay them well over one 
another, rind to rind. Use the small pieces to 
fill in between. Between the layers dust freely 
the mixture, so that each portion of meat 
receives a covering. Keep the meat in the 
barrel for from twenty-four to thirty hours, 
then put it into a jacket^ pan or boiling copper, 
with just sufficient clear water to cover the meat. 
Boil for an hour at 212° F., then remove on to a 
fine sieve, and strain out the jelly. Now cut the 


During the process of boiling add to the waiter 
either 1 oz. (to every 10 gallons) of black- p udding 
dye, or J lb. of logwocS chips, in order to dy(! 
them perfectly black. The old-fashioned way 
to tie black puddings is by means of dried rushes 
or bass strings, allowing the ends of the rushes 
to project about 3 in. 

A valuable practical work for the butcher is 
that already referred to—Douglas’s “Encycio- 
paedia of Butchery/’ published at lOs., by 
William Douglas & Sons, Limited, of Putney. 


Continued 
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POETRY OF THE NINETEENTH CENTURY 

2. The Successors of Wordsworth. A Short Study of Tcanysoi^ with Briefer 
Notice of Browning, Swinburne, Matthew Arnold, and the lesser Victorian Poets 


By J. A. 

The Significance of Tennyson. Mr. 

Theodore Watts-Dunton, poet and a critic of 
poetiy, has summed up the significance of 
Wordsworth’s great successor in a single telling 
phrase. “ Tennyson,” he writes, “ knew of but 
one justification for the thing he said — viz.^ that 
it was the thing he thought.” Alfred Lord 
Tennyson (b. 1809 ; d. 1892) is the “ bright 
particular star ” in the crowded galaxy of Vic- 
torian poets. His muse was responsive to the 
dreams of science and the doubts of philosophy, 
as to the whole world of Nature. One of the 
most scholarly and exact of poets since Milton 
and Gray, he was, with the possible exceptions 
of Burns and Byron, the most popular since 
Shakespeare. Not even Wordsworth took his 
vocation more seriously. From a period of 
idealism he passed to one of something very 
like pessimism. Always hating the petty con- 
ventions of the present, he became in his later 
years too much of a social critic for his poetry 
to benefit. From first to last, however, he was a 
master of word-music, acutely sensitive to 
every vibration in Nature, and capable of 
rendeiing his impressions with almost miracu- 
lous fidelity. He saw no loss clearly than he 
heard. Proctor said there were no mistakes 
about the stars in his poems ; and similar 
tributes have been paid to his knowledge of 
birds and flowers. 

The value of Tennyson to the student is 
twofold. On the one hand, he teaches by 
example the qualities and possibilities of the 
English language ; on the other hand, his poems 
may not inaptly be described as “ the voice of 
the century ’ in all its modulations between the 
extremes of buoyant hope and desolate despair. 

“ In Memoriam,” his elegiac poem, written in 
memory of his friendship for Arthur Hallam, 
son of the historian, has been much misrepre- 
sented as an influence against orthodox religion. 
Tennyson’s faith was firm and unshaken to the 
dreaded the dogmatism of sects 
irvna ^4 ” “ Locksley Hall,” 

and its sequel, “Locksley Hall Sixty Years 
After,” sum up the difference between liberal 
aspiration and democratic achievement. In 
“ Maud,” his favourite work, he entered an 
eloquent protest against the material views of 
human life. 

The Poet*e Views of Poetry* Tennyson’s 
consistent contention was that poetry should 
be the flower and fruit of a man’s life, and 
in every stage of it a worthy offering to the 
world. One day in the summer of 1888, in the 
g^en of his home at Aldworth, Sussex, the 
Poet Laureate was discussing with Mr. Gosse 
itie ease of those who love to trace similarities, 

seem to think that a mediocre poet who 
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originates an idea is above the great poet wl o 
adopts and gives it everlasting form. Said 
Tennyson : “ The dunces fancy it is the thought 
that makes poetry live. It isn’t. It’s the ex- 
pression, the form ; but we mustn’t tell them 
so — they wouldn’t know what we meant.” This 
is a very different thing, of course, from saying 
that the “ form ” of por^try is its all in all ; as 
the poet’s further remark on the same occasion 
proves. “ The highest poetiy,” he said, “ may 
be popular, and praised in the magazines, and 
yet the secret of it is ‘ unrevealed to the whole 
godless world for ever.’ ” We may doubt if it 
is always revealed to the poet himself ! But 
there is nothing in this view of poetry which is 
incompatible with the principles we have agreed 
upon at the outset of this course of study. 

Tennyson and Modern Problems. If 
it be granted that Tennyson’s poetry did not 
profit by his sensitiveness to the social problems 
of the time, or by the way in which he criticised 
the trend of policies and the fickleness of public 
opinion, it can hardly be gainsaid that he was 
a great teacher for all who care to give ear to his 
message. The best of Tennyson is not to be 
gathered by the pastime of hunting out plagiar- 
isms from his poems. As the stirring events of 
Elizabeth’s reign inspired Shakespeare, so was 
Tennyson inspired by the Battle of Waterloo 
and “ the fairy tales of science” to the vision of 
a time when war-drums throbbed no longer — 

“ And the battle -flags were furl’d 
In the Parliament of man, the Federation of 
the world.” 

But he saw the peril, first of an excessive 
“ John Bullism,” and then of mere “ talk,” A 
poet of Nature, Tennyson was also a lover, if a 
critic, of humanity and a prophet of social reform. 
The following quotation from ‘‘Locksley Hall 
Sixty Years After” shows this, as well as ex- 
emplifies the length to which he could carry 
his 11 

“ Is it well that while we range with Science, 

City children soak and blacken soul and 
sense in city slime ? 

There among the glooming alleys Progress 
halts on palsied feet. 

Crime and hunger cast our maidens by the 
thousand on the street. 

There the master scrimps his haggard 
sempstress of her daily bread. 

There a single sordid attic holds the living 
and the dead. 

There the smouldering fire of fever creeps 
across the rotted floor, 

And the ciowded couch of incest in the 
warrens of the poor.” 



lid lilt of the five ohief iubjeots 

it hM been the provinoe of poets to deal with 
^Katoie, womans life» poHtios, and ieligioa->- 
Teanyson will be found always looking fOTward 
to the ultimate good If the spirit of the present 
generatkm wars with Tennyson the teacher, it is 
because of his treatment, in *‘Ihe Princess” 
particularly, of “ woman’s rights.” His views 
on “.the woman question ” wore, indeed, reac- 
tionary. “ Woman,” he wrote, 

“ is not undevelopt man. 

But diverse : could we make her as the 
man. 

Sweet Love were slain : his dearest bond is 
this, 

Not like to like, but like in difference.” 

The Metre of •* In Memoriam.** 

Tennyson is one of the most versatile of 
poets in his use of metre. ” He realised,” 
says Mr. Benson. ” that the number of new 
thoughts that a writer 
can originate must be 
small — if, indeed, it is 
the province of a poet 
to originate thought at 
all — and the vital pre- 
sentment, the crystalline 
concentration, of ordi- 
nary experience is what 
he must aim at.” Hence 
his close attention to 
“form.” “He always 
held, as he says in his 
poem ‘To Virgil,’ that 
the hexameter was the 
‘ stateliest ’ metre ever 
invented; but he did not 
think it fit for English ; 
he once said that it was 
only fit for comic sub- 
jects, and he believed 
that Englishmen con- 
fused accent with 
quantity. He indicated 
that quantity had so 
little existence in English 
that for practical pur- 
poses it was superseded 
by accent, and that, 
except for delicate effects, accent must be 
attended to ; he always maintained that his 
experiments in classical metres had cost him 
more trouble than any of the poetiw he had 
written.” His son, the present Lord Tennyson, 
has an interesting chapter on “ In Memoriam.” 
The metre of this beautiful, if disjointed, elegy 
is the common long metre, with the second pair 
of rhymes indented. Here is a familiar example : 

“ I held it truth, with him who sings 
To one clear harp in divers tones. 

That men mav rise on stepping-stones 
Of their dead selves to higher things.” 

Tennyson wrote : “ As for the metre of ‘ In 
Memoriam,’ I had no notion till 1880 that Lord 
Herbert of Cherbury had written his occasional 
verses in the same metre. I believed m^lf the 
originator of the metre, until after ^In Me- 
moriam ’ came out [in 1850], when someone told 


me that Ben Jonson and Sir Philip SichMy 
used iC’ 

Under the Spell of the Poet. A friend, 
writing to the author of the “ Life,” records 
a remwrkable incident which binds Proude the 
historian and a ship’s mate by a bond of 
human fellowship, in their indebtedness to 
Tennyson’s metry. The incident is worthy 
of mention here as illustrating the power of 
the poet over readers of strangely different 
typos. It is thus recorded in the official 
biography: “One moonlight night, when 
sailing, some years since, in the Malay Archi- 
pelago. I came on deck, to find the ship in charge 
of the mate, a taciturn mariner, uncouth, and 
of uncompromising visage. A chance remark, 
however, about the beauty of the night brought 
a line from a well-known stanza irt ‘ In Me- 
moriam ’ as reply. I completed the verse with 
undisguised pleasure, and this fairly broke the 
ice of his reserve. Poi* 
the rest of that watch 
the mate pactnl up and 
down the deck, reciting 
to me the greater part 
of the ‘ Idylls ’ and th(* 
first half of ‘ Maud.’ 1 
shall never forget the 
feeling with which hi* 
lilted out the song. 
‘Birds on the high Wall 
Garden.’ During thc' 
next v/eek — ‘ all in 
the blue, unclouded 
weather ’ of that beauti- 
ful archipelago — thc 
mate and I talked 
together on the om* 
subject which had kept 
him, he averred, from 
suicide by drowning — 
a sailor's death more 
common than people 
think. For heart-whoh' 
delight in the poetry, 
for pure devotion to his 
image of the poet, 1 
place that mate of a 
Malay coaster above all 
the Tennysomans I have met.” Froude, writing 
m 1894, declared that he owed to Tennyson 
“ the first serious reflections upon life and the 
nature of it/’ and that these had followed him 
for more than fifty years. 

Tennyson's Favourite Poem and 
Some Others. From a technical stand- 
point “ Maud ” is regarded by competent 
criticism as one of the most perfect of 
Tennyson’s great poems ; it is the one, 
moreover, of which the poet himself was 
spwially fond. It contains the exquisite 
“Come into the Garden, Maud.” 
Perhaps the best of Tennyson’s work was his 
earliest. That which penetrates the heart of the 
many is comprised in the lyrics, 8u€h as the 
song just referred to, together with “ Break, 
Break, Break,” “Sweet and Low,” and his swan 
song, “ Crossing the Bar.” But the “ Idylls of 
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‘^K%«iwii*o ti^l#w<t Ifc.SejMOB 
tiSmw ia^^C sSSn^” *‘llMi*njinti» 

ioutlj,’* “tfcTlakr’i Dw^ter.” “(SiiMie," . 
“ The P*Uee ct Art,” " The&y <l«*e*^’ “ !»»• 
heio* B*t^” “A Dmun of leir WomMi, 
“The MiSrte d’Arthor,” “ Love end Duty,” end 
“ Lookeley Hell” emong the poems which have 
“ profons^y effected SS^lish litweture.” 

How to Study Tannyaott. The best 
plan to punue in the study of Twinyson 
uj to take upr the ‘‘Life” of the poet TOtten 
by hU son, and then to read the pwms in the 
eequenoe in which they were written. Any 
student who will do this will know more of 
Tennyson (and, incidentally, of the most 
important of his contemporaries) than he will 
be able to, glean from any other pair of volumes 
that can be named. For examples of (1) Tenny- 
son’s indebtedness to the writers who preceded 
him, and (2) the extent to which he re-wrote 
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many of his poems, reference should be made to 
the “ Illustrations of Tennyson ” and “ The 
Early Poems of Alfred Lord Tennyson,” by 
Prof. Churton Collins. 

Robert Brownins* With Robert 
Browning (b. 1812 ; d. 1889) “ form ” was but 
a secondary consideration. Its requirements, 
in fact, constituted for him almost an obstacle 
to the flow of thought. He is as difficult and 
obscure as, for the most part, Tennyson is clear 
and easy to the common understanding. It is 
said that in the course of time Browning will 
su^^ersede his great contemporary in popular 
estimation; but that time is not yet, nor 
Hkety soon to come. With Browning, far 
more than with Tenn^n, is it necessary to 
consider !the life and the poetry as inter- 
dependent and inter - explanatory. It has 
be^ well said that **maoh of the apparent 
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kkddng aiwiy *jr mmw c6inM.” 

Thece is no in Be is all 

viriHty/ His dramas mi hii peems are the 
appurtenances of an htteHeotnhl I3^mnaiiiim. 
With Browning— 

“ Life is— to wake, not ^eep.” 

“Rise and not rest,” he cries ; bat “press— 

“ From earth^s level where blin^y creep 
Things perfected, more or less, 

To the heaven’s height, far and steep. 
Where, amid what strifes and storms 
May wait the adventurous guest, 

Power is love.” 

Tennyson wrote that : 

“ Tis better to have loved and lost 
Than never to have loved at all.” 

With Browning it is better to have lived and 
struggled and failed than never to have lived 
at aUT 

Browning as a Poet. Browning as a 
poet,” writes Prof. Dowden, his most competent 
critic, “ had his origins in the romantic school 
of English poetry ; but he came at a time when 
the romance of external action and adventure 
had exhausted itself, and when it became 
necessary to carry romance into the inner world, 
where the adventures are those of the soul. On 
the ethical and religious side he sprang from 
English Puritanism. Each of these influences was 
modified by his own genius and by the circum- 
stances of its development. His keen observa- 
tion of facts and passionate inquisition of human 
character drew him in the direction of what is 
termed realism. , . . His Puritanism re- 

ceived important modifications from his wide- 
ranging artistic instincts and sympathies, and 
again from the liberality of a wide-ranging 
intellect. ... He regarded our life on earth 
as a state of probation and of preparation. . . . 
In his methods Browning would acknowledge 
no master ; he would please himself and compel 
his readers to accept his method, even if strange 
or singular. . . . His optimism woe part 

of the vigorous sanity of his moral nature ; like 
a reasonable man, he made the happiness which 
he did not find. . . . The emotions which he 

chiefly cared to interpret were those connected 
with religion, with art, and with the relations 
of the sexes. 

. . “ His humour was robust, but seldom 

fine or delicate. . . . There is little repose 

in Browning’s poetry. He feared lethargy of 
heart the supine mood, more than he feared 
excess of passion. . . . His utterance, 

which is always vigorous, becomes intensely 
luminous at the netful points, and then re- 
lapses to its well-maintained vigour, a vigour 
not always ixicompanied by the mghest poetical 
qualities. The music of nis verse is entirely 
orlginid, and so various are its kinds, so complex 
often are its effects, that it cannot be briefly 
chanoterised. Its attack upon the ear is often 
by surprises, which, corresponding to the 
sudden toms of thou^^t and leaps of feeling. 




’fif ^ •’^r ”*'' ’r'^ 

4<li^4i«M^^ ITet 

le mm^km mbttniM Mb t^me witk «a 
«BMft df iiiiBpMkskm wad madnikm. Btowii* 
^ mmda mmy mtskal eij^effiiiiAiitB* tome of 
wwk oalortiiiiftte, bat hk laftom are 
rattor to be aeoribed to temporainr lajMies into a 
foMkeoted ingenui^ ^lan to dto abaenoe of 
metrioal feeing. Hu chief mfiuenoe^ othMr than 
what is jpnrely artistio, upon a reader is towards 
estaUishing a connection between the known 
order of things in which we live and move, and 
that larger o^r of which it is a part.** 

An Important Point. It is especially 
important to remember that Browning's thought 
where it is most significant is often more or less 
enigmatical if taken by itself ; ** its energetic 
gestures, unless we see what they are directed 
against, seem aimless beating in the air.** That 
portion of his work, therefore, which is primarily 
polemical bids fair to fail of interesting posterity. 

Men and Women *’ includes some of his finest 
work ; but his madterpieoe is the living 
human epic of “ The Ring and the Book.” 
“ How they Brought the Good News from 
Ghent,” “ Saul,” “ The Lost Leader,” and 
“ The Pied Pipei of Hamelin,” are among his 
most popular works. It is worthy of note, by 
the way, that the first book of “ Selections from 
Browning ” was issued at the request of a 
society of literaiy students meeting weekly in 
Whitechapel, and it would be no bad plan if the 
young student first approached Browning’s 
poetry by the reading and re-reading of this 
admirable selection of his writings. It would 
prepare him in a measure for the strikingly 
individual qualities of the poet’s longer works 
and give him a good idea of the bent of 
Browning’s mind. 

Algernon Charles Swinburne (b. 

1837). Mr. Swinburne’s peculiar ideas, re- 
publican and agnostic, though popular opinion 
concerning them is to a certain extent mis- 
guided, have certainly had the effect of 
keeping the greatest living lyrist from the 
Laureateship In both his prose and his verse 
Mr. Swinburne seems ever at the mercy of 
an irrepressible flow of language. He exag- 
gerates whatever he touches. In the mam, 
the exaggeration makes genuine poetry, if we 
consider poetry as devoid of all appeal except 
the appeal to the ear and the passions. But in 
some of his works, and notably in Poems and 
Ballads ** legitimate exaggeration ranges into 
regrettable licence, if not utter unintelligibility. 
Mr. Swinburne has yet to be recognised for his 
essential patriotism as he is admired for his songs 
of the sea. His verse is as near to actual music 
as that of any poet who ever lived. Reference 
has been made to Tennyson’s facile use of 
varied metres ; but in tt^ regard Swinburne 
is the more comprehensive artist. 

The More Important of the Minor 
Poets. Next in importance to Mr. Swinburne 
must be reckoned I^Llithew Abnold (b. 1822 ; 
d. 1888), whose poems, austere in form, classic in 
spirit, breathe the indefinable sadness of culture 
threatened by anarchy. Mr. Swinburne has 
uttered no criticism that rings more truly than 


his diotam that Matthew Arnold’s ** beat 
pQ^t to live longer than most ; his poealA . 
oamuit but live as long as any of their time,*^ 
Bfotthew Arnold womd have won lasting 
distinotion among the few had he only written 
“The Strayed ^veller,” “Empedocles on 
Etna,” “The Scholar Gipsy,’* and ^Sohrab and 
Bustum.” The poems of Fbbbxbick Tekny- 
SON (b. 1807 ; d. 1898) and Charles Tennyson 
Turner (b. 1808 ; d. 1879) may be studied with 
those of their illustrious brother. Frederick was 
joint author of the famous “ Poems of Two 
Brothers,** and his “ Isles of Greece ” is a poem 
well worth study. Charles is best represent^ by 
his sonnets. Dante Gabriel Rossetti (b. 1828 ; 
d. 1882) cannot, as Mr. Benson observes, be 
said to have modified in any direct way the 
great stream of English poetry ; but he “ has 
stimulated the sense of beauty, the desire to 
extract the very essence of delight from emotion. 
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form and colour ; he has inculcated devotion 
to art.” Christina Rossetti (b. 1830 ; d. 
1894) takes a place in English literary history 
by the side of Mrs. Browning and Jean Ingblow 
(b. 1820 ; d. 1897). A. H. Hallam (b. 1811 ; 
d. 1833) lives in “In Memoriam” as John 
Sterling does in Carlyle’s biography. Richard 
Monckton Milnbs, Lord Houghton (b. 1809 ; 
d. 1885), belongs to the school of Praed and 
F. Lockbr-Lampson (b. 1821; d. 1896) as 

a brilliant writer of society verse. William 
E. Aytoun (b. 1813 ; d. 1866) was the 
author of “La 3 ^ of the Scottish Cavaliers.” 
Aubrey db Verb (b. 1814 ; d. 1902), the son 
of Sir Aubrey de Vere, was, like his father, 
a successful sonneteer, but is more noteworthy 
as a critic and a friend of Tennyson. Charles 
Mack AY (b. 1814 ; d. 1889) wrote the well- 
known lyric of “Tubal Cain.” Philip James 
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Bailxt (b. 1816 ; d. 1902) spent his life in 
the development of his Carnatic poem of 
Festus/' which, now half forf;otten, was 
once hailed as the product of the h%hest poetic 

r nius. Jaifxs Wsstland Mabstov (b. 1820 ; 

1890) wrote a number of dramas and poems 
that are now but imperfectly remembered. 
Of his son, Philip Bourkb Mabston (b. 1850; 
d. 1887), the blind poet, it may indeed be said 
that he learnt in suffering what he taught in 
song. Both John Ruskin (b. 1819 ; d. 1900) 
and Gzobge Meredith (b. 1828) are greater 

S >etB in their prose than in their verse. Arihub 
UOH Clough (b. 18^9 ; d. 1861), as shown by 
“ The Bothie of Tober-na-Viiolioh,” was not 
altogether given over to the philosophic doubt 
usually associated with his name. Charles 
Kingsley (b. 1819 ; d. *1875) should be praised 
for Sis “ Andromeda ” as well as for such lyrics as 
“ Oh, that We Two were Maying,” “ The Sands 
of Dee,” and ” Three Fishers went Sailing,” 
and his breezy ” Ode to the North-East Wind.” 
Coventry Patmore (b. 1823 ; d. 1896) is seen at 
his best in the refined sympathy of ” The Angel in 
the Houfte,” and “ The Unknown Eros.” In the 
Irish songs of Wiluam Allingham (b. 1824; 
d. 1889 ) is to be traced something of the origin of 
the present “ Celtic revival.” The poetic output 
of Robert Louis Stevenson (b. 1850 ; d. 1894), 
limited in quantity, is notable in quality. 
George MacDonald (b. 1824 ; d. 1905) wrote 
many short Itocs, of which “ Baby ” is especially 
delightful. His ‘‘ Diary of an Old Soul ” was 
declared by Ruskin to be one of the three great 
religious poems of the century. Francis 
Turner Palqrave (b. 1824 ; d. 1897) was 
greater as a critic than as a poet ; his ” Golden 
Treasury of Songs and Lyrics ” bears witness 
to his powers of discrimination, though he 
owed much to the advice of Tennyson. Gerald 
Massey (b. 1828), the original of George Eliot’s 
“Felix Holt,” long since laid aside the lyre; 
but his poems rank among the best that are 
“ racy of the soil ” and expressive of that 
popular spirit which gave rise to Chartism. 
Sir Edwin Arnold (b. 1832 ; d. 1904), in his 
“ Light of Asia,” interpreted Buddhism for 
Western readers. Sir Lewis Morris (b. 1833) 
is the author of a poem called “ The Epic 
of Hades,” But William Morris (b. 1834 ; 
d. 1896), as seen in his “ Earthly Paradise,” 
was a poet of a much more considerable calibre. 
Anglo -India has inspired Sir Francis Hastings 
Doyle (b. 1810 ; d. 1888), Sir Alfred Lyall 
(b. 1836) and Mr. Rudyard Kipling (b. 1866). 
Mr. Kipling's “ Barrack -room Ballads ” and 
the poem entitled “ Recessional ” exhibit him 
in two widely different moods. James Thomson, 
“ B.V.” (b. 1834 ; d. 1882), depicted the dark 
side of London in “ The City of Dreadful Night,” 
and ranks with Philip Marston .among the 
unfortunates of genius. Robert Buchanan 
(b. 1841 ; d. 1901) is another example of un- 
fulfilled promise, but his early poems will one 
day be the object of the admiration they deserve. 
William Ernest Qenley (b. 1849 ; d. 1903) 
is the Heine of England ; his “ Book of Verses,” 
“In Hospital,” and “London Voluntaries,” 
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occupy a distinctive place in latter-day litera- 
tore. To living poets, beyond those already 
mentioned, it is impossible to do justice. Of 
Mr. Alfred Austin (b. 1836) it can at least be 
said that his love of Nature is ^nuine, and his 
lyrical gift, if unequal, certainly above the 
contempt that has l^n heaped upon it. Dr. 
Richard Garnett (b. 1836) is a poet as well 
as a critic. Mr. Austin Dobson (b. 1840) and 
Mr. Edmund Gosss (b. 1849) are two of our 
sweetest and least pretentious singers. Mr. 
Theodore Watts- Dunton (b. 1832) has written 
many sonnets of exceeding beauty. Of Mr. 
W. S. Blunt (b. 1840) much the same may be said. 
Mr. W. B. Yeats (b. 1866), Mr. John Davidson (b. 
1857), who is still writing “ Fleet Street 
Eclogues,” Mr. Henry Newbolt (b. 1862), and 
Mr. Laurence Binyon (b. 1869) all claim men- 
tion. But Mr. Robert Bridges (b. 1844) 
is, of all our minor poets, perhaps the one whose 
work will prove the most enduring. If he is 
challenged for supremacy it will be by Mr. 
William Watson (b. 1858). Among our women 
poets, Mrs. Alice Meynell is undoubtedly the 
foremost. She is, indeed, one of the greatest 
women writers of the century, with an in- 
dividual and memorable voice. 

This brief summary is by no means ex- 
haustive ; but it will afford the student a clue to 
the most distinctive poets of the past century. 

Books to Read. For biography there 
is no series cheaper or better than the “ English 
Men of Letters ” (Macmillan). The Tenny- 
sonian student, however, must read the standard 
“ Memoir” by the present Lord Tennyson (now 
published by Macmillan at 68.) and, in 
addition to the works mentioned in the text, 
would do well to consult the amended edition 
of “In Memoriam” (Macmillan. Ss.), and Mr. 
A. C. Benson’s “Tennyson” in Methuen’s “ Little 
Biographies” (38. 6d.). The best biography of 
Browning is by Prof. Dowden (Dent. 48. 6d.). 
There is no cheap complete edition of his works ; 
but Messrs. Smith, Elder publish a small 
volume of “ Selections ” at Is. ; and the 
whole of the works in eight pocket volumes 
at 28. fid. each. Mr. Swinburne’s “Poems ” and 
“ Tragedies ” have been recently issued in a 
uniform edition by Messrs. Chatto & Windus. 
The “Globe” series (Macmillan), the “Oxford 
Poets” (Frowde), the “ Aldine Poets ” (Bell), and 
“ The Muses Library ” (Routledge) supply; ad- 
mirable texts of most of the standard poets 
mentioned in this and the preceding part of 
our study. The best edition of Wordsworth is 
edited by Prof. Knight (Macmillan), who has also 
arrangea a commendable selection of “ The 
Best Poems ” (Newnes. Ss. fid.). The new 
copyright edition of Byron’s works, edited, with 
a racy memoir, by Mr. Ernest Hartley Coleridge, 
and published, at fis., by Mr. John Murray is, for 
obvious reasons, the best. Matthew Arnold’s 
poems have been issued by Messrs. Walter 
Soott and Messrs. Routledge in inexpensive 
form. Consult also the “ Canterbury Poets ” 
and “ Poets and Poetry of the Nineteenth 
Century,” edited by A. H. lli^es. 
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SQUARE ROOT 

140 . If a number can be put into prime 
factors, its square root can be written down by 
inspection. 

Example. Find the square root of 27225. 
3^25 
3 9075 

5 '3025 Hence 27225 = 3'^ x 5'-* x W. 

5 ~66h • • n/27225 ^3x5x11 = 165 

II 121 
11 


141. We know that J\ — 1, and J 100= 10. 
Therefore, the square root of any number which 
lies between 1 and 100 lies between 1 and 10, 
i.c., if a number contains one or two digits, its 
square root consists of one digit. 

Similarly, since ^,/100= 10 and 10000= 100, 
the square root of a number between 100 and 
10000 lies between 10 and 100. That is, if a 
number contains three or four digits, its square 
root consists of tux) digits. 

Proceeding in this way, we obtain a general 
result — viz., the square of a number has either 
twice as many digits as the number, or one less 
than twice as many. 

Hence, to ascertain the number of digits in 
the square root of a perfect square, mark off the 
digits in pairs, beginning from the right. Each 
pair marked off gives a digit in the square root ; 
and, if there is an odd digit remaining, that 
digit also gives a digit in the square root. 

Example 1. How many digits are there in 
the square root of 546121 ? 

Marking pairs of digits from the right we get 
54,61,21. 

There are, therefore, three digits in the square 
root. 

Example 2. How many digits are there in 
the square root of 6774409 ? 

Marking off as before, we get 5,77,44,09, so 
that there are three pairs of digits, and one 
digit remaining. Hence, there are four digits 
in the square root. 


i 

t 

M** 

The method of 
finding the square 
root of a given 
number depends on 
the form of the 
square of the sum 
of two numbers. 

Ckinsider the 
number 26, ».#»., 
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20+6. In the figure, let AB measure 25 units 
and BC 5 units. Then AC = 20 units. Draw 
the square ABDE, and draw CF parallel to BD. 

Make BG = 5 units, and draw GK parallel 
to AB. Then it is easily seen that (1) ABDE 
contains 25-^ square units ; (2) BCHG contains 
5‘^ square units ; (3) each of the figures ACHK, 
GHFD, contains 5 x 20 square units ; (4) 

HKEF contains 20- square units. 

It follows that 

25-^ = (20 + 5)-' = 20^ + twice 20 x 5 + 5-\ 

The result may be written in the form 
25“ — 20“ + (twice 20 + 5) x 5. 

This is easily seen by transferring HGDF into 
the position shown by the dotted lines. For 
the square on AB is then equal to the two figures 
HKEF and LBGM. And, since AL = 20 units, 
AC = 20 units, and CB = 5 units, therefore, 
LB= (twice 20+ 5) units. Hence, the figure 
LBGM contains (twice 20 + 5) x 5 sq. units. 

142 . Suppose we are required to find the 
square root of 625. Marking off the digits, as 
in Art. 141 , we see that there will be two digits 
in the square root. The greatest perfect square 
which is not greater than 6 is 4, i.e., 2'^. Hence, 
2 is the first, or ten’s, figure of the square 
root. Subtract, then, this 20^ from 625. The 
remainder is 225. Now, by Art. 141 , if our given 
number is a perfect square, this remainder must 
be equal to (twice 20 + digit required) x that 
digit. Twice 20, or 40, is, therefore, a trial 
divisor. Now, 40 divided into 225 gives 6 for 
quotient. We therefore try whether (40+5) 
X 5 is equal to 225 ; and, finding this to be the 
case, we know that 5 is the digit we wanted, and 
that the square root of 625 is 25. 

We shall now consider a somewhat longer 
example, and show the method in which the 
work is arranged. 

Example 1. Find the square root of 74529. 

7,45,29(200 + 70 + 3 
200=^ = 4 00 0 0 
3 45 29 

70 X (twice 200 + 70) = 3 29 00 
16 29 

3 X (twice 270 + 3) = 16 29 

Explanation. We see that there will be three 
digits in the square root. The greatest square 
number less than 7 is 4', i.e., 2^. Hence, 2 is 
the hundred’s figure of the square root. We 
therefore subtract 200^, and obtain a remainder 
34629. We now have twice 200, ».e., 400, for 
a trial divisor ; and 400 divided into 34629 
gives 80. By trial, we find 80 is too large, sinoe 
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(b. 181^) ^ greater tban 34529. We 
there*r^lQpii^^ 70. This gives 70 x (400 + 70) 
= 3290^* this, when subtracted from 34529, 
leaves 1629. 

We have now completed the subtraction of 
270^ from the original number, and found a 
remainder 1629. 

Next, use twice 270, i.e., 540, for a trial 
divisor. 540 into 1629 gives 3. And 3 x (540 
-I- 3) - 1629, so that, after subtraction, there 
is no remainder. 


Also, since [Art. 141] 273^= 270^+ (twice 
270 -f 3) X 3, we have now subtracted 273* 
from the given number 74529. Hence, as 
there was no remainder, we know that 273* 
- 74629, so that the required square root is 273. 


The working is abbreviated as follows : 

7,45,29(273 .4 ?w. Explanation. As above, 
t 7)3 45 we find the first digit of 

54 3)16 2tt answer is 2 Square 

2, and subtract from 7, 
in one process. Remain- 
der is 3. Write the next pair of digits, 45, after 
the 3, giving 345. 


Double the digit of the answer, which has 
already been found, obtaining 4 as a trial 
divisor. 4 into 34 gives 8, which, as we saw 
above, is too large. Try 7. This proves small 
enough, so we write the 7 after the 4 of our trial 
divisor, and put 7 into the answer. Multiply 
47 by 7 and subtract from 345. Remainder is 16. 
Bring down the remaining two digits, 29, of the 
given number. Double the 27 of the answer, 
obtaining 54 as trial divisor. 54 into 162 
gives 3. Write 3 after the 54 and 3 in the 
answer. Multiply 543 by 3 and subtract from 
1629. There is no remainder, and 273 is the 
required square root. 


Example 2. Find the square root of 
2310*7249 


23,10*72,49,(48 07 Ans. Mark off the digits 
88 p7 10 — — in pairs /romfi^edect- 

9«07T6 72 49 mol poiM. Piweed 

as m Example 1. 

After obtaining the 
first two' figures of the square root, 48, we 
reach the decimal point in the given number. 
We therefore put a decimal point in the answer, 
and bring down the next two figures, 72. The 
trial divisor is 96, and 96 into 67 gives 0, Put 
0 in the answer, and bring down 49. The 
trial divisor is now 960, and this gives 7 for the 
remaining digit. 


148. In the case of a number which is not a 
perfect square, the process of finding the square 
root can be continued to as many decimal 
places as we please, but never terminates. 

The square root will not be a recurring deci- 
mal» for a recurring decimal can be expressed 
as a vulgar fraction in its lowest terms ; and, 
if we square such a fraction, the numerator and 
denominator will still be prime to one another — 
t.c, the square is a fraction^ and so, of course, 
cannot be equal to we giv^ number. 
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Example. Find the value of ^^2 to four places 
of decimals. 


2 (1-4I42 Ans. 


24)100 
281)400 
2824)11900 
28282 ) 60400 
3836 


We consider that 2 is 
2*0000... and bring down 00 
at each stage of the work. 


A number such as ^2, or J5, which cannot 
be exactly expressed as a decimal is called an 
Incommenaurable Number, or a Surd. 

144. To obtain the square root of a vulgar 
fraction we take the square root of the numerator 
and the square root of the denominator. 

For, the square of f is f x f , i.e., There- 

fore, 



V 16 ’ 


In the case of a mixed number, we reduce it 
to an improper fraction and proceed in the 
same way. 


Example 1. Find the square root of 19JX. 

Square root = 

If the denominator is not a perfect square, 
we multiply both numerator and denominator 
by such a number as will make the denominator 
a perfect square. 

Example 2. Find the square root of to 
three places of decimals. 


/A = = /L^ ^ ^ 3*872... 

V 5 VSxf) v'25 6“ ■ 5 

= *774 ... Arwi. 


145. Applications of Square Root. 

In the course on Geometry it will be proved 
that if one angle of a triangle is a right 

\ angle then the square on 
the side opposite the 
right angle is equal to 
the sum of the squares 
on the other two sides. 
This property enables us 
to find the length of the third side of a right- 
angled triangle when we know the lengths of 
the other two sides. 


Thus, if the angle C is a right angle, and 
we know that BC = 3 and CA = 4, then 
AB*= 3*-f 4* = 9+ 16= 25. 

.*. AB = ^25=6. 

Or, if we know that AB = 37 and AC = 36, 
then 

BC* = AB* - AC* =_37* - 35* = 144. 

.*. BC= V144= 12. 

Example. How long is the diagonal of a 
rectangular field whose length is 153 yd. and 
breadim 104 yd. ? 

The square of the diagonal = 153* 4- 104* 

= 23409+10816 
= 34225. 

.% Diagonal = ^^34225 = 185 



146 . mie fol! awing is a common type of 
problem in square root. 

Example. The members of a club each 
subsorilM as many sixpences as there were 
members of the club. The total sum was 
£456 128. 6 d. How many members were there ? 
£ 8 . d. 

455 12 6 
20 

9112 b. 

2 

1,82,25 sixpences (135 members Ana. 

23) 82 

265 )13 26 

Explanation. Evidently the number of six- 
pences subscribed is the square of the number 
of members. We therefore reduce the given sum 
to sixpences, and find the square root. 

Other problems will be met with after the 
chapter on Areas and Volumes. 

CUBE ROOT 

147 . If we can find the prime factors of any 
perfect eube, we can write down its cube root 
by inspection. 

Example. Find the cube root of 74088. 
8 74088 

9 926 1 74088 =:8x9x3x7x7x7 

3 1029 = 2^ X 3 ‘ X 7 * 

7 343 V^^OSS =2x3x7 

7 49 = 42 Ana. 

148 . Since P = 1 and 10^ = 1000, therefore, 
the. cube of a number which lies between 1 and 
10 lies, between 1 and 1000 , «.e., the cube of a 
number of one digit contains either one, two, 
or three digits. 

Again, since 1(F = 1000 and lOO*’ = 1000000, 
the cube of a number of two digits contains either 
four, five, or six digits. 

Proceeding in this way, we see that the cube 
of a number contains three times, or one less or 
two less than three times, as ma^y digits as the 
number. 

Hence, to find the number of digits in the 
cube root of a given number, we mark ofi the 
digits in sets of three, beginning at the decimal 
point, and marking both to the ri^t and to the 
left, 

149 . The simplest method of finding the cube 
root of numbem whose prime factors are not 
known is analogous to the method of finding 
square root, being based upon the form of the 
cube of the sum of two numbers. 

The student can easily verify for himself 
that 

67^=6(P-f-3x eO^x 7 + 3x 60x 7='+7‘* 

= 60***+ (3 X 60*+ 3 X 60 X 7 + V) x 7. 

If, then, from some given number, we first 
subtract 60*, and then subtract (3 x 60* + 3 x60 
X 7 + 7*) X 7, we shall, altogether, have sub- 
tracted 67*. If we now have no remainder we 
conclude that the given number is 67*, i.e., 
that its cube root is 67. 

It shotdiNbie noticedr that 3 x 60* is the same 


1 h 


o 


MATHSMATIM 

thing as 6 * x 300, and that 3 x 60 x 7 is the 
same as 6 x 30 x 7. In working examples we 
shall use the second of these forms, as there is 
possibly less chance of the student making any 
mistake in forming the trial divisors."' 

By multiplication we know that 67* = 300763. 
Let us consider how, when wo are only given 
the number 300763, we find that its cube root 
is 67. 

300J63(67 We first mark 


digits in 

6 * X 300 = 10800 ""si 763 threes, beginning 
6 X 30 X 7 = 12^ Ibe decimal 

72 = 49 point — i.e., in this 

12109 84 763 

hand digit. Next, 

we know that 6 * = 216, and V = 343. Hence, 
since 300 lies between these numbers, we 
know that the first digit of our answer is 6 . 
Write the 216 under the 300, and subtract. 
In reality, of course, we are subtracting 60* from 
300763. The remainder is 84763. We now 
form our trial divisor, by squaring the digit 
already found and multiplying by 300 [see above]. 
Thus, 6 * X 300 = 10800. Now 10800 into 
84763 appears to give 7 for the next digit of our 
answer. We try 7, forming the rest of our 
divisor by taking 6 x 30 x 7 = 1260, and 7* 
= 49, and adding the three lines. This gives 
12109, and, on subtracting 7 times 12109 from 
84763, there is no remainder. Hence, 67 is the 
required cube root. 

Example. Find the cube root of 14706*125. 

14706 126.(24-5 Ans. 

2 *= _8 
22x300= 1200 6 706 
2 x 30 x 4 = 240 

42= 1^ 

1456 5 824 

242 X 300 = 172800 882 125 
24 X 30 X 5 = 3600 

52 = 25 

176425 882 125 


Explanation. Mark off the digits in threes. 
By inspection, the first digit of the answer is 2. 
Subtract 2* from 14, obtaining remainder 6 . 
Bring down the next set of digits, making 6706. 
Form the next divisor by taking 22 x 300 
= 1200. This, divided into 6706, would appeal 
to make the next digit of the answer be 5. If, 
however, we use 5, and complete the divisor, we 
find that 5 is too big. Try 4, viz., 2 x 30 
X 4 = 240, and 4* = 16. Adding, the divisor is 
1456. Subtract 4 times 1466 from 6706. The 
remainder is 882. Bring down the next set of 
digits, 125, and, since these digits form the deci- 
mal part of the given number, we put a decimal 
point in the answer. Proceed as before — 
i.e., square the part of the answer already 
found, and multiply by 300. Thus, 24*2 x 300 
= 172800. Dividing this into 882125 gives 5 
for quotient, and we complete the divisor by 
taking 24 x 30 x 5 = 3600, Mid 5* = 25, whidr, 
on aihlition, makes 176425. Subtract 6 times 
176425 from 882125, and there is no remainder. 
Hence the required cube root is 24*5. 


*7 
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150. A great amount of laltoor can be saved 
in forming; the trial divisors, after the first. 
Thus, in the previous example, the second trial 
divisor, 172800, can be found without working 
out the value of 24* x 300. 

2 X 30 x4= rule is as follows: In 

^ “ iri the first divisor, already 

1 456 obtained, repeat the 4* = 16, 

Repeat 4*= J6j and add together every- 
24* X 300 = 172800 thing but the first trial 
divisor, 1200. This givp 
1728. If we now add two noughts we obtain 
the value of 24* x 300. 

The necessary figures arc shown above, 
bracketed together, but, of course, in actual 
work, we repeat the 16 mentally, and write down 
nothing more than was shown in the working 
of the example. 

161. The cube root of a number which is not 
an exact cube, can be found to any required 
number of decimal places. If the decimal 
part of the given number does not contain an 
exact number of sets of three digits, we simply 
put on ciphers to make up the set, and, of course, 
use three ciphers for each succeeding set that 
be required. 

Example. Find the cube root of 4 ’9590954051 
to four places of decimals. 

4’959,095,405, 100,( 1’7053. . . 
1 Ans, 

12x300 =300"^3 959 
1x30x7 =210 
7* = 49 

5 59 3 9 13 

1702x300 = ^70000 "46 095 405 
170x30x5 = 25500 

5* = 25 

8696525 43 477 625 
1 705* X 300 = 872107500(2617 780 100 
1705x30x3= 153450 

32= 9 

872260969(2616 782 877 
997 223 

Explanation. After obtaining the first two 
figures, 17, of the answer, the remainder is 46. 
Bringing down the next three figures we obtain 
46095. Our trial divisor (obtained as already 
explained, by adding together 210, 49, 559, and 
49, and affixing two noughts) is 86700. This, 
divided into 46095, evidently gives 0 for the 
next figure of the answer. Therefore, after 
putting 0 in the answer, we bring down the next 
three figures, and obtain 46095405. The trial 
divisor is now 170* x 300, which means we have 
simply to put two more noughts on to the 86700 
already obtained. We then proceed as before. 
Our final trial divisor, 012., 1706* x 300 is 
obtained from the preceding divisor, by adding 
25500, 25, 8695525, 25, and affixing two noughts. 

EXAMPLES 18 

By the method of factors, find the value of 

1- n/74629. 2- 

8. N/27300e25. 4- ViTSsSS. 

6- Vl83«9744. «• 1^1620875. 
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7. Find the square root of 98765*6329. 

8 . Find the square root of 3^ correct to three 
places of decimals. 

9. Find the cube root of 30959144, and of 
9269337*400720047. 

10. Find the cube root of ISf^f. 

11. The side of a square is 5' ft.' Find, to 
three places of decimals, the length of the 
diagonal. 

12. A man spent £19 5s. 4d. in buying books. 
On the average, each book cost as many pence 
as there were books. How many books did 
he buy ? 

13. On a tour, a man spent each day 5 times 
as many sixpences as the number of days the 
tour lasted. If he spent, in all, £6 28. 6d., how 
long did the tour last ? 

14. The foot of a ladder 50 ft. long is 14 ft. 
from the wall of a house, and its other end just 
reaches the top of a window. When the foot 
of the ladder is moved to a distance of 30 ft. 
from the wall, the other end just reaches the 
bottom of the window. What does the window 
measure from top to bottom ? 

MEASUREMENT OF SURFACE 


152. The table used for measuring area, or 
surface, is given on page 226. 

The chief surface with which we are concerned 
in arithmetic is the rectangle. 

A rectangle is a four-sided figure in which 
each side is equal in length to the opposite side, 
and each of the angles is a right angle. 

The length and breadth of a rectangle are 
called its dimensions. 

If the length and breadth of a rectangle are 
equal, the figure is called a square. We see, 
then, that the unit of surface, the square foot 
mentioned in the tables, means a square surface, 
each of whose sides measures a linear foot.* 
Similarly, a square surface which measures a 
linear inch on each side is called a square inch, 
and a square surface which measures a linear 
yard on each side is called a square yard. 

168. The number of square feet (or inches, or 
yards) in the area of a rectangle is equal to the 
number of linear feet (or inches, or yards) in 
the length multiplied by the .number of linear 
feet (or inches, or yards) in the breadUi. 

This statement is usually abbreviated into 
Length x Breadth = Area. 


For, let ABCD be a rectangle whose length, 
AB, is 4 ft., and whose 
A B breadth, BC, is 3 ft. If 

j we draw lines parallel to 

' J AB, 1 ft. apart, and lines 

j I ( parallel to BC, 1 ft. apart, 

— I i — the^rectangle will be divided 

I ( into squares, each of which 

0 C ^ square foot. But there 

are three rows of squares, 
and four squares in each row. Hence, the 
number of square feet in the area of the rect- 
angle is 3 X 4. 


164. Since, Length x Breadth = Area, it 
follows that. Length = Area -i- Breadth, and. 
Breadth = Area -i- Length. 
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If, then, we know any two of the quantities, 
length, breadth) area, we can find the remaining 
one. 

Example 1. A |^ot of ground containing 
1 acre is 44 yd. wide. What is its length ? 

Since 4840 square yd. = 1 acre, the required 
length is 

™ yd. = no yd. Ana. 

44 — rfb— ■— 

Example 2. It costs £5 lOs. 3d. to carpet 
the fioor of a room 21 ft. long with carpet at 
3s. a square yard. What is the breadth of the 
room ? 

Here, the number of square yards in the floor 
is equal to the number of times Ss. is contained 
in £5 lOs. 3d. 

We must then be careful to divide the 
number of square yards in the floor by the 
number of yards in the length of the room, and 
not by the number of feet. 

Hence, 

Area of floor = 55.^9®- square yd. 

38. 

= I square yd. 

O 

Length of floor - 21 ft. = 7 yd. 

Breadth of floor = y^* y^* 

= 5Jyd. = 15ft. 9 in. Ans. 

AiiAwers to Arithmetic 

Examples 17 

1. 4J : 380 : ; £102 : Reqd. Amnt. Hence, 
amqunt to be invested 

= = £8100 Ana. 

2. His income from Consols = 94 x £2^ 
= £235. Therefore, income from 4 per cents. 
= £235 -f- £5 = £240. Amount obtained from 
sale of Consols = 94 x £90 — £8460. But, £240 
income from 4 per cents, requires £(240 x 100 

4) stock = £6000 stock. Hence £6000 stock 
costs £8460. Therefore £100 stock costs £8460 
-i-60 =£141 

8. Income from £5775 in the 3 par cents. 
= 57} X £3 = £173J. (The j^ice of the stock, 
£99, does nht affect the question.) Price of the 
per cents. = 116J-I- J= 116J. Therefore, 
since IISJ must be invested to produce £3J 
income, the amount which must be invested to 

produce £173^ is £l2?t^JM = £5717 5s. Ana. 

4 . Net income from each £100 stock = £5 
- 5s. = £4J. To obtain an income of £3i he has 


to invest £100. The price of the stock is the 
amount he has to invest to obtain an income of 
£4}. Hence, 3J : 4f ; ; £100 ; Required price. 

Therefore, price = = 126f Ana, 

3| 

5. L.C.M. of 3i and 4J, i.c., of and Y» 

is Now, Y = ® ^ ^ ^ Thus, 

£600 stock in 3} per cents, produces the same 
income as £500 stock in 4J per cents. But £600 
of first costs 6 X £90 = £540. Therefore £500 
of S3cond stock costs £540, so that price of 
stock = £540 H- 5 = £108 Ans. 

6. L.C.M. of 90 and 98 = 4410. The income 
from £4410 invested in 3J per cents, at 98 

= £^^1? JLM = £46 X 3i = £167i. Similarly, 
Vo 

we find that the income from £4410 invested in 
3 per cents, at 90 = £3 x 49 = £147. Thus, 
if the sum invested had been £4410, the income 
is £10J greater in the first case than in the 
second. If, then, the income is £15 greater, the 

amount invested is ~ £6300 Ans. 

7. The change in income is that duo to 
investing £4131 in 5^ per cents, at 119 instead 
of in 3J per cents, at 102. The income in the 

first of these casss is = £182J. In 

1 ly 

the second case it is ~ £1413. 

Hence he increasss his total income by £182| 
-£1413 = £40 lOs. Ans. 

8 . His income =25 x £3 = £75. If all his 
money was invested in the 3J per cents., his 

income would bp = £78jjjj. This is 

£ 3^,51 greater than his actual income. Next, the 
L.CrM. of £103^ and £140 is found to be £4340. 
This sum, invested in 3i per cents, gives an 
income of 42 x £3J = £136}. The same sum 
invested in 4 per cents, gives 31 x £4 = £124. 
Thus, by investing £4340 in 4 per cents, instead 
of 3} per cents., the income would be reduced by 
£12}. We have to find how much must be 
invested in 4 per cents, to reduce the income 
by £3J|!. Thus, 12} : 3{flf .* : £4340 : Required 
amount. 

T> • j . «4340 X 225 x 2 ^ioaa 

.*. Required amount = £ — x 25 ’ ~ 

Hence, £1260 is invested in 4 per cents, at 140, 
giving £900 stock ; and the remaining £1240 is 
invested in 3} per cents, at 103}, giving £1200 
stock. The answer is, therefore, £900 of 4 per 
cents, and £1200 of 3} per cents. 


Continued 
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iSvtM the of the latter 

toms out the dbloriiie from w hydrochloric 
acid, some of the cldorme oombimng ‘with the 
manganese and eome going free. The following 
equation represents the action : 

MnOg "i" 4 HOI = MnOlg + 2 H^^O ^ Clg. 

Like fluorine, though in less degree, this ele- 
ment is chemically rery energetic, and in its 
imdiluted state is scarcely less dangerous to 
work with. Pressure and cold readily convert 
it into a yellow liquid or solid. Also, like 
fluorine, it has great affinities for hydrogen, and 
will actually take this element — with which it 
forms hydrochloric acid (HCl) — not only from 
organic compounds which contain it, but also 
from its extremely powerful combination with 
oxygen to form water. Thus, while chlorine is 
soluble in water, it very readily decomposes the 
solvent, keeping the hydrogen and displacing 
the oxygen. This oxygen, at the moment of 
displacing, is nascent^ and has the properties of 
any nascent element, as we showed when dis- 
cussing peroxide of hydrogen. Hence, chlorine 
is, though so indirectly, one of the most powerful 
of all oxidising agents in virtue of its power of 
liberating nascent oxygen from water and other 
substances. This property of chlorine is chiefly 
used in order to bleach various materials, which it 
does by thus oxidising and altering the colouring 
matters that they may contain. The explanation 
we have given of the oxidising properties of 
chlorine will enable the reader to understand why 
the gas has no such properties. Chlorine is 
inimical to every form of life, and is thus probably 
the most certain and searching of all kno^ disin- 
fectants. This property also doubtless depends 
upon its oxidising action. Nevertheless, chlorine, 
when combined with other elements, has very 
different relations to living matter, for certain 
chlorides — especially sodium chloride, or common 
salt (NaCl) — are important constituents of the 
food of practically every living thing. 

Bromine. As we advance in the series of 
the halogens, we pass from bodies which are 
gaseous at ordinary temperatures to one which 
is a liquid at those temperatures, and Anally to 
one which is solid. Bromine^ the third member 
of the series, is a liquid (with a deep red colour), 
that readily evaporates, producing a gas which 
has a disagreeable smell (Greek — bromoa, a stink). 
In general, its properties closely resemble those 
of the previous members of the series. It occurs 
in nature mainly in the form of bromides, many 
of which are of importance in medicine, in 
photography, and for other purposes. 

Iodine. Iodine is a dark crystalline solid at 
ordinary temperatures, but readily evaporates, 
forming a violet coloured gas. It is much 
less soluble in water than its predecessors ; 
the vapour is very irritant, and has a similar 
action on the lungs and air passages to that 
exerted by the othw halogens. While chlorine 
is of great use in medicine, indiieetly, in virtue 
of its extremely marked antiseptic properties, 
iodine is used in medicine directly, occasionaDy 
internally and very frequently externally. It 
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is stiU more valuable in the form of its salts, 
especi^Iy.the iodides, such as the iodide of 
potassium (KI), which is obviously a salt derived 
from the hydriodic acid, previously mention^. 

Iodine and Living Tiaeuea. When 
iodine, in its elemental form, is brought into 
contact with living tissues it exercises very 
marked actions, "niese are best illustrated by 
a consideration of what happens when a not too 
strong solution of iodine is painted on the skin. 
Doubtless the element imdergoes rapid com- 
bination with certain of the tissues of the skin. 
In one form or other, it is certainly capable of 
being absorbed, and of exerting marked actions 
upon tissues lying at a considerable depth 
beneath the surface of the skin — almost as much 
so as if elemental iodine had been applied 
directly to them. In the language of medicine, 
elemental iodine and some of its compounds 
are said to act as alteratives^ the' reason being 
that they seem to produce very marked changes 
in the behaviour of various tissues. These 
changes are often so profound and extensive as 
to be quite out of proportion, it would appear, 
to the relatively small amount of substance that 
produces them. Hence it seems probable that 
the action of such a substance as iodine may be 
comparable in some small measure to the 
behaviour of oxide of barium, which is used, as 
we recently saw, in the commercial process for 
the obtaining of oxygen. 

Mjraterioua rower of Iodine. We 
have seen how chlorine acts as an oxidising 
agent, and it seems probable that iodine, whether 
in its elemental form or as an iodide, must have 
the power of transferring oxygen from place to 
place, or acting as a so-oalTed oxygen carrier, being 
thus able, even in very small quantities, to do a 
very large amount of work, just like the oxide of 
barium, which helps itself to an extra supply of 
oxygen, disposes of it, and thus is able to repeat 
the process indefinitely. Of course, in the 
example we have quoted, the conditions of 
temperature and pressure are altered by an 
agency from without ; but it is quite conceivable 
that there may be a similar automatic mechanism 
in the body which enables iodine to act as it does. 

The further and final stage in the illustration of 
the sort of process we are describing is furnished 
by the ferments, that extraordinary group of 
substances, the property of which is that, by 
their mere presence, and without undergoing 
any change in .themselves, they are able to cause 
the most marked chemical changes in other 
substances with which they are in contact. We 
are far from supposing that the above sentences 
offer a chemical explanation of the properties of 
iodine, or of any other alterative substance ; 
but it is, in effect, the explanation which is 
fulvanoed by one of the very greatest students 
of the ohemioal interactions between such sub- 
stances as iodine and the living body — Professor 
Binz, of Bonn. It was not necesssary to refer 
to the method by which bromine may be 
obtained in its elem^tal form, since elemental 
bromine is of small utility, and stnoa Hkho' 
process is essentially the same as that by 
which iodine is prepared. It was in the 
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substance called kelp, variously defined as. sea- 
weed, or the ash of the Beaweed, that iodine 
was first discovered. The plant obtains it from 
the sea^water in which it lives, and obtains 
Wmine in like manner. . When, the ash is 
dlstUIed with sulphuric acid and the now 
familiar dioxide of manganese, first the iodine 
comes away, and then the bromine. 

The Halogenm and the Periodic Law. 
It is now hardly neoessa^ to say that the 
whole series of halogens oners excellent con- 
firmation of the periodic law of Mendeleeff, 
and that the chemical properties of these bodies, 
the conditions under which their compounds are 
formed, and their reactions generally, correspond 
in an extremely significant degree to the proper- 
ties which might have been assumed for them 
by anyone who had nothing but the periodic 
law from which to argue. For instance, the 
atomic weight, the boiling point, the specific 
gravity, the temperature at which combination 
occurs with hydrogen, and a whole series of 
further properties, follow definite gradations in 
the case of these four elements. It is not im- 
probable that this group will afford the most 
valuable help to the chemist and the physicist 
in their most recent and most important enter- 
prise, which is the attempt to infer, from what 
they know of the various elements, the details 
of the atomic structure or architecture of those 
elements and the exact manner in which, for 
instance, the atom of chlorine differs from, yet 
resembles, the atom of fluorine, while the 
difference between the two must consist in 
some detail of structure which is perhaps 
repeated or doubled in order to get the further 
differences represented by the bromine atom, 
and lastlv by the atom of iodine. 

Peculiar Properties of Platinum. 
Platinum is a very rare and precious metallic 
element. Chemically, it may be grouped with 
another metal, palladium, and with certain 
others of very small importance in themselves, 
such as osmium, rhodium, ruthenium, iridium. 
These elements occur in nature uncombined, and 
in the metallic state, usually in the form of tiny 
grains in the sands of certain rivers. Platinum 
is thus found in California and South America, 
Australia, and the Ural Mountains. The pro- 
cesses by which these metals are obtained in any 
quantity in the pure state are extremely difficult 
and complicatea. When at last metallic plati- 
num is obtained in a form that be manipu- 
lated, it is found to be a white, lustrous, silvery 
metal of a very great weight (its atomic weight 
is nearly 196), and having a number of very 
important physical properties. For instance, it 
is extremely difficuft to fuse or melt, requiring 
no less than the temperature produced by the 
immediate union of oxygen and h3rdrQgen in the 
osy -hydrogen blowpipe. Readers of the course 
on Physics will understand what is meant when 
we say that this rare metal has extreme tenacity., 
is very malleable, and very ductile. It does not 
oxidise eVen^hen .has ted in pure oxygen ; strong 
mineral acids do not affect it, nor is it act^ upon 
by moist air.' For all these reasons, platinum is 
very exteinsively used in various chemical opera- 
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powerfully corrosive liquids, such as aulphmu 
acid and hydrofluoric acid, or when any ^eaf 
heat is required. The metal can be cast and 
forged, and can also be welded ; furthermore, 
it expands under the influence of heat only very 
slightly, so that when it is fu^ through glass, as, 
for instance, in the ordinary incandescent electric 
lamp, alterations in temperature cause the 
platinum and the glass to expand or contract 
proportionately, so that the glass is not cracked 
by the expanding metal when the lamp is lit. 

Absorption of Gases by Platinum. 
In a previous chapter we made some reference 
to the remarkable property possessed by some 
substances of absorbing gases within them. 
Charcoal is a conspicuous and familiar instance 
of a substance which has this power. It is to be 
remembered also that there is more than a merely 
physical absorption of the gas, since in the case 
of oxygen tlie result of this absorption is 
to increase its chemical activity. Hence it 
seems probable that the molecular arrangement 
of the gas is disturbed. Now, platinum, when 
finely divided and forming the black powder 
platinum black, has this property of condensing 
gases in it to an extraordinary degree, being able 
to absorb, for instance, some hundreds of times 
its own volume of oxygen. 

Another form of platinum, called spongy plati- 
num, and also the platinum black of which we 
have already spoken, are able to induce chemical 
actions, such, for instance, as the direct union of 
oxygen and hydrogen at ordinary tempera- 
tures — which is explicable if we accept the 
view that the condensation of such gases within 
their pores is more than a merely physical act, 
and implies a change in the molecular constitu- 
tion of the gases, so that they become practically 
as chemically active as if they ’were nascent. 
Very probably, indeed, they are nascent, in the 
sense that a large number of their molecules 
are broken up, so that unpartnered atoms of 
oxygen and hydrogen are wandering about, 
being thus more ready to effect chemical com- 
binations with foreign atoms than if they went 
about with each other in pairs, as they do 
in the molecules of these gases in ordinary 
conditions. 

The Last Group of Metals. Finally, 
we must discuss a very important group of 
metallic elements consisting of copper, ^ver, 
gold, and mercury. We may take these elements 
together, even although they do not exactly 
fall into a group in me table of liie periodic 
law published by Mendeleeff in 1904. When 
we were discussing the atmosphere, we saw that 
the new group of gases discovered in the air by 
Lord Rayleigh and Sir William Ramsay — 
helium (already known elsewhere), neon, argon, 
.kiypton, xenon — must now be regarded as the 
zero group of the elements. Not one of these 
gases has any combining power at all, so far 
as can be made out. Group one of the elements 
■has already been partly discussed. Its members 
have combining power, each atom of any 
typical one of them having, so to speak, one arm, 
and being therefore calM monovalent. The 



members of this group, bx the order erf their 
atomic weight, are hy^ogeu, lithium, sodium, 
potaomim, copper,, nibidium, silver, caesium, 
aud girfd, and the reader wiU notice that the 
lights members of the groups have already been 
oonsidei^ Ignoring the very unimportant 
elements, rubidium and caesium, we are 
therefore left with copper, silver, and gold. 
According to Mendeleeff, mercury, which has 
so many remarkable peculiarities, belongs not 
really to this group at all, but to group two. 
We are bound to note this faet ; yet we may 
conveniently adhere to the long-established 
arrangement and discuss mercury together with 
the o&er three elements we have named. 

What Makes Copper Valuable. All 
these four elements are found in the elemental 
state in nature. But the first of them, 
copper, more commonly occurs in combina- 
tion ei^ier with oxygen . or. with • sulphur. 
It is very readily obtained from its oxide by the 
now familiar employment of carbon, in the form 
of charcoal or coke, which takes the oxygen 
to itself and leaves metallic copper behind. Or 
copper may be displaced from the familiar salt 
known as copper sulphate (CUSO 4 ) by means 
of iron, which forms sulphate of iron (FeSo.,), 
the copper being precipitated; and a third 
method of obtaining metallic copper consists in 
an interaction between the sulphide and the 
oxide. The sulphur and oxygen of these 
respectively, combine to form the gas sulphurous 
anhydride, or sulphur dioxide (SOo), metallic 
copper being left behind. 

Ibis extremely valuable metal has a dis- 
tinctive colour, an atomic weight of rather more 
than 63, but a veiy small degree of hardness. 
It is very malleable, tenacious, and ductile 
[see Physics], is fusible — that is to say, melts — 
at a red heat, and is an excellent conductor both 
of heat and electricity. In this last respect, as 
in the others, it resembles silver and gold, but 
being much cheaper th^,n either of these metals, 
it is naturally preferred to them as a material 
for wires to convey electric currents. In electric 
conductivity copper is second only to silver ; but 
it must be extremely pure copper, its electric 
conductivity being very greatly reduced by even 
very small traces of foreign substances. Hence, 
the methods of obtaining metallic copper above 
mentioned have to be abandoned* and electro- 
lysis substituted when copper is required for 
electrical purposes. 

Bronxe. Amidst all these valuable physical 
properties of copper it is to be noted that there is 
one — viz., its relative softness — which interferes 
with its utility for many purposes. But when 
copper forms an alloy with tin there is obtained 
the snbstance called bronze, which is very 
much harder. Bronze has been known since 
vMy early times ; and the student of what we 
are now learning to call pre-history speaks, as 
we saw in the iimt chapter of this course, of the 
Bronze Age, which succeeded the Stone Age, and 
marked a great advance in civilisation, largely 
dependent upon the newly acquired knowledge 
of manipidating bronze, a^ was in its own turn 
Buceeeded by the Iron Age. Thus, Uiis element. 


S r, has. its own special interest for the 
lo^ic student of the means by which man 
gradually emerged from primitive savagery. 
Here we may also note that in recent years it has 
been discovered that the addition of a small 
quantity of phosphorus to bronze, producing 
the alloy called phosphor bronze, greatly increases 
its hardness and gives it a new value as a material 
for cog-wheels and other parts of machines 
where great hardness is desirable. It is the 
opinion of Lord Avebury — perhaps better known 
as Sir John Lubbock — that the use of copper 
was not introduced into Europe at all until it 
had first been discovered somewhere in the East 
that a much more valuable substance could be 
produced by the addition of a small quantity 
of tin to it — that is to say, by the making of 
the alloy called bronze. The alloys of copptT 
now in use are very numerous— about 70 per 
cent, of copper Mid. 30. per cent, of zinc forming 
brass — whilst there are various modifications 
of bronze besides phosphor bronze, the aluminium 
bronzes and German or nickel silver, the alloy 
of copper and zinc, to which reference has already 
been made. 

Copper and the Human Body. 

Minute traces of this element are not infrequently 
found in the human body, yet it is certainly 
not to be regarded as a desirable constituent 
of the body, but rather as a more or less un- 
desirable foreign substance which has gained 
access to it by means of the food. Salts of this 
metal are often used in order to make more 
vivid the green colour of vegetables, such as 
bottled peas, and the question arises whether 
the use of copper for this purpose is at all justifi- 
able. There is good reason to believe that if 
the quantity employed is very small — though 
quite large enough for the purpose — it has no 
injurious action upon the body, copper being 
exceedingly difficult to absorb, so that even if 
moderate quantities are frequently swallowed 
no harm is done. So far as acute poisoning 
from copper is concerned, the risks are also very 
much less than is commonly supposed, and the 
smallness of the risk of chronic copper poisoning 
may be estimated from the fact that there is no 
proof of this having occurred even amongst 
workmen engaged in the manufacture of 
verdigris, which is the acetate of copper. 

Silver. This precious and familiar element 
occurs, as we have already stated, in its c! men- 
tal form in nature, and is also frequently found 
in combination with sulphur, the sulphide of 
silver being known as silver glance. It also is 
found in union with mercury in various parts 
of the world. We have purposely avoided the 
use of the word combination, which would beg 
the question whether this body is really to be 
regarded as a compound or as a mixture. Its 
composition varies, and we know that the com- 
position of a true compound is absolutely 
invariable. But on the other hand this am^aw, 
as it is called, is crystalline, and the relations of 
the elements in it must probably be regarded as 
more than a mere mixture. 

The appearance of the metal and its capacity 
for tiilring a high lustre are familiar ; , like 
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copper, it is very ductile, malleable, and a good has been known for many centuries as 

conductor of heat and electricity. Also like regfia, which we may translate as the regal fluid, 

copper— €md the same applies to gold— it is not The compound which is formed when gold is 

oxidised by the air, no matter whether moisture thus dissolved is called auric chloride, and has 

be present or not. Copper, however, can be the formula AuC^ 3 . 

oxidised at a red heat, but silver only at a much Gold occurs in nature chiefly in its elemental 
higher temperature and under great pressure, state ; its distribution is very wide, though the 

while gold cannot be made to unite with oxygen total quantity is so small. For instance, it 

directly at all. The marked stability of these occure in minute quantities in iron ^ites (FeS 2 ), 

metals led them to be called, in former days, the and in galena, the sulphide of lead (PbS), of which 

“ noble metals ” ; they vary in their nobility, we have already made the acquaintance. Ex- 

however, as we have already seen, and even at tremely minute traces are found in sea -water, 
ordinary temperatures silver loses its lustre and Possible Making of Gold. We 

it« purity in the presence of compounds of are all familiar udth the fact that the alchemists 

sulphur, such as the gas called sulphurett^ spent long years in seeking the philosopher’s 

hydrogen (H.S), or the gas we h^e aheady g^one which would turn all the base metals 

mentioned, sulphur dioxide (SO 2 ). This change j^^to gold. Probably every reader in his time 

is due to a formation of a thin film of the black ^ain efforts ; and 

sulphide of silver. A curious illustration of certainly we may agree that there is no such 

this property of silver is furnished by the philosopher’s stone. But we are now coming 

consequences not infrequently observed when to see that the alchemists were not so far wrong 

considerable doses of sulphur are being given ^f^er all. They believed that under the differ- 

medicinally to people who wear silver ornaments, ences which the elements display there must be 

such as bangles, next to the skin. In such essential similarity, and we now know that 

oaaes the patient is sometimes puzzled to know were right. It is especially that extra- 

why the bangle cannot be kept clean ; its ordinary element radium, of which we shall 

bl^kening is due to the fact that some of the have much to say later on, that has taught 

sulphur given to the patient is passed through regard the transmutation of the elements 

the skin, in various forms, which attack the merely as possible, but as, in at least two 

surface of the silver and cause the formation of known oases, an observed and proven fact. So 
a ^in layer of the black sulj^ide. ^he evidence of such changes that has 

K^^ers of the course on Physics are now established is concerned with what we 

famili^ with the thr^ states of matte^ downward changes — that is to sa^, 

and will not be surprised to hear that at sum- changes from heavier and more complex elements 

oiently high temperatures is found in towards lighter and simpler ones. On the other 

the form of a bluish gas. This fact is almost hand, there is no theoretical impossibility in 

as surprising to some people as is the fact that performance of the reverse process, such as, 

air may be obtained in the form of a liquid that instance, the building up of heavy and 

looks like water, or a solid that looks l^e ice. complex-atomed elements such as gold from 
The •• Nobility *• of Gold. This more or simpler ones. There is, indeed, every indication 

less familiar element is closely allied in its that chemistry is now upon the brink of quite 

properties to those we have previously discussed, incalculable possibilities ; it was at these that 

It is pre-eminently the noble metal, remaining the discoverer of radium, M. Curie, was hinting 

unchanged in the presence of even moist air, and, when he recently came over from Paris to receive 

indeed, declining to undergo direct oxidation a gold medal from the Royal Society. In 

under any conditions whatever j it is very ductile, aclmowledging the honour that had been paid 

tenacious, and malleable. Copper, silver, and gold, him he jokingly remarked that he would do his 

indeed, are all so malleable that they can be best to see whether he could not turn the medal 

beaten into films that will transmit light, and the into radium. Ten years ago such a remark 

thinness to which gold-leaf may be reduced is would have -been a pointless absurdity, but now 

aim . incredible. A reference to the table in an it is very significant. The work of Madame 

early ’ .3son will remind the reader of the very Curie and others has shown us that the atomic 
great weight of gold. Its atomic weight is weight of radium is heavier than that of gold ; 
rather more than 197. Though gold is so scarce, .and if the reader remembers what we have said 
has such a fine lustre, is so “ noble,” and is the as to the comparative probability of building 
only yellow metallic element, it is by no means up heavy elements from light ones, and vice 
the dearest of the elements. Compared with versa, he will see that if gold or any other 
radium, for instance, it is “dirt cheap.” It is element, often of far more intrinsic value than 

even more resistant to chemical action than the gold, is to be produced by transmutation, the 

other members of this group. The powerful element to be transmuted is more likely to be 

acids, for instance, such as hydrochloricj nitric, one that is more complex and heavier than 

and sulphuric acids, will each dissolve copper, ^Id. It will not be long before phrases like 
but the only means by which gold may be “ analysis bf the elements ” mid “ synthesis 
made to yield to them is by the combined action of the elements ” make their appearance in 
of nitric and hydrochloric acid. The mixture text-books. We are on the brink of the New 
of these two acids, being able to dissolve gold. Alchemy, 

CotUinued 
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IT will be useful, before sturdy ing the details 
of any one class of construction, to obtain a 
general idea of the various materials employed 
and the modes of using them. 

Earthwork. Excluding the use of earth- 
work in military defences, earthwork may be said 
to be used only in embankments in one form 
or another, and of these, railway embankments 
form the largest proportion. In designing rail- 
ways, endeavour is made to obtain the minimum 
gradients, and at the' same time to arrange the 
levels so that the amount of material required 
to form embankments may equal the amount 
excavated in forming the cuttings. If surplus 
material be excavated spoil banks have to be 
formed to £e rid of it. These are filled up to rail 
level, and may sometimes be utilised in forming 
sidings, but often they are so much waste ; while 
if there be a defioiency of material from the cut- 
tings it is necessary to obtain a supply from 
elsewhere at an increased cost. The side slopes 
will depend upon the nature of the material. 
In solid rock the sides may be vertical ; in 
chalk, which is soft rock, they may be nearly 
vertical ; in gravel and compact earth they 
may be 1 to 1, or IJ to 1 — that is, IJ horizontal 
to 1 vertical ; and in clay they may need 
to be as flat as 2^ to 1, or 3 to 1. A general 
average may be taken for the side slopes of 
IJ to 1, both in cutting and embankment. 
As a railway embankment starts from a cutting 
with no vertical height and increases in depth 
until the centre of the valley is reached, the 
most convenient, method is to tip the material 
forward, over the requisite width. For a single 
line of railway two tips in the width may be 
sufficient, but for a dpuble line of rails with a 
surface width of, say, 26 ft., four tips will be 
necessary, otherwise the material will roll from 
the centre outwards and the embankment 
will be liable to slips. 

A longitudinal section through the embank- 
ment should show the layers in lines inclined 
forward from the cutting [1], while a cross-section 
should show the layers in lines [2]. Wherever 
a stream crosses the line at the bottom of a 
valley, or on the side of a hill, a culvert has to be 
formed to allow of the passage of the water 
during and after completion. This may be 
merely a wooden box-like trough, or may be 
like a miniature tunnel in brickwork o,r masoniy. 
In either case it has to be formed before the 
embankment is carried over it, and, to prevent 
pushing it over, it is necessary to tip on both 
sides of it until it is fairly covered. 

Settling of Earthwork. The exca- 
vated material occupies more space than it 
did before it was disturbed, the increase in bulk 


averaging as follows : Gravel, 7 per cent. ; gravel 
and sand mixed, 8 per cent. ; clayey earths, 
10 per cent. ; light, loamy soils, 12 per cent ; 
soft rock, 30 per cent. ; hard rock, 40 per cent. 
After the embankment is made it naturally 
consolidates by the action of the weather and 
the efflux of time: Generally, with the ordinary 
materials, 3 or 4 in. additional height for every 
6 ft. in depth is allowed for settlement, other- 
wise the embankment must be made up to keep 
it to “ grade level.” Rankine says — ” Em- 
bankments settle after their first formation 

seldom less than one twelfth and 

seldom more than one-fifth of the original 
height.” But this greatly depends upon the 
amount of rainfall during the construction: 
dry lumpy soil leaves most vacant spaces. The 
ballast to form the road is generally flint gravel, 
slag, broken stone, or burnt clay, to obtain better 
resistance to the action of the weather. 

Earth Dama. Those are embankments 
formed at the mouth of a valley to shut in the 
water in forming an impounding reservoir. The 
general section is as shown in 8, where the dotted 
lines indicate the slope of the layers in the forma- 
tion of the embankment. The essential feature is 
an impervious wall of puddled clay in the centre 
to prevent the percolation of water from one side 
to the other, the smallest leak being extremely 
dangerous. Selected material is placed next 
and almost any kind is used outside to give the 
mass necessary for stability. The puddled 
clay must bo sufficiently protected on the top 
to avoid any possibility of drying and consequent 
cracking. The outer and inner slopes depend 
somewhat on the natural slope due to the material, 
but they are usually 3 to 1 on the inner or water 
side, and 2 to 1 on the outer side. 

At the back of any retaining wall the earth 
must be benched out as in 4 , and the material 
that is filled in must be rammed in layers 
inclined from the wall. It will thus be seen 
that in every case particular care must be taken 
to minimise the tendency to slip. 

Concrete. Concrete is made in two 
main varieties — lime concrete and Portland 
cement concrete. Lime concrete is the cheaper 
and is used only in foundations, but is of no 
more utility than a similar amount of gravel, 
and in damp situations may even be worse. 
Wherever it is necessary- to use any concrete, 
Portland cement should be employed, but on 
exception 'may be made in favour of Lias lime 
concrete where this is readily procurable. 
Cement concrete consists of 1 part of Portland 
cement, by measure, to 1 or 2 parts of sand as 
,the matrix, and 4 to 8 parts of broken brick or 
stone, flint pebbles, clinker, coke breeze or other 
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hard material as tiie aggregate, varying in si^ 
according to the purpose. The theory of the 
mixture is that the spaces between the lar^r 
pieces of the aggregate should be entirely filM by 
the smaller pieces, that the spaces still existing 
should be filled by the sand, and that the whole 
of these materials, including the SEind, should be 
thoroughly coated with the cement, and form a 
solid mass which shall offer great resistance to 
compression. Other things being equal, the 
resistance will vary with the ratio of cement to 
aggregate. For suspended concrete floors and 
for thin concrete walls, a mixture of 1 to 4 is 
used, and the largest pieces of the aggregate 
must not exceed 1 in. in anv dimension. 

Complete wttagos and blocks of industrial 
dwellingB have Ixxm built entirely of concrete, 
but they are not popular, ft is difficult to pre- 
vent the walls from cracking, the rooms are said 
to be ooW and cheerless, to echo oonsiderably, 
and to have moisture deposited on their surfaces, 
due to their non-absorbent character, upon a 
suddfui rise of temperature. For heavy retain- 
ing walls [5] and foundations the mixture may 
vary from 1 to 6 up to 1 to 8, according 
to circumstances, and the laigest pieces should 
pass a 2-inoh ring gauge. It is most im- 
portant that there should be no clay or 
eartiiy matter in the mixture as this would 
cause a thin coating of mud over the sand and 
aggregate, and prevent the adhesion of the 
cement ; this is what is meant by sharp sand. 
All sand haa been formed by attrition in water, 
and the grains are therefore more or less rounded, 
but when there is an absence of loamy particles 
it feels gritty to the touch when rubb^ between 
the fingers, and this constitutes what is called 
sharpness. 

Mixing and Laying. Xbe materials 
should be mixed on a wooden platform so that 
the shovels may be used freely without risk of 
incorporating earthy particles in the mass. 
They should be thoroughly mixed dry, and 
then again be well mixed while being watered 
through a rose, the object being to moisten 
every particle without washing away any f»f 
the cement. As setting takes place veiy 
rapidly, not more than half a cubic yard should 
ba mixed at one time and it should be all de- 
posited in place within one hour of mixing. 
Any disturbance after it has begun to set 
interferes with the crystallisation and reduces 
the strength. 

It was formerly customary to specify that 
concrete should be tipped Jrom a hei^fht of 
10 feet so as to consolidate it ; but it is now 
always deposited as carefully as possible without 
a drop and then gently rammed with irem 
beaters ; the water should be only sufficient 
to float in a thin film on the surface. Under 
the footings of a wall it is generally 9 to 18 in. 
thick and projects 6 to 9 in. on each side, in 
order to spre^ the pressure over ^ sufficient 
width of soil to avoid settlement. The minimum 
amount of oonorete under footings is shown 
in 6. In the formation of walls it is neoessaiy 
to oonfine the material between boarding, this 
width of the space left fixing the thickness of the 
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wall. ''T» erauM,....., 
able ^ ^ 
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requM^ maay fSmmk of rteam-driv/n 
concrete 

12 in. thiofc as in 7, but the work may m, 
on over a large area and eyen be completed 
at one part before another is started if it has 
lo^ steps of 12 in. each. 

Ferromconcrete. Fenv-ooacrete is the 
name given to a combination of concrete and 
steel in the form of rods or bars, the concrete 
taking the compression and the steel the tension. 
This allows a great reduction to be made in the 
mass and it is now being largely applied to all 
kinds of construction, with various modifica- 
tions in detail. It is, r however, necessary to 
use the very best material and to employ only 
skilled labour, in order to realise the strength 
contemplated by the designer. Fig. 8 shows 
a ferro -concrete pile on the Hennebique system 
and a similar construction is used for ferro- 
concrete stanchions. Floors have the steel rods 
in the lower part of the thickness and carried up 
over the bearings to resist shear. 

Artificial Stone. Artificial stone is a 
kind of concrete made of Portland cement 
and granite chippings pressed in zinc-lined 
moulds to form paving fiags, lintels, silb, 
thresholds, copings, window and door dressings, 
and moulded ornaments. As soon as wie 
articles can be handled they are removed from 
the moulds, put in tanks and covered with a 
solution of silicate of soda for about fourteen 
days, during which time a chemical change 
takes place and the resulting material is very 
hard and non -absorbent, wearing evenly and 
very slowly. One variety is m^e from pul- 
verised York stone and put under groat pressure. 
Another is made from sand and chalk lime 


mixed dry and put into a perforated steel box 
with a copper lining ; a vacuum is created in 
the box, and boiling water introduced under 
pressure to slake the lime. Then supsrhoaeed 
steam is forced in to complete the slaking, and 
the wlK>le process is finished in about eight hours. 

Concrete BlocHs. Ckmcrete blocks may 
be looked upon as a rough kind of artificial 
stone. They are formed of ordinary’ concrete 
placed in wooden moulds, and are often used 
in the formation of river walls and sea walls, 
being used like large blocks of stone. For 
exposed positions the blocks are larger, and 
eitner cramped together or made with grooves, 
to be filled with pebbles and cement after 
placing them together. For breakwaters the 
concrete blocks may reach 100 tmis each, or 
more, in order that they may not be disturbed 
by the shook of the waves. When the concrete 
is^ deposited in mass under water, it is called 
bkon ; it is then usually rich in cement to allow 
of some being washed out, and is shot down a 
trunk, or lowered in skips with movable bottoms, 
to prevent as much as possible from being 
carried away. 







BrIcKwork. BrioM are small blocks of 
baked clay, of slightly differrat sizes in different 
districts. In London and the South of England 
they are generally smaller than elsewhere, but 
inofuding the mortar joints they may be con* 
sidered as 9 in. long by 41 in. wide by 3 in. 
thick. In the Midland and Northern districts 
the bricks themselves are mostly of the latter 
size, so that it is sometimes difficult to bond 
two varieties together. The approximate size 
has been settled naturally by what is con- 
venient for the bricklayer to handle, and it is 
suitable for building up structures and openings 
of useful dimensions. Bricks are connect^ 
together by mortar composed of one part of 
grey stone lime to two parts of clean sharp 
sand, or, in more important wotk, by mortar 
composed of one part of Portland cement to 
three parts, of sand. They are laid so as to 
break joint with each other and form a bond, 
or toothing, which strengthens the work and 
distributes the pressure over a wider area. 
English bond, as in 9 , is considered to be the 
strongest, and is used for warehouses and railway 
work where strength is of more importance 
than appearance; Flemish bond, as in 10, is 
generally used for house building on account of 
its better appearance. There are several other 
forms of bond less frequently used. 

Bricklaying. In the interior of all walls 
the bricks are laid as far as possible transversely, 
with joints running through from face to face, 
so that the distinctive names apply only to 
the face work. The base of a wall is always 
extended by footings, each projecting in. on 
each side, until the bottom width is double the 
thickness of the wall. The height of any wall 
should not exceed 16 times its thickness, but 
generally the thickness is determined by the 
K)cal bylaws. When openings are formed in 
walls they may be closed in at the top by 
lintels or straight beams of concrete, artificial 
stone, or natural stone, which are usually sur- 
mounted by an arch in order to relieve the lintel 
from pressure. These lintels seldom extend 
more than 4} in. in from the face of the wall and 
gauged arches [11] are frequently substituted for 
them. The remaining thickness of the wall over 
the opening is eenerally carried by a relieving 
arch built in hedf- brick rings with a core below 
supported on rolled joists or fir lintels [12]. In 
the latter case the arch extends to each extremity 
of the timber, so that if it should decay or tie 
burnt out only the core will fall and the brick- 
work above will remain, supported by the arch. 
When the opening may be curved on top a brick 
arch without a lintel is employed, the bricks 
being either gauged or laid in plain half- brick 
rings [18]. When the available space above the 
opening is insufficient for an arch, rolled steel 
joista are used, and thev have the advantage of 
providing a suitable bearing for cross-joists, 
•hould such be required. 

In gauged work the bricks are cut or rubbed 
so as to make true surfaces which only require 
thin joints, say | in. thick, while in ordinmy 
briokworic the roughness and irregularity of the 
bricks necessitates a joint at least | in. thidk. 
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Brick retaining walls are generally built with a 
battering face, as in 4 , to throw the centre of 
gravity well back, and ^e courses are Uien bhilt 
with a slope backwards perpendicular to the 
direction of the face. ^The back of the wall may 
be straight and vertic^, or may be stepped to 
increase the thickness towards the A 

thickness at base of one-fourth the height would 
be a light wall, and a thickness of one-third the 
height would be a fairly heavy wall. They are 
designed according to the pressure likely to be 
exerted against them by the supported earth, 
and this again is dependent upon the natural 
slope of the material, or the slope at which it 
would permanently remain if exposed to the 
weather and unsupported. Provision has to 
be made by weep holes for the escape of any 
water, which might otherwise tend to accumulate 
at the back and overturn the wall. Piers need 
to be very carefully bonded, as they very often 
have to carry heavy loads. Every joint in a 
course should be covered by a brick in the 
courses above and below, or, as it is technically 
described, no straight joints should occur in the 
interior of the work. 

Manonry. Masonry was formerly divided 
into brick masonry and stone masonry, the term 
masonry referring to the building together of 
separate blocks. A change has been taking 
place during the last 60 years, and the term 
masonry now relates only to stone work. Rough 
stone, as picked up from the surface of the fields 
in stone districts, may be used without any 
preparation to form dry stone division walls to 
the fields, or they may be laid in mortar to form 
rubble work. The refuse stone from a quarry 
may be used in a similar way, forming fiat-b^ded 
rubble when the stone is laminated, or various 
forms of polygonal work, random work, or 
sneoked work, when hammer dressed. Rough 
rubble work is strengthened by being brought up 
to level courses every two or tnree feet in height, 
so that a fresh start may be made at each new 
level. When each stone is roughly squared, the 
stability is greatly increased, while in random 
rubble the strength is practically limited to riiat 
of the mortar in which it is bedded. When the 
squared stone is of large size it is called block^n- 
course toork, and this is the best kind of rubble. 
Some varieties of stone, sucdi as Kentish rag, 
are so tough that they can be worked only by 
a hammer and used as rubble, but sandstone and 
those limestones that come under the designa- 
tion of freestone can be truly dressed wi9i a 
chisel to form large blocks of ashlar, and these, 
when built up, form the strongest kind of work, 
suitable for public buildings. When a stone is 
close-grained and can be worked with sharp 
arrises it is suitable for moulded work, and can 
then be used for window diessings and archi- 
tectural work in general. There are many dif- 
ferent ways of finishing the face and the edges, 
according to the nature of the stone and the 
taste of we architect. 

In the oonsl^otion of li^thouses not onW the 
hardest stone, smdi as granite, has to be used, but 
the blocks have to be veiy truly dressed and 
dovetailed together, with cramps between the 









oevrses. Maaonry dama for water rea^roits 
alao require recy careful dreaaing aad bedding 
to ensure the greatest strength with the smallest 
quantity of material. With laminated stone it is 
necessary to place the blocks so that the natural 
bed.ia perpendicular to the pressure. The lamina- 
tions will therefore be horizontal in a wall, and 
radial in an arch ; but in an undercut cornice the 
laminations are vertical, running from front to 
back, to avoid the risk of pieces dropping off. 
Hard stone resists the action of the weather very 
considerably, but under the action of fire is far 
less resisting than common brickwork. Owing 
to the cost of stone in some districts walls are 
built of brickwork and only faced with stone, as 
shown in 14. In these cases it is necessary to 
bond the two materials together by limiting the 
height of the stone to so many courses of brick- 
work, and building some stones further in ; or 
cramps may be us^ to connect the* two-at^hort 
intervals. In a somewhat similar manner walls 
are sometimes built of concrete and faced with 
brickwork, as in 16. Generally, the chief 
material used in building dep^ds upon what is 
most readily obtained in the district. 

Timber. Timber in constructive work is 
mostly used for temporary purposes, as for 
centering to support arches during construction 
[16], scaffolding [17], stagings, shoring, and 
strutting [18], supporting the sides of excava- 
tions [19], gantries [20], derrick stages [21], etc. 
In permanent work it is used for gantries in 
stone-yards, jetties [22], roofs [28], and floors 
[2^. Where timber is plentiful and other 
material is scarce, it is used for bridges [26], and 
for complete buildings. There are a few impor- 
tant principles to bear in mind, as laid down by 
Professor Bankine — viz . : 

1. To cut the joints and arrange the fastenings 
so as to weaken the pieces of timber that they 
opnnect as little as possible. 

2. To place each abutting surface in a joint 
re nearly as possible perpendicular to the pressure 
‘virhich it has to transmit. 

. 3. To proportion the area of each surface to 
the pressure which it has to bear, so that the 
timl^r may be safe against injury under the 
heaviest load which occurs in practice, and to 
form and fit every pair of such surfaces accu- 
rately in order to distribute the stress uniformly. 

4. To proportioB the fastening so that they 
may be <5 equal strength with t£e pieces which 
tbfiy connect. 

6. To place the fastenings in each piece of 
timber so that there shall be sufficient resistance 
to the giving way of the joint by the fastenings 
shearing, or crushing their way through the 
timb^. 

To these may be added a sixth principle not 
less important than the foregoing — viz, : To 
select the simplest forms of joints, and to obtain 
the smallest possible number of abutments. 

In framing structures, the ohief point is to 
see that they are properly braced by diagonal 
struts to prevent raokhig movements caus^ by 
wind or other side pressures. 

Timber piling is much used in riverside work. 
Whole timoers from 10 to 14 in. square are pre- 
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ferred for this work, pointed and ^od with iron, 
and hooped at the top to prevent splitting while 
being driven. A ram, weighing from 5 to 30 
owl., is raised by a pile engine [26] and released 
by the use of a trip lever, or monke]^ [27], when 
it reaches the top, so as to give a heavy blow on 
the head of the pile, and Siis is repeated until 
the set or distance (friven by the last blow does 
not exceed J in. Piles, properly driven, will 
usually support a load of 1 ton per inch width 
of side in firm ground, or 5 tons per square foot 
of oroas section in soft ground. 

Iron. Iron is the generic term for three 
classes of material — wrought iron, mild steel, 
and oast iron. These differ in composition, 
chiefly in the proportion of carbon combined 
with the iron, but this trifling difference has a 
remarkable influence upon the properties of each. 
Wrought iron with J per cent, of carbon is tough, 
fibrous,- ductile,^ and. can be forged and welded. 
Mild steel, with | to 1 per cent, of carbon, is 
tougher, more homogeneous in structure, some- 
what ductile, and, with care, can be both forged 
and welded. Cast iron, with 2 to 6 per cent, of 
carbon, is crystalline, brittle, cannot be forged 
or welded, but may be cast in various shapes by 
melting and pouring into a mould. As may be 
gathered from the properties, wrought iron is 
used where the piece is required to resist tension, 
or cross strain, or where it has to be rolled or 
forged into shape, or welded to connect it with 
other pieces. Mild steel is used for similar 
purposes where greater strength is required. It 
is mostly found in the form of rolled joists, 
angles, bars, and plates, and used for the con- 
struction ot girders, roofs, bridges, cranes, 
boilers, etc. Cast iron is very strong in com- 
pression, but weak in tension, and is therefore 
used where its particular properties render it 
specially useful, as to casting^, brackets, 
machinery framings, columns, and stanchions. 
The latter, being subject to direct loading, are in 
simple compression, but when the ratio of length 
to least diameter exceeds about 26, cast iron 
shows a tendency to bend, and then wrought 
iron or mild steel are more appropriate. 

Bolts and Rivets. These have been 
called the stitches by which ironwork is con- 
nected. The bolts being cEisily removable, may be 
likened to chain-stitch ; and rivets, having to be 
cut out individually to remove them, are typical 
of the lock-stitch. Bolts are used to connecting 
cast-iron work, because the material will not 
stand the blows necessary in riveting. They are 
also used in wrought iron and steel work where 
connections have to be made on the ground 
during erection, to avoid the fire risks from 
having a rivet toige on an unfinished building, 
and to avoid the expense ot engaging skill^ 
men to put in a tew field-rivets, as they are 
called. Rivets are specially used in the per- 
manent connection ot wrought iron and steel 
work ; they bind the paits closely leather, 
rendering the construction s^ andf Hgid, and 
permitting a proper 4istributm of stress through 
tho various members. Fig. 28 (ffiows the pl^ 
of base ot a riveted steel staunohion. 

Continued 
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LIME AND LIME BURNING BUILDING 

Limestone and Chalk. Chemical Composition. Types of Kilns. Lime 10 - 

Burning:. Quicklime and Slaked Lime. Hydraulic Limes. Mortar continued f.t>in 


By CLAYTON BEADLE and HENRY P. STEVENS 


ChalK and Limestone. The raw 

material for the preparation of lime consists 
of a chemical substance known as calcium 
carbonate, which is found occurring naturally 
in large deposits as chalk, limestone, and in 
other forms. 

To convert these substances into lime, they 
require to be strongly ignited, so that the 
carbon dioxide they contain may be driven off. 

CaCO:, CaO ^ CO^ 

Calcium carbonate Quicklime Carbon dioxide 

The process of preparing lime, generally 
known as “ lime burning,” is an extremely old 
one. Lime is the main constituent of mortar, 
and, as such, was useri in building construction 
a thousand years ago or more. 

To prepare pure lime some form of calcium 
carbop^te is required, free from clay and earthy 
matters, apd for laboratory use marble is a 
suitable substance ; but for building purposes, 
where large quantities are required, marble is 
too compact a material and too costly, 

Neither chalk nor limestone consists of pure 
calcium carbonate, but the natural rocks always 
contain small quantities of “ silica ” or “ sili- 
cates,” in the form of flint and other substances. 
Some account of silica and silicates will be 
found in the Chemistry course. We may, 
however, state here that such substances as sand, 
flint, and rock crystal consist of silica, while 
clay is mostly made up of silicates. 

ChalR Deposits. In the South of 
England there are two well-known chalk 
deposits. The upper, or white chalk is a very 
pure material, containing at most two or 
three per cent, of silicate of alumina and 
iron, while the grey, or lower chalk, which 
underlies the white chalk in the Thames estuary 
and the Medway district, is not so pure, and 
contains on an average 90 per cent, of carbonate 
of lime and 10 per cent, to 16 per cent, of clay 
substance. These clay matters are, of course, 
naturally incorporated with the chalk and 
cannot be removed. If less than 5 or 6 per 
cent, be present, a so-called “fat lime” is 
obtained, while with larger percentages of 
irifioates the products are known as “ inter- 
mediate,” or “ hydraulic ” limes. The white 
chalk as quarried contains 15 to 20 per cent, of 
water. "Hie other raw material, limestone, 
occurs in large quantities in this country. 
Stones which may be excellent for building 
purposes are not necessarily suitable for lime 
ng. In the neighbourhood of Buxton a 
pure variety of limestone is worked, 
^ an excellent quality of “ fat lime.” 


Limestone Deposits. Great masses of 
mountain limestone are widely distributed over 
the Derbyshire district, and disruptive agencies 
which have been at work in producing some 
of the peculiar characteristics of the country 
have also placed at our > service various beds or 
layers of rock. 

Tlie layers of ancient deposits have been 
broken up and left near the surface, so that here 
and there beds of limestone of various ages are 
found, which have been thrown up from below. 
Thus, in the high Peak district of Derbyshire 
there is a great mass of limestone at Harper 
Hill, near Buxton, which is held to be formed bf 
beds, termed “the lower beds/’ from strata 
hundreds of feet below the beds of limestone 
surrounding it. 

Lime burning is an old industry in this 
neighbourhood, and the experience gained in 
burning the different types of limestone led to 
a classification and selection of the most suitable 
for the purposes required. 

The purest limestones, such as those from 
Harper Hill Quarries, are well adapted for 
chemical work, such as the manufacUre of 
caustic soda, bleaching powder, etc. They ore 
also suitable for fine plaster work, and as a 
chemical manure for putting on the land. 

Limestone Analysis. Wo give below 
some analyses of these limes, made during the 
past year (1906), from the limestones of the 
Harper Hill Quarries, Buxton. 

In the first place we may compare the analysis 
of the limestone with that of the lime obtained 


from it. 

Limestone 

Silica 0-20 

Oxides of Iron and Alumina . 0*30 

Carbonate of Lime . . . . 99 *30 

Magnesia 0*20 

100*00 

Lime 

Moisture and Organic Matter 1 * 10 

Silica -25 

Oxides of Iron and Alumina. . *20 

Lime (CaO) 98*20 

Magnesia '26 


100*00 

It must not, however, be suppoi^ that all 
limestones from this district contain the very 
hi^ percentage of lime shown in these analyses. 

To familianse the reader with what he may 
expect to find In a good lime, we give two more 
analyses of samples prepared from Buxton 
limestones. 
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« A »» “B ” 


Silica 2*14 7*00 

Oxides of Iron and Alumina 0*54 S'60 

S&rbon&tmkAe 0*35 0*13 

Moisture and Oi y ie Matter 0*75 2*27 

lime (OaO) Pore Lime 05*00 86*20 

Ma^esia 0*62 0*80 


100*00 100*00 

It will be seen that all these samples are almost 
free from magnesia. 'Hiis is a very imoortant 
consideration when the lime is need for chemical 
purposes or for artificial manure. 

Sample A contains 95*6 as against 98*2 
per cent of caustic lim4 in the first analysis 
quoted, while sample “ B ” contains only 
862 per cent. 

This latter sample belongs to the class of 
“ intermediate ” limes. If we add toge^r the 
amounts of sirica and oxides of iron ani^himina 
contained in it, we shall find that they amount 
to o»er H) j>er cent, of the whole. 

Later on we shall- go into the question of 
slaking of lime, but we may mention here that 
it is a peculiar characteristic of the puveat Hmes 
of the Buxton district that when slaked they 
fall to a fiufiy, impalpable, powder udiich readily 
passes through a fine sieve, leaving practically 
no residue, whereas it is said that equally pure 
limes from other daatriets, akhoii|^ they faU to 
powder, leave an appreciable residue on a 
similar sieve. 

tThn latter class of material is more suit- 
able for other purposes, such as the purifiers of 
gas works, where the gas has to pass between 
tiny particles of lime. 

Effect of Silica on Lime. The 

differences in behaviour between these two 
classes of limes may perhaps be looked for in the 
manner in which the silica is contained or 
combined in the mass of carbonate of lime. 
In the Buxton lime it is probably in the form 
of very minute crystals aiffused through, but 
not combined with, the lime. In other oases 
it is probable that a proportion of the silica 
is in combination as silicate. There is no 
doubt that the presence of any quantity of 
silicates,- as in the form of clay, retards the 
slaking and renders it incomplete. 

The limestones of the Lias formations [see 
Gboloqy], such as are found in the Lyme R^s 
deposits, contain 10 to 30 per cent, of clay and 
a large proportion of iron. This has a curious 
effect upon the stone, which is blue inside and 
chongm to a yellow-brown colour when exposed 
to the air. It yields a good ** hydraulic ** lime. 

“ Carboniferous limestones are also worked, 
and sometimes yield a hi^ grade of lime. . Mmiy 
limestones, oft^ termed magnesian limestones, 
contain a vaiying proport icm of carbonate of 
magnesia in conjunction with carlxmate of 
lime. Such rocks are unsuitable for our pur- 
pose if the amount of magnesia exoeeds 10 par 
cent. OooeraUy, magnesian limestones 
“mot” limes. 

Limn The burning of <^alk or 

limestone is carried on in kilns of simjde con- 
struction. The kiln may be worked intermit- 
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tently or oontinuously. to the first case, the 
kiln is onp-shsip^, is filled with bltMks' ol 
chalk or lunesto^in such a manner that a spaw 
is left undemeathfor the fire [1]. For this pmpose 
some large blocks are chosen and built into the 
form of an arch, which supports the rest of toe 
stone above. In some cases such a kiln is 
veiT simply constructed from hiocks of limestone, 
built ' in the 
form of a 
conical kiln 
open at the 
top, and coated 
inside-cmd out- 
side with clay. 

Where, how- 
ever, a more 
perman^tkiln 
is required a 
brick structure 
may be em- 
ployed, the 
inner lining 
being - compeiiM 
of the burnt fuel 



PRIMITIVK FLARE KILN 


of fire-bricks [1]. The ash 
in this type of kiln does not 
come inoentasft wkhthe lime, which is, of course, 
an advantage. Ihis form of kiln is known 
in this oounfiy as a “flare” kiln; the operation 
is carried on with a fire producing a long fiame. 

With more modem kilns built on toese lines 
a properly constructed hearth, formed of arches 
of fire-brick, replaces the arch made from the 
limestone itself. Otherwise, the process is 
ve^ similar. 

'ine continuous method of burning is carried 
on in kilns, sometimes called “ running ” kilns. 
They are built higher than those already de- 
scribed, and the limestone and fuel are tipped 
into the kiln in alternate layers. As fast as the 
burning lime is removed from the bottom of 
the kiln, sufficient quantities of fresh limestone 
and fuel are fed into the top. These kilns, of 
course, have one draw- 
back — the ashes of toe 
fuel mix with the lime ; 
but toe process, being 
continuous, is more 
economical, and there 
is not the loss of heat 
unavoidably incurred 
when working flare kilns, 
where it is necessary to 
allow the kiln to cool 
down after each operation. 

Fuel for Lime 
Burning. Where wood 
is cheap, it forms a suit- 
able fuel for some lime 
kilns, especially for toe 
flare kilns. For the nm- 
ninc kilns, coke is 
preferable to ooal, as it 
usually gives a much 
pumr and whiter lime. 
The quantity of fuel required varies very much 
with toe efrotenoy of the kiln. A aimjj^ Icmn of 
kiln will requhe one part of fuel to about every 
four parts of Hmeetone. 
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With a more effieient type of kiln, the average 
quantity of coal burnt will vary from two to 
four pa^ for every 10 parts of burnt lime. 
Such a kiln may be built, say, 30 ft. high, in 
the form of a hollow spindle narrowing down at 
the top and bottom [2]. At the top there is a 
movable cover (a) for keeping off the draught 
during the burning, which can be opened for 
charging. The holes at the sides near the top 
draw off the fumes to a short chimney (b). Inside 
at the bottom is a conical shaped grate (o) of 
iron bars, the quicklime being drawn away 
from around this. 

Modern Lime Kilns. A new and very 
efficient form of running kiln, constructed 
by Smidth, of Copenhagen, is shown in 8. It is 
devised with special attention to economy of 
fuel, and is best adapted 
to work a hard stone. 

The kiln is constructed 
in two halves, of which 
the upper (b) serves as a 
reservoir for limestone, 
which is introduced 
through an “ eyehole ” 
at A. Unlike the run- 
ning kilns already de- 
scribed, only a small 
portion of the fuel is 
mixed with the lime- 
stone when put into the 
kiln, the greater part 
being introduced by the 
shafts (oc). The waste 
heat given off by the 
combustion going on 
in the lower chamber 
(d) is mostly retained 
by the limestone in b. 

At tbe bottom of the 
chamber (d), which is 8. latest form of 
lined with fire-bricks, continuous lime kiln 
is a grate (e) with 

movable door, by means of which the burnt 
lime is withdrawn. The coal consumption of 
such a kiln should not exceed 20 per cent, of the 
burnt lime. We may mention that this is not 
the most suitable form of kiln for working a 
soft stone, as the movement of the stones down 
the kiln -breaks and crushes them, and a consider- 
able proportion of the output is reduced to a 
powder. Lime in good, large blocks finds a 
better market than broken stuff. 

A very good form of kiln to use where lumps 
are required is the Hoffmann kiln. We have 
explained the construction and working of this 
kiln in the Bbickmaking course, and have 
drawn attention to the very efficient manner 
in which the fuel is economised. We refer 
to it again in our consideration of cement, 
as it is used for burning cement as well as for 
bricks and lime. 

At the Buxton Lime Works the chambers are 
filled with blocks of limestone, piled up in the 
same manner as if charged with green bricks, 
care being taken to leave the necessary -channels 
for the air draft through the chambers, and for 
the fuel ^dropped in from the top. 
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The lumps of stone are carefully chosen, and 
vary in size — they may be as small as a man's 
fist, or as large as his head. The drawback is 
the cost of labour, which must be considerable, 
as the chambei*B are “ stacked ” and “ drawn ” 
by hand. Still, there is a minimum of dust and 
small, broken pieces. Lime burnt in Hoffmann 
kilns, although effecting a considerable saving 
in fuel over the old flare kilns, has the dis- 
advantage that the ash of the fuel mixes with 
the lime. The advantages and disadvantages 
of the three types of kiln may be summed up 
somewhat as follows. 

Flare Kiln. Lime is in large lumps, free 
from ash, but the process wastes fuel. 

Running Kiln. Lime is much broken into 
small pieces, and mixed with ash, but the 
process economises fuel. 

Hoffmann Kiln. Lime is in large lumps, 
and mixed with ash. The process economises 
fuel, but the cost of labour is heavy. 

There are also continuous kilns, in which the 
fuel does not come into contact with the lime. 

Some of the more modern kilns have been 
devised to burn the lime by means of producer 
gas. 

Quicklime and Slaked Lime. As 

we have already explained, the lime varies in 
quality according to the chalk or limestone 
from which it was derived. The fat limes ob- 
tained from pure materials are remarkable on 
account of the vigorous manner in which they 
combine with water. To this process the term 
“ slaking ” is given. It consists, chemically 
speaking, in conversion of the quicklime (oxide 
of calcium) into hydroxide (also known as 
hydrate) by combination with water : 

CaO ^ JL,^ ^ . 

Quicklime Water Slaked lime 

There is one point we should notice which is 
not always sufficiently appreciated — namely, 
that in slaked lime the water is in chemical 
combination with the lime. If we slake quick- 
lime with exactly the right amount of water, 
the resulting slaked lime is a dry powder. 

As will be seen, 100 parts of lime will 
require 32 parts of water, which is, roughly, 
a third by weight. When such water is add^ 
to a pure or fat lime, the lime bt^gins to swell and 
get hot, giving off steam ; the lumps crack, 
and, eventually, the hard block falls to a fine 
powder. 

This slaking of lime is accompanied by an 
increase in volume. Thus, 100 parts of fat 
lime will give 250 to 300 parts of slaked 
lime. Poor limes and hydraulic limes do not 
slake readily, and a process which occupies a 
few hours with fat lime may take days in the 
case of hydraulic limes. The larger the pro- 
portion of clay and silicious matter contained in 
the chalk or limestone, the' more hydraulic the 
lime, and the less it resembles fat lime. 

Magnesium limestones give poor limes. If 
the percentage of magnesium exceed 10, the 
lime slakes slowly, and anything like 20 to 30 per 
cent, of magnesia makes the lime practically 
useless. 
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On the other himd, iUe stated that some goc^ 
hydraolio finie has been prepared from magnesia 
limestcmes* Ihe Ihne, however, requires to be 
rather more stroni^j burnt. 

A fat lime is easier to produce than a hydraulic 
lime. Thelai^ the percentage of clay and sili- 
pious material, the lower the melting point. Hence, 
in burning hydraulic limes, if the temperature 
be not oarefuny regulated, it may rise sufficiently 
to fuse partialiy or to over- bum the lime,* or, in 
other words, “ clinker it.” The hydraulic limes 
do not swell to the extent that the fat limes do 
when slaked. A hundred parts of hydraulic 
lime will yield somewhere about 150 parts of 
slaked lime. 

The terms “ hydraulic ” lime and “ inter- 
mediate ” lime appear to cover much the same 
ground. By hydraulic lime, we understand a 
lime which is capable of setting under water. 
An intermediate lime is one made by burning 
a limestone or chalk containing some clayey 
matter, owing to which the resultant lime holds 
a position somewhere betwwn a fat lime and a 
true cement. [See Cement.] 

Hydraulic Limes. As we have already 
explained, limes obtaimxl from chalk or lime- 
stone, with a suitable percentage of clay natu- 
rally bound up in them, yield a lime which does 
not slake very readily. Where lime^stone con- 
tains 8 to 12 pt^r cent, of clayey matter, the lime 
produced is termed “moderately hydraulic,” 
and instead of falling quickly into powder and 
crumbling under the action of water, it gives out 
little heat, and apf>ears hardly to be affected. 
As a matter of fact, absorption of water does 
take ))lace, and a substance is produced which 
gradually sets hard in the course of 5 to 20 days. 
If placed under wat<T, it remains pasty. 

Limes prepared from limestone containing 15 
to 18 per cent, of clay may lx? termed hydraulic, 
as’ in the course of a few days they set to a hard 
mass, even under wattT. The mass is not so 
hard as that productxl by Portland cement, which 
we shall discuss later, but has about the con- 
sistency of a soft stone. If the limestone con- 
tain as much as 20 or .30 per cent, of clay, the 
resulting lime is very hydraulic. It does not 
appear to slake at all when moistened, and the 
lumps do not swell. A paste gradually hardens 
under water in 2 or 3 days, and on further stand- 
ing it gets much harder still, yielding a stone- 
like mass, which will stand the action of running 
water. These hydraulic limes approach cement 
in quality and behaviour, as the proportion of 
clay in the ori^al limestone is increased. 

Need for Care in Burning. Speaking 
generally, the clayey matter in the burnt 
lime is not in that intimate state of com- 
bination with the lime (calcium oxide), which 
we find in Portland cement. Nor should the 
temperature of the kiln be such as to fuse (or 
clinker) the mass. If this should take place, 
calcium oxide no longer combines readily with 
water, and the mass refuses to slake as a lime 
should This is why the burning of hydraulic limes 
requires so much more care than the burning of 
fat limes. The danger of olinkering will also be 
increased if the lime contain much iron salts, or 
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alkalies, owipg to the formatioti of easily fusible 
silicates. As a rule, olinkered is fused only 
on the outside, and contains a core of quicklime. 
Even when every care is taken in slaking the 
lime, such particles of quicklime will remain, 
and, protected by an outer layer of silicate, will 
not slake with water, or else slake very gradually, 
perhaps after the lime has been converted into 
mortar. When this takes place, the lime swells 
and, expanding, cracks, bringing about the 
destruction of the mass. 

When a mortar made from a fat lime has set, 
the subsequent process of hardening, or “indura- 
tion,” appears to be merely due to the com- 
bination of the lime with the carbonic acid of the 
air, with the formation of calcium carbonate. 

With hydraulic limes, the induration is caused 
by a combination of the silica and alumina of 
the clayey matters in the presence of water with 
the lime (calcium hydroxide). These hydrated 
silicates and aluminates of calcium are formed 
subsequent to the setting of the mortar. 

The peculiar effect pr^uced by the presence 
of clay in the limestone are gone into more 
fully under the heading of Cement. 

SlaKing Lime. Mortars, for the purpose 
of building construction, consist of a paste of 
lime, mix^ with sand. The first stage in the 
preparation of mortar is the slaking of the lime. 
This is conveniently effected by placing the 
lumps of lime in an iron basket, and immersing 
for a short time in water. The lime is removed 
before it has swollen much, and put on one side, 
when the slaking will complete itself, and the 
whole will fall to powder. Instead of doing this, 
the lime may be sprinkled with water, or else 
exposed to a moist atmosphere. Care has to be 
taken to use the right sort of water for slaking ; 
such water should be free from saline matter, 
especially sulphate of calcium. River- water is, 
in most cases, suitable, but sea- water is said to 
retard the rate of setting. On the other hand, 
Smeaton used sea- water in slaking the lime 
used for the old Eddystone Lighthouse, with 
excellent results. However, on dry land, any 
quantity of salt in the water would probably 
cause “ effloreacenoe ” in the mortar if used 
above ground — that is t-o say, the saline matter 
would gradually crystallise out on the surface. 

MoHar. Mortars were prepared by the 
ancients, and many of the anal 3 r 8 es made show 
that such mortars did not differ essentially 
from those we make nowadays. The Pysamid 
of Cheops, in Egypt, is built of stone cemented 
with a sort of mortar, probably composed to a 
large extent of plaster of Paris. This pyramid 
was built somewhere about six thousand years 
ago. There are plenty of examples of the 
ancient use of mortar, as in the buildings erected 
by the ancient Phoenicians, Greeks, and Romans. 

When making mortar care must be taken to 
see that the lime is thoroughly well slaked. This 
presents no difficulties in the case of fat limes ; 
but hydraulic limes take several days to slake, 
and to promote the action, the lime after 
moistening should be covered over with sand 
to keep the heat in, and the slaked lime should 
be put through a sieve to remove «iy unslaked 



lumps. Many hydraulic limes should be finely 
powdered before any attempt is made to slake 
them. If any unslaked portion should remain 
in the mortar after it is used, gradual slaking 
takes place with swelling of the lime and dis- 
ruption of the mortar. 

Mt>Har Sand, The sand used should be 
what is known as sharp sand, the particles of 
which are angular and not rounded or water- 
worn. Ground brick, or other similar material, 
can be used. The best proportion of sand to use 
depends upon the tjrpe of lime. Hydraulic 
limes usually require less than fat limes. 

Sand is used for various reasons. Firstly, it 
cheapens the mortar, and secondly, it separates 
the particles of lime so that the carbon dioxide 
gas of the atmosphere can get at them. We 
must carefully distinguish between the setting 
and hardening, or induration. The setting is 
due to the absorption of the excess of water ; 
the hardening of mortar depends upon the 
conversion of the lime into carbonate of calcium : 

Cap ^ CO. __ CaCO.^ 

Lime (Jarbon dioxide Calcium carbonate 

This latt(T forms a hard crystalline rock 
adhering to the particles of sand or any other 
I ough surface. The crystals which go to form the 
mass may possibly adhere more strongly to the 
particles of sand than they do to each other, 
and hence mortar containing sand has a greater 
resistance to crushing than mortar prepared 
from lime alone. 

Carbonic acid penetrates very slowly into 
a mass of mortar, and after twelve months 
only the outer one-eighth or quarter inch has 
been carbonated. 

On the other hand, it has been found by 
analysis of very ancient mortars that there is 
sufficient carbonic acid in them to combine with 
the whole of the lime, so that presumably, given 
sufficient time, carbonic acid will penetrate 
right through a mass of mortar, converting the 
whole of the lime into carbonate. 

Sand is also of use in that it prevents excessive 
shrinking of the mortar in drying. 

Where hydraulic or interm^iate limes are 
used the hardening of the mortar is due very 
largely to the formation of hydrated silicates 
already spoken of. In this form the silica is 
very slightly soluble, and the mortar prepared 
from such limes is exceedingly durable. 

Use of Chemical Analysis. The 
chemical analysis of limes and limestones often 
results in yielding valuable information as to 
their suitability for the purpose for which they 
are required. We may, for instance, wish to 
know whether certain limestone is suitable for 
lime burning, and what sort of lime it will yield. 
These queries can, to a large extent, be answered 
if we first determine the proportion of lime 
(calcium oxide), magnesia, and silica contained in 
it. If the magnesia be high, the lime will be 
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useless for most purposes ; if there be very 
little silica, we may expect to produce a fat lime, 
and BO on. Then again, a sample of quicklime 
should be tested for the proportion of free 
oxide of calcium and carbon dioxide. Too 
large a proportion of carbon dioxide will mean 
that the limestone has not been properly burnt, 
or that the quicklime has been kept too long 
and has consequently deteriorated owing to the 
absorption of carbon dioxide from the atmo- 
sphere. Slaked lime sometimes requires to Ik* 
tested in a similar manner. It is also important 
to determine the proportion of water it contains, 
over and above that combined as calcium 
hydroxide, as, of course, we do not wish to pay 
for water when we are buying lime. The same 
methods of analysis are mostly applicable 
both to limestone and lime. 

In the Laboratory. In the first place 
we can make a chemical analysis, and we shall 
give a brief outline of the method on the ordinary 
lines. The substance under examination shoulll 
be dissolved in hydrm^hloric acid and the solution 
concentrated to dryness, to render the silica 
insoluble. On taking up with water and 
filtering, a residue will be left on the filter 
paper consisting of silica and traces of un- 
decomposed silicates. For most purposes n 
further separation of this residue is unnecessary, 
and we may reckon the w^hole as silicious matter. 
The filtered solution is precipitated with am- 
monium chloride and ammonia solution. The 
iron and alumina are thrown down together and 
may be filtered off, ignited, and weighed if 
necessary. To the solution containing the lime 
and magnesia an excess of ammonia is added 
when ammonium oxalate precipitates the lime 
as calcium oxalate. 

Filtered off and strongly igniU^d, it is converted 
into calcium oxide and may be weighed as such. 
In the filtrate from the calcium oxalate pre- 
cipitate, the magnesia is precipitated as phos- 
phate by means of sodium phosphate in a 
solution strongly alkaline with ammonia. 

Lime in Quicklime. As we have said, 
quicklime is not necessarily pure oxide of 
calcium, and if we want to know how much 
of this latter is contained in a sample, we take 
100 grammes and slake itcompletely, make up the 
milk of lime to half a litre, and after thoroughly 
agitating it, take an aliquot })ortion, say, 25 
cubic centimetres, which will represent 1 gramme 
of quicklime. We then titrate this with a 
normal solution of oxalic acid with phenol 
phthalein as an indicator, shaking well after 
each addition of acid. [See Analytical 
Chemistry.] The colour is discharged as soon 
as all the free lime has been saturated, but 
before any carbonate of calcium which may 
happen to be present is attacked. Each cubic 
centimetre of normal oxalic acid solution is 
equivalent to *028 grammes of lime. 


Lime concluded 
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DRBss SUITS FOR LITTLE BOYS 

Sleeves and their Linings. Sewing on Buttons. Making t^ 
* Vest. Making and Patting in Pockets. Making up Knickers 


By Mrs. W. H. SMITH and AZfiLINE LEWIS 


DASTE the foreariuM of the sleeves together 
and stitch ; take out the bastings, open and 
press the seams cn the narrow side of sleeve- 

board ; mark 
up from the 
thread marks 
on wrong side 
the depth re- 
quired for the 
stitching — in 
this case 3 in. 
— draw- a line 
with chalk, 
and tack 
through with 
white cotton. 
Take a strip 

88. POCKET READY FOR STITCHING of cloth, 2 in. 

wide and 12 

in. in length, crease through the centre [82, 
p, 1293], place this on the tacking line and baste 
round to hold in position ; turn over and machine 
} in. on either side of the tacking line. Tack the 
back seam, keeping the thread marks atwristand 
mochinc-stitohing of cuff part evenly together ; 
stitch, take out the tackings, open and press, as 
described for the fore seam ; remove the basting 
from the cuffs, turn up the bottoms to the thread 
marks, baste smoothly round the hand and 
serge the two raw edges together. Place the 
narrow end of sleeve-board inside the sleeve, and 
press both sides of the cuff over a damp cloth ; 
remove the cloth and re press. 

Linings for Sleeves. Tack and stitch 
the linings together, place the lining under 
art to under part of sleeve, keeping the top 
in. above the top of sleeve, and the seams 
together evenly ; 3 in. down from the top tack 
the lining to the turning of cloth, back and front. 
Put the band through the lining, take hold of the 
bottom of sleeve, turn the lining over, and draw 
the sleeve through. Turn the lining up } in., 
keep the seams together and fell neatly over the 
hand } in. from the raw edge. Turn the lining 
back from the top, to leave room to insert the 
sleeve, but before doing this pare all canvas 
and lining from the armhole. 

Place the front seam of the left sleeve to the 
insetmark. and the back seam to book inset, as at 
J* [15, p. 1 1 121 ; baste in the sleeve from the inside, 
keeping it rather tight at the back and easy under 
the arm ; continue round the sleeve-head, and 
either stitch or sew in with strong thread. 
Press open on the sleeve-board, just damping 
seam b^ore doing so. Do not stretch the back 
of armhole, but slightly stretch the front near 
the shoulder. Serge the lining of coat to arm- 
holes and fell the sleeve lining over. Now fell 
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the neck, shoulders, seams, bottom, and facing 
to the corresponding portions. 

Before putting on the buttons, should there 
be any shine caused by the pressing, take a clean 
cloth, wrung as dry as possible, and a warm 
iron, and go carefully over the right side of coat. 

The Buttons. Have a No. 4 needle and 
double thread, twisted and waxed, place the 
needle through the cloth and canvas, on the right 
side. Take the button, pass the needle up through 
one hole, and down through the opposite one, 
then through the cloth and canvas, but before 
pulling the thread tight, place a bodkin through 
the loop — this is to raise the button for the 
stem, or stand — pass the needle and thread 
through the holes three or four times ; remove 
the b^kin, pull the button up sharply, twist 
the thread round the stem tightly -three or four 
times, and finish with two or three backward 
and forward stitches through cloth and canvas. 

Making the Vest. After the vest is cut 
out and thread-marked, as already described 
in the making of the coat, the pockets are the 
first thing to be taken in hand. The welt must 
be cut a seam wider than the opening on each 
side, and twice the depth it is required to be, 
in this case IJ in. wide and 3| in. long. 

The pocket must be cut 1 in. wider than the 
opening, to allow J in. on either side, and just 
long enough to escape the bottom of vest by i in. 

Place the welt on the right side of vest, with 
one edge quite close to the thread marks of 
pocket-opening, and bast-e to this, as from A to 
B in diagram 88. Take front part of pocket, 
place to the lower edge of pocket (leaving i in. 
on each side), and on this place a linen stay 
i in. wide, and tack together, with the front part 
of pocket to the lower edge of welt, os from C to D. 

Now take back part of pocket, place one edge 
direc 1 1 y 
above the 
thread 
mark of 
opening, 
and the 
other edge 
tow ard 8 
the neck of 
. the vest, as 
from E to 
F. Ma- 
chine- 
Btitoh ^ in. 
above and 
below 
pocket- 

opening (not the ends); then machine front portion 
of pocket to lower edge of welt, as from C toD [58], 
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Cut the opening to within J in. of the end, 
nick the comers as in flap-pockets, remove the 
tackings, open the bottom seam — where the 
welt has been stitched on — and press. Chalk- 
mark the welt the depth it is required, tack a 
linen stay on wrong side, J in. from seam, fold 
over to chalk mark — with the stay inside — baste, 
and stitch the foldod-over edge. 

Turn the pocket through the opening, nicking 
the comers to make it lie flat ; turn 
the bottom of vest back over the 
pocket-mouth, and stitch the pocket 
to the lower edge of inturn, to keep 
it in position and to prevent its 
being pulled inside out when taking ^ 
anything from it. Tack the pocket Jll 
and stitch round, and pare away all 
superfluous cloth 
and lining from 
the under part of ■ 

welt, to make the ; 

corners as thin as 1 r ipjA 

possible. Turn in \ ,A 

the corners and | 0^' 

serge them to - 
keep them in posi- ' 
tion ; stitch the 
ends down neatly, 

by hand, by imb 

means of prick- W , W 

stitch, and press X W 

well on the wrong 7 

side over a damp 34. fly facing j 

cloth. 

Fronts of the 85. left fore 

Vest. We are now . part of fly 
ready for the canvas (J "L 
yd. of black vest canvas ^ 

will be required). Cut 

the canvas to the shape : 3 

of, fore part, b^te on gg. buttonhole part 
loosely all round, and 
pare away the width of 

a seam from the edges and m — m 

I in. from side of seam. Take ' 

a linen stay J in. wide, baste it 
on either side to canvas and d 
cloth, beginning at the bottom I 

right-hand comer, holding it ji ^ 

tight at the corners and from j ^ 

waist to bust ; continue the stay _ 

round the neck, turn the front j 
over, place the facing on (cut | 

ao in 19, p. 1291) right side 
underneath, and projecting 
J in. over the edges. Baste 40. cutting out 
and stitch J in. from stay pocket 

tape, remove the basting, turn 
the facing right side over the canvas, work 
the comers out nicely and sharply ; baste 
round from the wrong side, keeping the saam 
1 in. in from the edge, as for coat-facing. 
Serge the inner edge to canvas only, turn in 
the cloth edges round the armhole, and serge 
to canvas. 

Slit the canvas on the shoulder 3 in. down 
[ 29 , p. 1293 ], remove the bastings and press with a 
damp cloth all over ; tack the top of facing to the 


side BeanL Now baste in the lining (it must 
overlap the facing I in.), fell to the armhole, 
from bottom to top. Stitch the edges of 
boa fronts to match the coat, and space the 
buttonholes 3 in. apart, the first one being 
J in. from the top and i in. larger than diameter 
of button. 

Stitch up the backs, both the light (for 
lining) and the black (for the outside). Place 
the black lining on the table, seam 
underneath, put the side seam of 
right side to the lining, then 
I'lll lining, right side undcr- 

neath, on to wrong side of vest ; baste 
U i 1 1 C shoulder and both linings together, 
l|y|r also tack the side scam. Baste the 
ill together round the armhole 

IMll - bottom to 

jT JMi '“JJ the. seams ; machine, 

'Jm ; I and remove the 

^ tackings. 

I ill Treat the other side 

ft m exactly the same. 

H \ I ' Now put the hand 

C 0 through the neck, 

V J/ of vest, and draw 
Jj^ \ip through a little at a 

V|V time very carefully ; 

W ' y turn in the nock, ma- 

y y chine, and press all 

\ ^ / round back and front. 

\ Making the 

Knickera. Face 
38. button 87. BUTTON- the forks of fore parts 

fJATCH HOLE PORTION with linen. For this 
take a piece 3 in. 
square, fold comer- wise, and cut 
through ; turn in the longest 
^ edge and stitch ; place on the 

! j I inside of forks and stitch close 

I I to the edge ; then cut the linen 

I ' J away level with the cloth. 

1 j The flies must now be cut 

il I li in. wide, and curved round 

at the bottom to within Ij in, 
of fork [19, p. 1291]. Two pieces 
of cloth and two of linen will be 
required for these, and an extra 
strip of linen for button stay 
J in. wide. Baste one piece of 
39. POCKET OPEN- linen to the right side of left fore 
iNG WITH FACING part [84] ; stitch the edge, re- 
move the basting ; turn the 
linen over and baste again, working the edges 
over well, so that the cloth is J in. under 
(the linen must on no account show on the 
right side), and baste through the centre to 
keep in position [A, 86]. Now prepare the under 
part for buttonholes in the following manner. 

Place one piece of linen on the table, the fork 
away from the worker; lay the cloth on, wrong 
side uppermost, and stitch from the fork to the 
top, as from A to B. Turn the cloth over and 
baste the edge, working the cloth under A ; 
baste all round and stitch J in. from the edge ; 
remove basting from edge, and press [86]. 

Now work the buttonholes 2 in. apart, the 




first one being 2 in. from the top, and just 
large enough for the buttons to go through 
comfortably [B, 86]. When these are made, 
lay the fore part on the table, right side 
uppermost, place the fly on, and stitch along 
the top I in. in from edge fO, 85]. Turn fly 
over to wrong side, baste in position ; turn 
the fore part over, and stitch from top to 
bottom, keeping just beyohd the bar ends 
of buttonholes |87]. Remove the basting and 
press on the wrong side over a damp cloth, 
then oaieh the fly 5) the fore part with three 
or four slanting stitches between the button- 
holes, to keep the fly in plaice, and well secure the 
end of it to tbe stay, as at A, 87. 

Place the right fore 
part on the table, 
right side uppermost, 
baste on tne button 
and catch, keeping the 
top level with the top 
of knickers ; machine 
from the top to the 
fork, J in. ft'om edge ; 
open and press the 
seam, and baste the 
linen stay 1 in. over 
this [A ana B, 88]. 

Turn in the edges of 
linen facing J in. on 
each side ; and place on 
the top of button 
catch, on the right 
side ; stitch across the 
top, turn over and 
T), SB], haste in posi- 
tion with the 8traigl)t 
edge J in. over the 
seam to hide this. 

Baste the curved side, 
turn over on the right 
side, and stitch J in. to 
the left of seam. Turn 
over again, and stitch the curved part ; remove 
the bastings, and press. 

Putting in the PocKeta. Nick the open- 
ing on the fore parts at the seam A at waist, 
and also 5J in. l)elow this. Take a linen stay, 
Ij in. wide and IJ in. longer than the opening, 
and tack to this from 1 in. above the nick on 
vTong side. 

Now cut the fiu^ngs. These should be of 
cloth 1 in. longer than the opening, 2 in. wide 
at top, and I in. at bottom. Place one piece on 
the right side of left fore part, with the widest 
part to the top, J in. above and below the open- 
ing ; baste and stitch [89]. 

Remove the basting, open and press on sleeve- 


board ; turn the facing back, baate again, 
keeping ibe edges even, and the seam out at 
top and bottom — f.e., where the nicks come [89] ; 
press over a damp cloth to make the seam as 
thin as possible ; stitch and remove basting. 

In good tailoring, strong and thin ** should 
be the motto ; the first to apply to the making 
and finishing, the second to seams and edges. 

Now cut the pockets, which must be of 
“ pocketing," and 11 in. square. Fold through 
the centre, and shape in this manner. Draw 
a chalk line across, 4 in. up from the bottom, 
and in. from this draw another for pocket - 
of^ning. At the top, one side must be slop^ away 
1 in. to make it narrower than at tbe bottom [40]. 

Cut the cloth facings 
for back of pocket 
2 in. wide and 6| in. 
long ; open a pocket, 
place one eoge on 
the front feicing, as 
near the edge at thc^ 
bottom as possible, 
and 1 in. from edge 
at the top, with the 
nick of pocket on the 
end of facing [41]. 
Stitch and turn the 
former back, creasing 
it down with the 
thumb. 

Take the back fac- 
ing, place on the 
pocket mouth, J in. 
above and below the 
opening, turn the back 
of pocket over to the 
facing, place the nick 
to the bottom of this. 
Turn facing and 
pocket back together 
and baste, then stitch 
the inner edge of facing 
to the pocket. The inner edge must be turned in 
if the material be thin or likely to ravel [42]. 

Fold the pocket over again, with the facing 
turned back. Take a piece of linen IJ in. 
wide, folded in half ; turn up edges J in. at 
the bottom, and stitch the raw -edged side 
to the edge of pocket. Cre.abe the seam 

back, turn the pocket over, placing the nicks 
together, and stitch the bottom of pocket 

from the fold to nicks. Trim the pocket 
roimd, turn inside out and stitch again from 
the nicks to the fold. Now place the back 
facing on the pocket mouth, with the pocket 
tum^ back ; secure well to the nicks at both 
ends of pocket. 



42. INSIDE OF POCKET WITH FACING 


Continued 
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SHORTHAND 


OoiitiniK'd from 


By Sir ISAAC PITMAN AND SONS 

'T' WO abbreviating devices, which are employed 
with much success in Pitman’s Shorthand, 
are described in this lesson. The hrst is the 
systematic omission of medial consonants and 
the contraction of the outlines for certain long 
words of frequent occurrence ; and the second, 
which is known as phraseography, consists of 
the joining of two, three, or more words with- 
out lifting the pen. 


Contractions. The consonant p is 
omitted between m and t ; thus 


V 

jnimpfd, plumped^ 
damped, atampedy 


trami>edy 


Vk 

ix — 

thumpedy camped, 


P between m and sh ; thus 


v. 

presumptioHy 

Acknowledge-d 
— f / 
altogether 
anything 

architect-ure-al 

Better than 
Catholic ”1 

character 

charac'teristie .*7. 

Danger ^ 
dangerous ^ 
destruction 
difficulty 

disinterested-ness (ap 

doctrine |j 

domestic I-tt- 
£nlarge>d 
especial-ly ^ 

essential-ly 

MUbliih-ed-menf ^ 

everything 
expect-ed 
GoTara-ed-ment "~V. 


4^ 

redemption^ 


assumption. 

List of Contractions. 


T betw'een s and another consonant ; thus 

'<• > k 'k. 

jmsiy posture y postage stampsy ptKst office y 

postponCy postp<oievi>entsy mosiy mostlpy honesty 

'7^ li ck 

houesthjy testy testinwnyy testhnotii(dy testament. 
K or G between mj and t or sh ; thus 

Ir^ |j^ Itt^ 

distiiu'ty dl.stinctiony distiinjuishy 

V. ^ ^ 

aiixious, sanctiony sanctify. 


The following special contractions should be 
committed to memory. 


Immediate ^ 

immediately 

impossible 

imi)racticable 


-r- 


improbable-bly- 

ility 

inconsistent 
inconsistency 
influence 
influenced , 
influential 
information 
instruction L 
interest-ed 
iri'egnlar 
Kingdom 
knowledge 
Magazine 

manuacript 
messenger 
mistake-n 


t t 




more than 
Natural-ly 
neglect-ed 
never 

nevertheless 

next 

nothing 

notwithstanding 

Object y 

objection 

Parliament-ary 

peculiar-ity \ — 
perform-ed 

performance \/Vo 

performer 'VV-. 

phonographer 
phonographic Var — 
practiee-d-eal-ly — 

practicable 
! probable-bly or 
I probability 

! prospect 


/Ve-'N 


public-sh-ed 

publication 

Rather or 
writer 

rather than 
refoim-ed /V 

reformation 

reformer 
regular 

rcmRrkal)Ie-ly 

represent-ed 

representation 

reprcjcntative 

republic 
republican 
respect-ed A 
Reverend 
Satisfaction | 
satisfactory 
something o — ^ 
stranger ^ 

subject S 


I 


subscribe-d V- 
subscription 
surprise ..'.7?... 

Temperance U. 
thankful 
together ' — 
transcript 
transfer 
transgress 
transgression 3^ 
Unanimity or 
unanimous 
understand 'f 
understood 'f 

unexpected-ly 

uniform-ity d' ^ 

uninfluent ial 

4”- 

whenever 
Yesterday 


uninteresting 

unsatisfactory 

Whatever 


im 




TieK Th€» A alimti^ tick. Joined to ihe 
preceding oharaotor, and usually written down- 
waid, 16 employed to repreeent the; thus 

/&r the^ tn the, ts thfi, maJte the, both Ike. 
When it 18 more convenient, the tick is written 
upward , thus 

% V f " 

frwnthe, (Mbovethe, the, nmdihe, on the 

In order to keep on the distinct fiom i, the 
first stroke must he wntten sloping The tick 
the must never be used initially 

Phrase Of the. Tlie phrase of th 4 > may be 
expressed by wilting the twj) woids which it 
oonnocts rifisK to fa(*h other, and in this way 
indicating that one is ‘*of the otiiei , thus 

pi an of thf 100)1, f*oim of the 

Diduftfions, iemlt of ih mmmre, 

a stotouoit of the aifwtl <ondtt)o)i 
of the (ountx/ The method of mutating of thf 
eannot be mistaken, in ])iactice, foi this mode 
of expiesHing nm oi (om When of th( is 
followed by ant wiitc the d<»t foi <<m , tlius 

(loHf of thi ionti-it These nut hods must 
not Ir omjiloyi d aftii a dot oi dasli %owil sign, 
»iH <1 X << (ondin'^id o<<ount, s^^'^ttoo </ the 
pniu ipol rnut, w<»uld n<»t lu distinct 

Phraseography. The phonogiapluc chai 
act el H foi a common phrase, consisting of seveial 
woi dsnatui ally 1 elated to each cither, aie joined 
togtthei and wntten without lifting the iien , 
foi example ^ \ nuiy hr is wntten thus 

aud ^ 'S / hooi h(en, thus 

These gioups of joined ehaiacteis aie known as 
plnaseogiams, and the employment of this 
method of wilting is styled phmseography 
Fliiaseogiams should not be made of woidsthat 
(vm only bo )oined with difhculty, noi should 
they bo too hmg, oi uuiy the pen too fai from 
the line llie jihiaseogiams in the following 
t ihle should bo copied sevcial times till they 
can bo leadily used 

In phiaseogi'aphy I is fieipiently abbroMated 
by wilting the hist stiokc only, foi example 

repiesents 1 am, and f (an 

Grcneially, the hist logogiam in a phi^ase 
must occupy its proper iMisition, thus \ ♦ an be, 

, — I/on <an, but a logogram wntten in the 
hist position may be raised oi lowei'ed to 
accommodate it to the following character, 

tJius . X- I had, ^ r lec 

A logogram or phiaseogram may be wntten 
over 01 close to a woid to express <o» or com ; 

thus you will comply, ^ I am content. 

There or the^r may be added to a curved full- 
length logogram by doubling it , thus 
the) e, from thetr, ' tn the$t , there. 



bad not 
a I did not 
V I have 
\ I think 
I was 
J I shall 
^ I shall be 
I am 
I will 

^ you can 
yon cannot 
you may 
yon must 
rv you must not 
r/ you will 
r/\ you will be 
1 you will do 
^ yon aie 
^ he thinks 
^ he was 
he may 
he will 
i, he would 
we aie 
we have 
we have not 

we ba^e seen 

[ it is 
it 18 not 
|d it IB said 
it should be 
it would be 
of com se 
of course it is 
v, to yon 
to him 
to me 

^ to them 

and have 
'I, and it is 




Untile ' 
akpnldbe 
fthonlddo 
£ as it is 
as it should be 
^ as well as 
y bas not 
IS it 

0^ 18 not 

I who have 
i who would 
i who would not 
^ who would be 
^ that 18 
^ that you 
^ that you aie 

L- win h y n ma^ 

//^ which you Will 
4 whitli cannot 


with it 
with which 
with them 


1 
; 

( 

when he was 
when it 
I" would it 
would be 


could not 

j i do not 
I had not 


J 

did not 


foi you 


foi this 

k. for this 

I'eason 

■7 

m which 

'V 

in this way 


our own 

} 

so that 

(r 

they will 


this is 
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famiKar, n6t onSly with tibe lAono^phic oW- 
adiers, but witE ^ minciples whioE govern 
feheir employment, so tiiAt he may eoraectly use 
fche signs for the it^resentation of any words in 
the language. He is cautioned a^inst intro- 
ducing any abbreviations not sanctioned by the 
rules, because these have been framed as the 
result of over sixty years’ employment of the 
art in all descriptions of note-taking, and the 
chief object aimed at has been the avoidance 
of forms which would tend to illegibility, 
ambiguity, or error. 


The student has now to attain speed in the 
writing of shorthand, so that he may employ 
tlie art in taking notes from dictation in the 
office, or in recording speeches and addresses 
for newspaper purposes or otherwise. In the 
nc(iuirement of shorthand speed, the most 
important factor is practice. This should at 
the outset take the form of note- taking from 
the reading of another person at a rate which 
will enable the writer to record every word 
that is uttered. As the note-taker ]>ecomeM 
more dexterous, or, in other words, increases 
his speed, the reader can (luicken his rate of 
utterance, and the note-taker will thus gradually 
attain to a higher speed of writing. 


In choosing matter for dictation practice, re- 
gard should be jmid to the jmrticular j>urpose 
for which the art is being ac(iuired. A book of 
commercial letters and business forms will 
provide the most advantageous practice for the 
young shorthand coiTespondent ; the private 
secretary should select such works as are likely 
to prove useful in his daily work ; and the 
embryo reporter should follow the dicbition of 
speeches, lectures, and parliamentary debates. 
A number of useful works for this purpose are 
included in the catalogue of shorthand works 
published by Sir Isaac Pitman & Sons, Ltd., 
1 Amen Comer, London, E.C. 

From the beginning of his speed practice, 
the student should strictly avoid a careless and 
inaccurate style of writing ; slovenliness in 
note-taking will result in either illegibility or 
inaccuracy, which cannot but prove a serious 
drawback to the successful use of shorthand. 
The student should cultivate the ability to 
read his notes with readiness and accuracy. It 
is a good practice to read over systematically 
to the dictator a considerable portion of the 
notes which have been written a day or two 
before, taking careful note of any divergencies 
from the dictated text, and their cause. 
Occasionally, portions of the notes should be 
written out in longhand, or typewritten, in 
order to test the student’s ability in accuracy 
and facilit^Mn transcription. The reading of 
shorthand jilted in the Reporting Style is 
most essential, in order that the student may 
gain a wide familiarity with outlines. 


•HOirriiAiiii 

Key It) Exercise in Last Lesson. 


1 


U 

^ ^ 0^ ( 5 


c — . 


2 


1 

) 

) 

0 


-I . 

^ 1 

1 ( 

/ 

0 

C 

0 

1 

X 

3 ^ 


cr^ 

< r 

Tr,. J L., ' 

A’ 

•» - 


0 

r 

X 4 

L 1 ° \ 



. . 4.. 



12^ ^ 

1 " / 

'-v 

1, ^ 

\ 





. ( ^ 

\ 


, ^ 

( 

\ 

^ • 

r ^ > X 

6 , 

1 C, 



) 

• .2 

^ ) ) c_ L 


y X 

7 

’! . 

1 ^ 

- \ ’ 4. 

_ \ 



1- \ 

‘ CT^ 

ox, ^ 4. 

. 

\ 



/ . 

e— X 

8 ^ 

V. 


^ . 

r s 

r 1, ' 




. \ 

)! 

9 ^ ■ T, . 

^ o 

\ 

C ^ 

^ N 

9 

' 2 c 2 

W C 


1 . 

10 

° Js 

2 2 

■ 

> 

r 

1 

Vo, 

/ 0 


X 

11 

1 0 

- J, 


v_/ 



^ . 4 . / 4. 

1. ' 

-)• 


J> 1 

0 X 1 

2 . ^ ^ C 

1 

C 

^ ( 

c- 

» ' 

. ) ^ 

X 1 / \ 

\ < 


) J 

...1. 


, ^ <2 1 

O 

. N 


— ( 

1 r - 

s - 2 - 

s ( < 

: 

1 “ -1 

W X 

13 - ( 



• J 

£, 

'' (. 


C , 

/.* 

14 

V 

' r “ \ ‘ 

) s .. 

L 

^ » . 

1. 21 

2 


_ ) 

1 

^ / 

1 ' 

\ 

0 

^ 2 ^ N 




Shorthand Concluded 
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Group 7 

CLERKSHIP 


KEEPING THE JOURNAL 


10 


(Jouilriuvd from 1320 


Procedure in Scottish Banks. Acceptances. Origin of the 
Journal. Double Entry. Record of Bill Transactions 


By A. J. WINDUS 


examining the pasH book, it is found that the 
discount debit is entered under date of Sep- 
tember 26th among the cheques drawn by Bevan 
& Kirk, and honoured by the bank. As a matter 
of convenience, therefore, Bevan & Kirk treat the 
debit slip as if it were a cheque which they them- 
selves had drawn in favour of their bankers, and 
enter the amount of it on the payment side of 
the cash book under the date when it was 
received. 

It would bo logically correct not to do this, 
but to make the entry on the opposite side 
of the cash book, putting the amount in the 
column specially provided for discounts allowed ; 
but then it would not be so easy to make the pass 
book agree with the cash book as under the plan 
adopted. 

Procedure in Scottish Banka. In 

Scottish banks, the procedure is slightly dilferent. 
Hero, the net amounts only of discounted bills 
are credited to customers’ accounts. It is usual, 
however, for customers to present their pass books 
when paying in money and cheques, etc., which 
is not the case in England. Suppose, therefore, 
the bill for £20 lOs. (kl. had been sold to a bank 
in Glasgow ; directly it had been discounted, 
the net amount would have been written in the 
pass book. The discount charge of Ss., being 
already involved in the net figure of £20 7s. 6d., 
M'ould not, of course, appear as a separate item on 
the opposite side of the pass book. In the event 
of the pass book not being produced at the time 
the bill was discounted, a duplicate credit slip 
showing the net proceeds of the bill would be 
issued to the customer, the bank retaining the 
original. 

English and Scottish Pass Books. 

Probably, the most convenient way of recording 
in the trader’s books of account the transaction 
as here outlined would be to make the entry on 


the debit side of the cash book as explained, but 
in skeleton form — that is, with the amount left 
blank to be filled in immediately the correct 
figure was obtained from the bank. There is a 
margin of 38. between the total of £20 10s. 6d., 
for which the acceptor, J. Wake, should receive 
credit, and the lesser sum of £20 Vs. 6d., with 
which he would have been credited through the 
cash book had the acceptance been discounted 
in Glasgow. Such margin or difference may 
either be treated as cash discount, and entered 
in the discount column of the cash book alongside 
the principal amount, or, preferably, may be 
dealt with through the journal — a book that will 
come under our notice in relation to the next 
transaction taken. Further remarks on points 
of difference between English and Scottish pass 
books, and pass book entries, may be postponed 
until the method of reconciling the pass book 
and the cash book claims our attention. 

Acceptances. There still remain some 
features of transaction (n) which would repay 
our scrutiny, but since more than one of them 
will be reproduced in (m), let us now make that 
the subject of inquiry. 

Transaction (w). Sept. 25th. Accepted Henry 
Norgate’s draft at 2 months for £55 4s. lid., 
payable at the Commercial Banking Com- 
pany, in settlement of account to the 
19th. 

It is not improbable that this draft was 
accepted by virtue of a standing arrangement 
between Bevan & Kirk and Norgate, under 
w'hich the latter regularly sends drafts for 
acceptance along with the monthly statements 
of account. By accepting Norgate’s drafts, 
Bevan & Kirk lose the cash discounts, but obtain 
an extension of credit, which is worth something 
to them, no doubt. 

The draft will read somewhat as follows : 


t 5 n 



rr-^s'yy. 


7a 0 fCir\A ^ 


V < ^ J 

rxjucJUA^ In 


rxjLXJUu^ 

''VVv 
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here 

yable 



OLKIIKtHIP 

It may bo that when Norgate reoeives the 
acceptance he will discount it as Be van Kirk 
disoonnted the one received from Wake. But 
the que^on 48 : How is the transaction to be 
dealt with in Be van & Kirk's books ? Accept- 
ance of a. bill of exchange is not payment, but 
merely a promise to pay at a future date. There- 
fore, the transaction should not appear in the 
cash book, which is a register of receipts and 
payments. Certainly the bill book is affected, 
because the rule is that all bills must bo entered 
therein ; but the bill book in the system we are 
describing is not so much a book of original as a 
book of additional entry, and the transaction 
must accordingly be enrolled, not only in the 
bill book, but also in a journal. 

Remembering that the bill book is divided 
into two parts, one part being reserved for bills 
receivable, and the other for bills payable, we 
first decide that from Bevan & Kirk’s point of 
view the acceptance is a bill payable, because it 
represents an amount payable by the firm, and 
then wo enter it in the form here given, in the 
section of the bill book devoted to bills payable. 

Origin of the Journal. It has l>eon 
stated that “ journal ” and “ book of original 
entry ” are synonymous terms. There are 
several journals mentioned in our list, as 
day book, invoice l)ook, outwards returns 
book, etc. There is also one book bearing the 
title of Journal with a capital J. Other books 
of original entiyr are journals, but this book is 
the Journal, being a survival of the celebrated 
system of bookkeeping indifferently known as 
the Italian or Venetian method. To the Genoese 
and Venetian bookkeept^rs of the Middle Ages 
belongs the credit of having invented or re- 
discovered the art of double entry. Throe books 
formed a complete set — the Memorial, the 
Journal, and the Quoderno, or Ledger. The first- 
named is sometimes met with oven yet under 
the title of waste book or rough book. It was 
practically a business diary containing a record 
of operations or events, one after another in the 
order of their occurrence, each day’s transac- 
tions being preceded by the date. Tlio entries 
in the Memorial were generally in the form of 
brief narratives, very similar to the series of 
transactions we are now studying. It was but 
seldom that the debit and credit effect of a 
transaction could be seen at a glance, and this 
fact, joined to other considerations, revealed 
the need of a book which might serve as the 
medium for the posting of items to the ledger. 

In such a book the entries would be collected 
from the Memorial, arranged in debit and credit 
form, classified under appropriate heads of 
account, and finally carried to the ledger. 
Thus, the Journal originated. By force of 
circumstances its authors and their immediate 
successors were compelled to enter separately 
therein each transaction recorded in the 
Memorial. Thus, if three debtors, P, Q, and 
R, happened to pay their accounts on the same 
day there would be three entries in the Memorial 
in narrative form, and throe in the journal in 
the following form : Cash Dr. to P, Cash Dr. 
♦o Q, Cash Dr. to R. 
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By the Unte the neoeeaity for thie abeolute 
eeperation of kindred items had . disappeared, 
the custom of journalising each transaction, 
independent^ of every other, had grown into 
an article of faith amon^ bookkeepers, and 
proposals for the oondensmg of entries were 
regarded with grave suspicion. The truth is 
the Venetian school have been so bedazzled 
with the beauty of the fundamental proposi- 
tion, ** for every debit there must be an equal 
credit,” that their eyes have been blinded to 
the not less admirable corollary which states that 
the rule is satisfied if the single debit equals the 
sum of the several credits (and vice versA). 

Working Principle of Double Entry. 
For instance, if W, X, and Y pay £50 apiece 
on the same day, just one debit of itl50 to 
Cash is necessary as against credits of £50 
to W, £50 to X, and £50 to Y. The proof 
of the corollary was given in Part 4, but its 
overwhelming importance as the great working 
principle in double entry bookkeeping will be 
more and more appreciated by the student 
as his knowledge of the subject increases. The 
discovery and application of this simple law 
mark an epoch in the history of accounting, and 
have worked a revolution m its methods. 

Breaking up the Journal. Formerly, 
there was but one book — the Journal — from 
which postings ^to the ledger could be made, 
and because the Memorial was, as its name 
implied, not so much an account book as a 
memorandum l>ook, the Journal came to be 
looked upon ns the real book of original or 
primary entry. To-day we find the Journal 
subdivided into day book or sales journal, 
invoice book or bought journal, returns inward 
journal, returns outward journal, and other 
books of primary entry with whose names and 
functions we shall become familiar. Cash 
items, once so plentiful in the Journal, are now 
rigorously excluded therefrom and are entered 
in two books specially devoted to them, which 
are properly cash journals, but are kno\\'n as 
bank cash book and petty cash book. Naturally, 
the Journal itself was vastly reduced in bulk 
W the process of subdivision here described. 
With the exclusion of all items of purchases, 
sales, and returns, and the banishment of all 
cash items, it wasted to a mere shadow of its 
former self. 


It cannot be dmiedikst Conlsnmtal fa»den 
generally and a respectable minority of biisi* 
nem houses in Uie United Kingdom still treat 
the Journal with all, or almost all, the 
respect which it once enjoyed. Hie only 
concession they make to the modem spirit 
is to exclude cash and, perhaps, discount items 
from the Journal, entering them direct into 
the cash book or petty ca^ book as the case 
may be. But your time-saving bookkeeper 
of the present day makes his journal entries 
as few as possible, limiting them to such as 
are either opening, closing or special entries, 
or transfers. Just now we are concerned with 
the third group. Special entries go into the 
journal because there is no other place for them. 
They are mostly items of rare occurrence, 
items for which, in consequence, no specific 
book of original entry has been provided. 

Record of Bill Transactions. Clearly 
the bill transaction referred to in (w) must 
be recorded in the journal. 


JOURNAL 



By rule (a) [see page 491], Norgate must be 
debited because he receives something — viz., 
Bevan & Kirk’s acceptance, and by rule (c) 
bills payable account must be credited because 
the bill goes out. Notice that' one money 
column in the journal is reserved for debits and 
the other for credits. The reason for this will 
appear in due course, but before passing on to 
Transaction (o) we must retrace our steps for 
a short distance. 


Continued 
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X A 1 ContiniKul from 

Section I. GRAMMAR 

Irregular Verba : Third Conjugation 

Cantinued 

Perfect reduplicates, Supin'^, 4um or suw. 


l^ndo 

pependi 

pensum 

weigh 

ten do 

tetendi 

tensum stretch 

(ten turn) 

disco 

didici 

— 

learn 

poeoo 

poposci 

— 

demand 

ourro 

cucuiri 

cursum 

ran 

pungo 

pupugi 

punctum 

prick 

tundo 

tntudi 

tunsum, thump 

or tusum 

fallo 

fefelli 

falsum 

deceive 

parco 

peperci 

parsum 

spare 

pario 

peperi 

partiim 

bring forth 

cado 

cecidi 

casum 

fall' 

cfedo 

cecldi 

caesum 

cut, J/eat 

cano 

cecini 

v^antum 

sing 

pango 

pepigi 

pactum 

fasten 

tango 

tetigi 

tactum 

touch 

pello 

pepuli 

pulsum 

drive 

tollo 

(sustuli) 

(sublatum) 

raise 

4 with lengthened stem-vowel, 4uw (three -svnt). 

facto 

feci 

factum 

do, make 

jacio 

jeci 

jactum 

throw 

linquo . 

liqui 

dictum 

leave 

vinco 

vici 

victura 

comjuer 

ago 

egi 

actum 

do, drive 

frango 

fregi 

fractum 

break 

lego 

Icgi 

lectum 

choose, read 

fugio 

fugi 

fugitum 

flee 

edo 

edi 

esum 

eat 

fodio 

fodi 

fossum 

dig 

fundo 

fndi 

fusum 

pour 

capio 

cepi 

cap turn 

take 

rumpo 

rupi 

ruptum 

break 

emo 

emi 

B. 

eraptum 

IT- Verbs. 
t, 'turn. 

buy 

acuo 

acui 

acutum 

sharpen 

Also, argvo (prove), 

, ea;'Mo(putoff), tnduo(puton). 

imbtLO (tinge), minuo (lessen), statvo (set up). 

tribuo (assign). Metuo (fear) and 
have no supine. 

nuo (nod) 

luo 

lui 

lui turn, 

or lutum 

wash, aUme 

ruo 

rui 

ruitum 

rush, fall 

solvo 

solvi 

solutum 

loosen 

volvo 

volvi volutum 

Deponents. 

roll. 

Pres. 

In,fin. 

Pf. Ptc. 


fungor 

-i 

functUB 

perform 

amidector 

-i 

amplexus 

embrace 

nitor 

-i 

nisus, or nixus 

strive 
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patior 

-i passus 

suffer 

use 

utor 

-i usus 

gradior 

d gressus 

step 

febor 

\ lapsus 

glide 

morior 

'i mortuus 

die 

queror 

'i questus 

wmpliiin 

fruor 

-i fruitus (fructuH 

enynj 

loquor 

*i locutus 

speak 

sequor 

-i secutuR 

follow 

apiscor 

-i aptus 

obtain 

comminiHcor 

-i commentus 

devise 

expergiscor 

-i experrec’tUB 

wake up 

fatiscor 

-i fessuH 

grow tired 

irascor 

-i iraturt 

he angry 

iianciHcor 

-i nactuH 

obtain 

nascor 

■i natuH 

be born 

obliviscor 

-i oblituB 

forget 

pacsiscor 

-i pacituR 

Inirgni n 

proficiscor 

-i y>rofcctuR 

set out 

ulciscor 

-i ultuH 

avenge 

Irregular 

Verba : Fourth Conjugation 

•vi or 4vi, 4nm. 

aperio 

apenii apertum 

optn 

operio 

operui oportum 

corer 

salio 

Ralui (saltum) 

leap 

sepelio 

se|)elivi sepultum 

•f, -turn. 

bury 

com per io 

comp(*ri coinpertum find 

reperio 

repyicri repertuni 

discover 

venio 

veni vontum 

■si, -tam (one, -sum). 

come. 

fulcio 

fitlsi fuHura 

prop 

sane 10 

sanxi sanctum 

consecrate 

vincio 

vinxi vinctum 

bind 

haurio 

hausi haustum 

drain 

Bcntio 

sensi sensum 

Deponents. 

feel 

assentior 

-iri Hwsensus 

agree to 

experior 

-iri expert us 

try 

metior 

-iri mensuH 

measure 

opperior 

-iri oppertus 

wait for 

ordior 

-iri orsuR 

begin 

orioT 

-iri ortus 

rise 


Note. The following verbs, while apparently 
of the fourth conjugation, are really third : 

Cajyio, cupioj facioy jodio, fugio, jacio, pario, 
rapiOf eapio, quatio, compounds of specie anri 
UiciOy gradior, potior ^ morwr ; and in some tenses 
orior and pcAwr. In their present stem forms 
they usually retain the -i, but not before t, 
final e, and short cr — e,g., capiam, cape, caperc, 
capiendum. 

Morior and orior have future participles — 
morituriis and oriturus. 
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Orior is conjugated like potior^ except a few 
forma which foUow the fourth conjugation : 
or*rt, orirer^ etc. Potior follows the fourth, but 
occasionally wavers between third and fourth : 
poterer ana potirer. 

Verba Compounded with Prepoel- 

tione. Simple verbs are not so often used in 
Latin as verbs compounded with a preposition, 
the piep. either strengthening or changing the 
meaning. The following arc the chief changes 
of prepositions in cornpo.sition : 

1. A, ab- become a- liefore m, v {amitto^ nvoco ) ; 
aJbs before c, t {ab/*cedo, ahstergo) ; as- before p 
{asporto) ; an- l>efore / {aufero). But afvi (from 
abs 2 im). 

2. Ad- becomes a- before gn, sc, sp (ascendo, 
aspicio, agnmeo). 

It remains ad- before b, d, k, j, m, v, and vowels, 
but is assimilated before other letters : affero, 
assisto. 

3. Con- (for cum), and in, are written com-, 
ini-, before p, h, m {compelh, imhuo), but are 
assimilated before I, r : collwdo. irrvx). They 
remain unchanged before other consonant?, 
except that : 

Con- becomes co- before h, gn, and vowels : coc% 
cognoHCo. Also, ignosco. 

4. Ob; svb; aie assimilated before c, g, p, f : 
occurro, snffero ; except suecipio, auscito, anspendo, 
suspicio. 

‘ They remain l)efore other letters, except 
sustineo, snstoUo, stimuli, snrripio. 

Note cm it to, otftendo. 

5. E-, ex- are assimilated before f : effero. 
Ex- before vow'els, h, c, q, p, s, t ; e- before other 
letters: edneo, ci'oco. 

6. Trans- becomes tra- before d, j, n : trado, 
trajicio, trano. 

7. THs- (mseparablo prefix) is assimilated 
before / ; differo. It becomes di- before a with 
consonant {diatringo) and certain consonants 
{diriw). Note dirimo for diaimo. 

8. Jie-, se- (inseparable prefixes) add d in 
reddo, redeo, redhibeo, redimo, redoleo, seditio 
(noun). 

In addition to the changes in the preps., 
there is a vowel change in the verbs themselves 
in becoming compounds — e.g., conciUio (quatio), 
collido (loedo), explodo {pl-audo), exigo {ago), 
conflcio (facto), confUeor (fateor), retineo (teneo), 
etc. The student must look these up for him- 
self in the dictionary, os he comes across them in 
his reading. 

Skciton II. SYNTAX 
Questions to which an affirmative answ^er is 
expected are introduced in Latin by nonne. 

When a negative answ'er is expected, by num. 
When the answer is absolutely an open matter, 
by the enclitic -ne added usually to the first 
word of the sentence — e.g,, 

Num pvtas bis bina esse gninque ? = you 
surely don’t think that twice two are five, do 
you 1 

Nonne Cassar erat imperator maxtmus = was 
not Cfosar a mighty general ? 

Putasne me patrts similsm esse = do you think 
that I am like my father ? 


The above are all direct guestioris. In indirect 
questions — i.t,, questions depending on a verb — 
the verb in the question is subjunctive. 
“ Whether ” and “ if ” in such sentences are 
rendered by (1) utrum, followed by an or nc ; 
(2) num — e.g., Hogavit utrum hcec vera esserU 
annon = he asked whether this w'as true or 
not. 

Note. Distinguish between “ whether ” thus 
introducing a dependent clause, and “ w'hether ” 
used to express a condition ; the latter is sive, 
a compound of si - if — e.g. : 

Hcec, sive vera sunt sive falsa, nullo modo me 
movent = whether — i.c., if — this is true or false 
I am not troubled by it. 

Idiomatic 8l^ft^TENCEs to be put into Latin. 

1. Socrates was called to trial on the charge 
of corrupting the youth, but in reality l>ecause 
he had l»ecome suspected by those in power. 

2. He is too wise to err. too good to be 
unkind. 

3. He came to such a pitch of folly that he 
could not be per.uiaded to eat. 

4. It was resolved to send ambassadors to 
ask what was the meaning of these repeated 
insults. 

,5. I hear that she died four years after re- 
turning home : I fear that her childien are in 
very poor circumstances. 

6. If you help me, I shall rejoice ; if not, I 
shall not take it ill. 

7. The enemy at once sounded a retreat. 
When he heard this, the general bade his men 
also retire. 

8. I came to see you at once, inasmuch as I 
had received many kindnesses at your hands. 

9. Although he was the first to leave the 
ship, he is not the man to be a cow^ard. 

10. I am different from what I once was ; so it 
is absolutely necessary for me to remain at home 
for several days. 

Latin Version or the Above. 

1. Socrates in judicium vocatus est quod 
corrumperet juventutem, re tamen ipsa quia in 
suspicionem magistratibus venerat. 

2. Sapientior est quam qui erret, melior 
quam qui inclementer agat. 

.3, Eo stultitifie venit ut illi non persuaderi 
posset ut ederet. 

4. Placuit legates mitti qui rogarent quid 
vellent hse tot contumelise. 

5. Nuntiatum est mihi illam anno quarto 
postquam domum rediisset mortuam esse : cujus 
liberi timeo ne pauperrimi sint. 

6. Si mihi subvenies (no<e tense), gaudebo : 
sin minus, baud segre feram. 

7. Hostes confeatim receptui canunt. Quod 
quum audivisset imperator, suis quoque ut 
recedant imperat (historic present). 

8. Statim veni te visum, ut qui multa bene- 
ficia a te aocepissem. 

9. Quamvis primus navem reliquerit, non is 
est qui ignave fugiat. 

10. Ahus sum atque olim fui ; itaque me 
oportet plures dies domi manere. 



{Section III. TRANSLATION. 

The Gbbat EBUpnoN op Vesuvius. 

August 24th, a.d. 79. 

Extract from letter of Pliny the Younger to 
Tacitus. 

Nec multo post ilia nubes descendere in 
terras, operire maria. Cinxerat Capreas et 
absconderat : Miseni quod procurrit, abstulerat. 
Turn ' mater orare, hortari, jubere, quoquo 
modo fugerem ; posse enim juvenem : se ct 
annis et oorpore gravem bene morituram, si 
mihi causa mortis non fuisset Ego contra, 
salvum me, nisi una, non futurum : dein mamim 
ejus amplexus, addere gradum cogo. Parct 
a^gre, incusatque se, quod me moretur ; jam 
_ cinis, adhuc tamen rarus. Respicio ; densa 
caligo tergis imminebat, quae nos, torrentis 
mode infusa terrae, sequebatur. Deflectamus, 
inquam, dum videmus, ne in via strati comi- 
tantium turba in tenebris obteramur. Vix 
consederamus, et nox, non qualis illunis aut 
nubila, sed qualis in locis clausis lumine ex- 
stincU). Audires ululatus feminarum, infantium 
quiritatus, clamores virorum. Alii parentes, 
alii liberos, alii conjuges vocibus requirebant, 
vocibus noscitabant. Hi suum casum, illi 
Huorum miserabantur. Erant qui metu mortis 
mortem precarentur. Multi ad deos manus 
tollore ; plures, nusquam jam deos ullos, 
tfitcmamque illam et novissimam noctem 
mundo interpretabantur. 

Engush Version of Above. 

Not long afterwards that cloud descended 
{historic infinitive) over the land and covered 
the sea. It had encircled Capreae and blotted it 
out : it had removed from our sight the pro- 
montory of Misenum. Then my mother begged, 
exhorted, ordered me to flee in whatever way 
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1 mi^t, (saying) that a young man could, 
and wat she, weighed down with years and 
weakness of body, would die happy, if she had 
not been the eause of bw death. I on the 
other hand (affirm) that I will not be saved 
unless with her: then clasping her hand, I 
urge her to quicken her step. She obeys 
reluctantly, and blames herself for delaying me. 
Now there are ashes, as yet, however, few and 
far between. I look back ; thick darkness 
overhung us in the rear, and kept following us, 
pouring over the land like a flood. “ Let us 
turn aside,” I say, “while we can see, lest 
being knocked down in the street we be trampled 
upon in the darkness by the crowd of our 
companions.” Scarcely had wo sat down when 
night (was upon us), not a mere moonless, 
cloudy night, but such night as there is in a 
closed room when the light is extinguished. 
You could hear the wailing of women, the cries 
of infants, the shouts of men. Some were 
seeking by the voice, by the voice were recog- 
nising parents, others children, others wives. 
These were pitying their own fate, those that of 
their lovotl ones. There were some who, 
through the fear of death, prayed for death. 
Many raised their hands to the gods ; while 
more still imagined that there were no longer 
any gods anywhere, and that this was the linal 
and everlasting night for the world. 

[This is a more or less literal translation, 
given in order to enable the student to make 
out the meaning of the Latin. He should not, 
liowever, rest content will) merely translating 
Latin liU'rally into English, but should polish 
and re-polish his English version until it reads 
well and smoothly. For models of translation 
see “ Translations,” by Jebb, Jackson, and 
(‘urrey, published by Bell & Sons.] 
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PUNCTUATION— CoiKm ued 

Other stops are : 

The note of interrogation (?), placed at the end 
of all direct questions — as ; “ Who is there ? ” 
It is not used after an indirect or reported 
question— : “ He asked who was there.” 

The mjtc of exclamation (!), used after 
interjections and exclamations ; also usually 
after the Vocative Case — as : “All hail, great 
master ! ” “ Alas ! ” 

Curved and square brackets, (),[], used to 
separate certain words from the rest of the 
sentence, to add an explanation of a difficult 
word, etc. 

Inverted commas, double “ — ”, or single — ’, 
used to mark quotations. When a quotation 
occurs within a quotation, the inner quotation is 
generally marked by single inverted commas — 
as : 

“ Breathes there the man with soul so dead. 
Who never to himself hath said, 

‘ This is my own, my native land ’ ? ’ 


Exercise. 

Punctuate the following passage from one of 
Hans Andersen's Fairy Tales : 

“A whiptop and a little ball were together in a 
drawer among some other toys and the top 
said to the ball shall we not be bridegroom and 
bride as we live together in the same box but 
the ball which had a coat of morocco leather 
and was just as conceited as any fine lady 
would make no answer to such a proposal next 
day the little boy came to whom the toys 
belonged he painted the top red and vellow 
and hammerea a brass nail into it and it looked 
splendid when the top turned round look at 
me he cried to the ball what do you say now 
shall we not be engaged to each other we suit 
one another so well you jump and I dance no 
one could be happier than we two should bo 
indeed do you think so replied the little ball 
perhaps you do not know my papa and mamma 
were morocco slippers and that I have a Spanish 
cork inside me yes but I am mode of mahogany 
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said the top and the mayor himself turned me 
he has a turning lathe of his own and it amuses 
him greatly can I depend upon that asked the 
little ball may 1 never l>e whipped again if it is 
not true replied the top.” 

Correct the punctuation of the following 
passage, which is altered from one of Thomas 
Fuller’s *‘Mixt Contemplations on these Times” : 

“ In the year of our I^rd, 1606, there happened 
a sad overflowing of the Severn -sea. On both 
sides thereof which, some still alive one I 
hope thankfully remember ? An account, hereof 
was written to John Stow the industrious 
chronicler from Dr. Still : then bishop of Bath 
and Wells and three other gentlemen of credit 
to insert in his story one passage, wherein I 
cannot omit ! ‘ Stow’s C'hronicle ’ p ; 889 

Among other things of note it happened that 
iipon the tops of some hills divers, beasts of 
contrary nature had got up for their safety as 
dogs. Cats foxes hares conies moles mice ; 
and rata who remained together ? Very peace- 
ably without any manner or sign, of fear of 
violence one towards another ? Ho^' much of 
man was there, then, in brute creatures. How 
much of brutishness is there now in men. Is 
this a time for those 1 Who are sinking for 
the same cause ! To quarrel and fall out : I 
dare add no more : but the words of the Aj)Ostle 
2 Tim. ii. 7. Consider what V 1 say and tlie 
Lord give you, understanding, in nil things.” 
STYLE 

The main object of our study of the English 
language is that we may l)e able to express 
ourselves clearly in it. whether in writing or in 
speech. We must aim not only at meaning 
exactly what we say, but also at saying exactly 
what we mean. It is not enough to have our 
o^vn thoughts and ideas perfectly plain to 
ourselves ; for unless we can convey them 
dearly to other people, mistakes occur, mis- 
understandings arise, feelings are often wounded 
unnecessarily, and mischief frequently follows. 

Absolute clearness of style is the result of 
long and careful discipline, but it is a result 
that will well repay the labour. It can be 
cultivated better in writing than in .speech, 
because we can revise what we have "WTitten, 
whereas the spoken word is usually forgotten 
as soon as uttered. We should therefore make 
it a practice at first to read and re-read eveiy- 
thing that we write, -looking carefully for any 
ambiguity or any loophole for tnisunderstanding. 
We may be oeiiain that if a thing is not* quite 
clear to the wTitcr of it, the chances are that 
it will be very far from clear to anyone else. 

Perhaps in no matter is this more important 
than in one where it is os a rule most neglected — 
that of -wTiting business letters. It would 
be interesting to know’ the time that has been 
lost and the money that has been w’asted simply 
through confusion' and clumsiness of 'expression 
in the letters of our large business firms. So far 
from being a matter of theoiy, to be indulged in 
merely by pedantic grammarians, the necessity 
for a clear style is a very practical matter 
indeed, as - tlmmsaiids of people have too late 
iound out to their cost. 
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Then, when clearness of expression in writing 
has been cultivated, clearness of expression in 
speech wiU follow as a matter of course. Have 
you over noticed the different manner in which 
the same event will be described by a man of 
education and by an unlettered person ? The 
former in a few bold strokes will give you in 
two minutes a clear impression of what he has 
seen ; the latter, however, will take at least 
five times as long, owing to his frequent repeti- 
tions and his hunting about for words to convey 
his meaning, and at the close your impression of 
the event is still dim and hazy. 

How Not to Write a Letter. As 
an example of what has been said above, let us 
take the following letter, written first as it 
should not be written — but too often, alas! is; 
and secondly as it should be written. Tliore 
is no exaggeration here ; thousands of similar 
letters are being written every day. 

Letter from a young man applying for the 
post of cashier in a large business house : 

[The letters in brackets refer to the notes on 
the next page]. 

Dear Sirs, I have read your advertisement for 

a cashier in the “ Gazette ” of yesterday’s 

date, which (a) I have only just seen, and which 
(«) 1 have great pleasure in applying for, as I 
feel to have all the necessary (h) qualifications 
which you require (6). If you will write to 
Messrs. White & Co., I have been (c) with them 
three years, before which I was at Brownlove’s, 
Birmingham, where I was for nearly five years 
under-cashier, as the testimonials" from that 
lirm which (d) I gave satisfaction to, and which 
(d) I enclose herewith will show. Leaving 
them through no fault of my own, you (e) will 
see 1 have had eight years experience and good 
character, and while (/) I have never be^ a 
single penny wTong in my accounts, thousands 
of pounds every week have passed through my 
hands, not only in wages, . but having (gr) to 
negotiate delicate matters for the film which “(fe) 
needed careful handling. My age is 31 years 
old (t), although I am not married, and I may 
say 1 am a non-smoker, but steady in my 
habits, and know shorthand. I should have 
liked to have stayed (k) on in my present situa- 
tion for some things ; but without (/) I will 
accept a lower salary, the firm is reducing the 
staff owing to some cause or another (m), which 
(n) I do not see my way to do. While (o) I should 
require a salary of £180, I do not want to be 
'excessive, and should be prepared to enter- 
tain your offer as a firm (p) of first-rate standing 
in the business world, and that (g) you do not 
under-pay your servants. Had I have (r) seen 
your advertisement sooner, I would have 
answ^ered it before, as I said at the beginning (s), 
and trust I am not too late now, which (/) is the 
moment I have seen it. Hoping this will merit 
your favourable attention w’hen you read it, 
and trusting to hear further from you when I 
should -be delighted to have an interview when 
and where desired. 

Believe (v) me. Dear Sirs, 

Your obedient servant, 

X. Y. Z. 



Hie letter is not entire^ uagramniatioal, 
thoi^ its grammar is at fault in some places ; 
but it is a fair eicample of a confused slipshod 
sl^le, oommcn enoii^ in those who have 
never trained themselves to think or write 
clearly. The faults contained in it are almost 
too many to mentimi, but let us notice some 
of tiiem : 

a. The first refers to** Gazette'* the second 

to no particular antecedent, but to some word 
like “ situation,** which is vaguely in the writer’s 
mind. 

b. Having said necesmry, he has no need to 
“ whi(m you require.** These words are 

redundant. 

c. The subject of this second half of the if 
clause should be you, not I : “ If you will 
^vrite . . . you will find that I was,’* etc. 

d. Here, again, which refers to two different 
antecedents, ./fm ^d testimonials, thus causing 
confusion. 

e. The writer having bes^ with a participle, 
leaving, referring to himseu, the subject of the 
main sentence ^ould be “ I,*’ not “ you.” It 
was not “ you ** who were leaving, but “ I.** 

/. This is an example of misplaced emphasis. 
He means Although thousands of pounds 
have passed through my hands every week, I 
have never been a single penny wrong in my 
accoimts.’* 

g. Hopelessly mixed. Where is there a noun 
vith which the participle having can i^ree ? 

h. What is the antecedent of which? Was 
it the firm or the delicate matters that needed 
careful handling ? 

i. Old should be omitted. In the rest of this 
sentence the emphasis is hopelessly wrong ; 
although and btU give a false contrast, and what 
has a knowledge of shorthand to do with 
steadiness of habits ? 

k. Should be “ to stay on.” - 

l. Use the conjunction “ unless *’ instead of 
“ without.” 

m. Bay either “ some cause or other,’* or 
‘‘ one cause or another.” 

n. To what does which refer ? 

o. Wrong emphasis again ; see / above. 

p. Should bo “ as being that of a firm.” 

q. The writer makes that depend on some verb 
like “ knowing,” which he has vaguely in his 
mind. 

r. “ Have *’ should be omitted. 

8. He is he^ needlessly repeating himself, 
and also irritating the reader, presuming the 
reader to have re^ so far, which is doubtful ! 

t. A relative pronoun should not refer •to an 
adverb, such as now, 

V. The writer having used two participles, 
hoping and trusstir^, both referring to himself, 
the subject of the main verb of the sentence 
should have beenr’“ I,” not “you ** (which is 
the understood subject of hdieve). He should 
have said, “ 1 remain,’* ete. 

These are a few of the details in which the 
letter is wrong. But in addition the sentences 
are far too kmg and involved, and the whole 
method of expression clumsy and cumbersome 
in t&e^xtaEeme. 
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LettM Ro*writtea« Contrast the 
above letter with the following version of the 
same : 

Dear Sirs, — I have only just seen your 
advertisement in the “ Gazette ” of yester- 

day’s date, and hasten to apply for the post of 
cashier there advertised as vacant. I have been 
three years with my present employers, Messrs. 
White & Co., and before that I was under-cashier 
at Brownlove’s, Birmingham, for nearly five 
years. I enclose herewith testimonials from the 
latter firm. My present employers kindly allow 
me to give you their names for reference. I 
have thus had eight years* experience of the 
class of work required. Thousands of pounds 
have passed through my hands every week, and 
I have often had to negotiate delicate matters of 
business for the firm. I am 31 years old, 
unmarried, and of steady habits. I have also 
a knowledge of shorthand. My present em- 
ployers are reducing their staff owing to various 
reasons, but have asked me to stay on in their 
employ. As, however, they are not prepared to 
offer me as high a salary as in the past, I have 
decided to leave. I should require a salary of 
£180 per annum ; but if that is a higher figure 
than you are prepared to offer, I shall be glad 
to hear what you propose. I would leave 
m 3 ^elf largely in your hands in this matter. 1 
shall be pleased to let you have any further 
information you may require, or to have an 
interview with you if you po desire. Trusting 
that my application is not too late, 

I remain, dear sirs, etc. 

Chief Errors of Style. It is impossible 
to mention all the errors of style that can be 
committed, but the following are the most 
common. A good many of them will be 
found to have been exemplified in the letter 
given above. 

1. Irrelative Uee of Worde. Words are 
often left without any relation whatever 
Examples : 

“ Your guilt is as great or greater than his,” 
where as has nothing to which to relate. 

“ He is not only acquainted, but well versed 
in English literature,” where acquainted should 
be followed by with, to bring it into relation with 
the rest of the sentence. 

Having crossed the stream, the banks on 
either side fell in,” where having crossed has no 
relation to any other word of the sentence. As 
it stands, it a^ees with hanks ; but the banks 
did not cross the river. 

“ Alarmed at the appearance of the sky, a 
terrific peal of thunder shook the house, so that 
he ran out,” where alarmed is not related to 
any other word. Grammatically, it agrees with 
peal of thunder, but it was not the peal of thunder 
that was alarmed. The subject of the main 
sentenee should, of course, be he. 

Such errors as these are usually due to forget- 
fulness or a sudden change of mind on the pait 
of the writer or speaker. In the following sen- 
tence, for example, “ I would as soon perish in 
the lowest depths of the sea — yea, die the most 
degradiim death that is possible to man or 
woman, beast or brute, than I would accept life 
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on the terms you offer,” the writer forgets that 
he has started with as soon,” and imagines that 
he has said, ** I would rather perish/ Hence, 
the use of liuin. There is need of great care to 
avoid errors like these. especiaUy in long and 
involved sentences. 

2. Wrong Order. Many errors arise from 
a wrong or misleading order of words. 

As a rule, a sentence should run in its natural 
order : Subject (and its limitations), predicate; 
object (and its limitations), adverbial limitations 
of the predicate — as ; “ The dying hero spoke 
words of consolattor and of cheer in the midst 
of his mortal agony.” 7or the sake of emphasis, 
or for certain other reasons, the order may be 
altered. But whatever be the order, the im- 
portant point is that the meaning shall be clear. 

Great care is needed in dealing with relative 
pronouns, lest they seem to refer to a sub- 
stantive which is not intended to be their 
antecedent. For example : “He threw a pint 
pot at her head, which smashed into a thousand 
pieces.” “ Much energy was displayed by Mr. 
nmith in running down the street after his silk 
hat, which he felt might have been devot^ to a 
better purpose.” The only way of avoiding this 
pitfall is to place the antecedent immediately 
before the relative — thus : “ He threw at her 
head a pint pot,” etc. “ Mr. Smith, in running 
down the street after his silk hat, displayed an 
amount of energy,” etc. 

Kqual care is necessary in dealing with adverbs 
or adverbial phrases, as these have an awkwai*d 
knack of appearing to qualify words which they 
are not intended to qualify. The following 
examples are among those given by Dr. Gow 
in his book, “ A Method of English ” : 

“ He blew out his brains after bidding his 
wife good-bye with a gun.” 

“ The Moor seizing a bolster full of rage and 
jealousy smothers her.” 

“ Erected to the memory of John Phillip 
accidentally shot as a mark of affection by his 
brother.” 

“ He was driving away from the church where 
he had been mairied in a coach -and-six.” 

“ The young man coloured with pleasure and 
promised to return in quite a gratified tone of 
voice.” 

8. Misplacament of EmphaaU. In a 

complex sentence, errors often arise through 
misi^oement of emphasis. A sentence which 
ought to be independent and stand alone 
is sometimes thrown into the form of a sub- 
ordinate clause. It thereby loses the emphasis 
that should attach to it. This is especially the 
case with relative pronoiui% and adverbs. For 
example, the full force of “He called me a liar, 
and then 1 struck him ” is not adequately repre- 
sented W “ He called me a liar, \^en I struck 
him.” Similarly, with “ I have said it, and I will 
do it,^’ and “ I have said il, which I will do.” 

Two co-ordinate sentences, each of which 
ought to stand alone, cannot be thrown into the 
form of a single complex sentence (one of the 
two becoming a suWdinate clause) without 
loss of meankiig. Thus, “ 1^, having a bitter 
taste, makes a mark on paper ” is not a good 
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substitute for “ Ink has a bitter taste : it also 
makes a mark on paper”; for its making a 
mark on paper is not a consequence of its having 
a bitter taste. 

For clearness of style and simplicity of 
language the Authorised Version of the English 
Bible is hard to. beat. Next to that, perhaps, 
a study of Ruskin's writings will give one an 
idea of beauty and simplicity of style. Let a 
man read notmng but these for three months, and 
he will find his s^le growing simpler and clearer, 
and at the same time more dignified. When he is 
well saturated with their spirit, he can turn 
without harm to exponents of other styles. 
He can read Carlyle without falling into his 
faults, and can pass unscathed through the 
most flowery and ornate sentences of the late 
Dean Farrar. But each man has a style of his 
own for which he is adapted by nature. There- 
fore let his study of the - great sty fists be 
rather for the perfecting of his own particular 
gift than with the idea of slavishly imitating 
another’s. 

READING ALOUD 

Reading aloud seems to be almost a forgotten 
art. Our grandfathers and grandmothers were 
adepts at it ; but as it is a process that takes some 
time, it does not appeal to the present generation. 
Even our public readers, such as the clergy and 
ministers of all denominations, seem to think 
that anything will do in this connection. With 
few exceptions, the occupiers of our pulpits 
are utterly incompetent readers. It is, however, 
an art that is well worth cultivating. It can 
give great pleasure, it can become one of the 
most potent educational agencies in the world, 
and — to put it on its lowest level — it may help 
one very materially to benefit his position 
in life. 

(clearness is here, as in style, the main object. 
We need first to grasp the writer’s meaning, and 
then to convey that meaning as adequately 
as possible to others. Hurry is fatal to reading 
aloud. A passage tliat is gabbled over loses its 
intelligibility for the hearers. Emphasis is also 
a most important point, a whole passage being 
often “ murdered ” by a mistake in this respect. 
Finally, we must strive to avoid monotony ; 
nothing is more dreary than to listen to a reader 
who ends every sentence in exactly the same 
key. If anyone wants an .agonising example 
of this, let him listen to a bad reader reading 
one of the longest psalms in the Psalter. The 
inflection of the voice should be carefully 
studied, so as to give as much variety and life 
as possible to the subject-matter. 

Value of Emphasis. Most people when 
asked if they can rOad aloud will promptly answer 
“ Yes.” Let us take warning from the fate of 
a young American student m the theological 
seminary at Andover. History relates that he 
had an excellent opinion of his own talent in 
elocutimi, and that he once asked his professor, 

“ What do I specially need to learn in this 
department ? ” 

You ought just to learn to read,” said the 
professor. 

“ Oh, I can read now t” replied the student. 



Tlie pofessor handed him .a New Testament, 
and aak^ him to read St. Luke xxiy. 25. 
The studmit read, ** Then he said unto them, 
O fools, and slow of heart to hdiwt all that the 
prophets have spoken.*' 

“ Ah, 1? said the professor, “ th^ were fools 
for hdieving the prophets, were they ? ’* 

Hiat was not right ; so the young man tried 
again. 

“ O fools, and slow of heart to believe aU that 
the wophets have spoken." 

“^e prophets then were sometimes liars T” 
asked the professojr. 

" No. 0 fools, and slow of heart to believe 
all that the prophdUt have spoken.” 


" According to this reading," the professor 
su^t^ted, " &e projects were notorious liars." 

^is was not a satisfactory conclusion ; and 
so another trial was made. 

0 fools, and slow of heart to believe all that 
the prophets have spofcen." 

1 see now," said the professor ; " the prophets 
wrote the truth, bur they 9pokt faladKxxh. 

[Quoted by W. H. Groser in his " Teacher's 
Manual.”] 

Surely it is worth an effort to become good 
readers. Ten minutes a day spent in careful 
deliberate reading aloud woukl soon make a 
great difference in the delivery of the average 
person. 


Continued 


FRENCH 


By Louis A. Barbe, B.A. 


DEMONSTRATIVE ADJECTIVES 

, The demonstrative adjectives are : ce, cet, 
ceUtt this or that ; c€s, these or those. 

Ce, this, that, is used before a masculine 
sih^lar noun, b^inning with a consonant or 
aspirated h : ce vUlage^ this village ; ce hameau, 
that hamlet. 

C^T, this, that, is used before a idasculine 
singular noun beginning with a vowel or silent 
h : cet arbrct this tree ; cei habit, that coat. 

Cette, this, that, is used before any feminine 
singular noun : ceUe pelouaCf this lawn ; ceUe 
auherge, that inn ; cetie herhe, that grass ; cette 
hirpe, that harp. 

Cbs, these, those, is used before all plural 
nouns ; ces villages, ces hameaux, ces arhrea, 
ces habits, ces pelves, ces auherges. 

There may be qualifying adjectives between 
the demonstrative and the noun : ce petit village, 
re grand arbre, cette vieille maison, ces belles 
ffeurs. 

Of themselves, the demonstrative adjectives 
mean both " this " and “ that," in the singular, 
and both " these " and " those " in the {dural. 

When it is required to distinguish between 
nearer and more remote objects, ci ( = id, here), 
and Id (there), are respectively placed after the 
noun, and joined to it by a hyphen : ce hijou-ci 
c.st '^us precieux que ce hijou-ld, this jewel is 
more valuable than that jewel ; ces tableaux-ci 
8ont plus beaux que ces tableaux-ld, these pictures 
ai ‘0 finer than those pictures. 


POSSESSIVE ADJECTIVES 


The possessive adjectives are : 
Masculine. Feminine. 


^ 

. .mon 

ma 

Tfiy 

. .ton 

ta 

His and Her 

. .son 

sa 

Our . . . .s . 

. .notre 

notre 

Your 

. .vutre 

votre 

'I'hoir 

. .leur 

Umr 


Plural. 

mes 

tea 

ses 

nos 

VOS 

leurs 


2. Possessives agree, not with the possessor, 
as in Ekiglish, but with that which is possessed, 
thus ; mon pire, my father ; ma mire, my 
mother ; mes enfants, my children. Conse- 


quently, son pire, means both his father and 
her father ; sa mire, his mother and her mother; 
ses enfants, his children and her children. 

3. Mon, ton, son are not always masculine. 
They are also used instead of ma, ta, sa before 
feminine words beginning with a vowel or 
silent h, thus : ignorance, errexir, and histoire 
are feminine, but we say mon ignorance, ton 
erreur, son histoire. 

4. When, from the other words in the sen- 
tence, there can bo no doubt as to the possessor, 
the definitive article is used instead of the 
possessive pronoun. This is particularly the 
case with regard to parts of the body : J'ai mat 
d la t6te, 1 have a headache ; liez-lui les 
mains derriere le dos, tie his hands {lit. to 
him the hands) behind his (the) back. 

6. The use of the definite article instead of 
the possessive adjective is very general in 
descriptions of personal appearance. Possession 
is then expressed by means of the verb avoir : 
His hair is black, il a les cheveux noirs ; her 
eyes are blue, Elle a les yeux bleus. 

Exercise X 

1. There are no large houses in that village. 

2. Those large trees are oaks (ch&nes). 

3. These children are the sons of that barrister. 

4. This house is <^er than that house. 

6. That child is the most industrious (applique), 
pupil in the class. 

6. Have you spoken to that gentleman and 
to those ladies ? 

7. Why (pourquoi) have you put (mis) my 
books on that table ? 

8. Your brother has bought those horses. 

9. This little boy and that little girl are very 
amiable. 

10. I have not yet (encore) read (lu) those 
papers (journal). 

11. When (quand) those, children are well- 
behaved (sage) their mother is happy (heureux). 

12. Our parents are our best friends. 

13. That young lady has black hair and blue 
eyes. 

14. The boy speaks to his mother, and his 
sister speaks to her father. 
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COMPOUND TENSES 


The pa»t indefinite {pas«e indifini) of verbs 
(usually called perfect in English) is formed by 
adding the past participb {partieipe paaae) to 
the present indicative of avoir^ to have. 

The past participle of avoir is c^^. 

The past participle of etre is He. 

The past participle of verbs of the first 
<‘onjugation (verbs ending in er in the infinitive) 
always ends in thus : aimer, to love, aime, 
loved ; donner^ to give, donne^ given. 

Tenses which, like the past indefinite, consist 
of an auxiliary and a past participle, are called 
compound tenses. 


Past Indefinite of 
Avoir : 

I have had, etc. 
fai eu 
tu as eii 
il a eu 
elle a eu 
nous avons eu 
mus avez eu 
ila ont eu 
elles ont eu 


Past Indefinite ot 
Etrb : 

I have been, etc. 
fat tti 
tu as He 
il a He 
elle a He 
nous avons He 
vous avez He 
ils ont He 
elles ont He 


Past Indefinite of Aimer : 

I have loved, etc. . 
j'ai aime 
tu as aime 
il a aime 
elle a aime 
nous avons aime 
WHS avez aime 
ils ont aims 
eVes ont aime 

In compound tenses in whicli amir is the 
auxiliary verb, the past participle does not agree 
with the subject. 

In compound tenses the negation is formed 
l)y putting ne (n’) between the subject and the 
auxiliary, and pas between the auxiliary and 
the past participle. 


Past Indefinite Conjugated Negatively : 


Avoir. 

I have not had, etc. 
je n'ai pas eu 
tu n'as pas ew 
il n’a pas eu 
elle na pas eu 
mms n" avons pas eu 
mus n avez pas tu 
ils nont pas eu 
elles n'ont pas eu 


^TRE. 

I have not been, etc. 
je n'ai pas He 
tu n'as pas He 
il n’a pas He 
elle n'a pas He 
nous n'avons pas He 
vous n'avez pas eU 
ils n'ont pas He 
elles n'ont pas He 


Aimbr. 

I have not loved. 
je n'ai pas aimS 
tu n'ets pas aime 
il n'a pas aimi 
elle n'a pas aime 
nous n' avons pas aime 
vous n'avez pas aime 
ils n'ont pas aimi 
elles n'ont pas ainU 


NEGATIVE EXPRESSIONS 

The expressions with which a verb may be 
conjugated negatively are : 


ne . 

. . pas, not 


ne . 

. . point, not (stronger than ne . . 

. pas) 

ne . 

. . que, only, nothing but 


ne 

. . plus, no more, no longer • 


ne 

. . jamais, never 


ne . 

. . giiH^e, not much, hardly 


ne . 

. . personne, nobody 


ne . 
Thus : 

. . rien, nothing 



It n'a pas de limes, he has no books. 

Il n'a pas eu de peine, he has had no trouble. 

1 1 n'a point d' argent, he has no money at all. 

Il n'a plus parle, he spoke no more. 

Il ne parle guhe, he does not speak much. 

Il ne lit jamais, he never reads. 

1 1 n'a jamais lu, he has never read. 

When “ nobody ” and “ nothing ” are the 
objects of a verb, ne precedes the verb and 
personne or ricn follows it : 

je ne vois personne, I see nobody. 

But, with compound tenses, whilst rien comes 
between the auxiliary and the past participle, 
according to rule, personne comes after both 
auxiliary and past participle : 

je n'ai rien vu, I have seen nothing. 

je n'ai vu personne, I have seen nobody. 

When nobody ” and “ nothing ’ ’ are subjects of 
a verb, their place is before both ne and the verb : 
personne ne parle, nobody speaks. 
rien n'empiehe, nothing prevents. 

When any of these negations are used without 
a verb there is no ne : Who has spoken ? 
Nobody. Qui a parle ^ Personne. 

In nc .. . que, the que comes after the verb 
in both simple and compound tenses : 

Je ne vois que votre frere, I see only your 
brother ; je n'ai vu que votre frere, I have seen 
only your brother. Ne ... que does not pre- 
vent the use of the article as well as de to express 
the partitive meaning, as do the other nega- 
tives : je n'ai vu que des arbres, I have seen 
nothing but trees. 

Note. In the following exercise special 
attention must be paid to the use o-f the definite 
and of the partitive articles, as explained in the 
earlier lessons. 


Exercise XI 
Recapitulatory 


une amande, almond 
tin dne, ass 
un animal, animal 
le hosuf, ox 
le hois, wood 
le chacal, jackal 
le champ, field 
la ohevre, goat 
le Men, dog 
le corps, boay 
un ecureuil, squirrel 
une espH^e, species, kind 
une Hoile, star 
un Hre, being 
le gland, aicom 
nne kistoire, hi dory 
un interieur, interior 


le li^vre, the hare 
le lion, the lion 
le loup, wolf 
le mineral, mineral 
le mHal, metal 
la noisette, hazel-nut 
un oiseau, bird 
une oreille, ear 
la plante, plant 
le poll, hair (of animals) 
le rlgne, kingdom (of 
Nature) 
le renard, fox 
le tigre, tiger 
la variHii variety 
f? vegHal, vegetable 
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ogUt, Active long 

ardent, mettlesome, naturel, natural 

spirited aert;ett:r, vigorous 

bon, good, kind, gentle npmbreux, numerous 

capricieux, capricious, nuieibU, injurious, hurt- 

frisky ful 

courageux, coiira^^us patient, patient 

court, short rohn&te, hardy 

cruel, cruel rude, rough, coarse 

docile, docile eauvagt, wild 

domeatique, domestic eobre, temperate 

feroce, ferocious, savage timide, timid 
fitr, proud tranquille, quiet 

fort, strong vagabond, fond of wan- 

fotufueux, fiery dering 

impetueux, impetuous vigetal, vegetaV»le 

int^easant, interesting vtf, quick 

l^er, light, swift vivant, living 

composer, to compose semer, to scatter 

etudier, to study passer, to pass 

tnanger, to eat 

comme, as, like tr^s, very 

ejctrememerU, exceedingly ou, or 
fort, very 

Natural history studies plants, minerals 
and animals. Plants or vegetables compose 
the vegetable kingdom. Plants are scattered 
on the earth like stars in the heavens. Minerals 
are bodies in the interior of the earth. Metals 
are minerals. In the natural history of animals 
an infinite variety of living beings pass before 
our eyes. The species of animals are more 
numerous than the species of plants. The 
animals the most useful to men are domestic 
animals. Amongst the domestic animals are 
horses, asses, oxen, cows, ’ sheep and goats. 
Horses are proud and spirited, but they are as 
docile as courageous. Horses are more elegant 
than asses and than oxen. Their ears are loss 
long than the oars of asses. They are not so 
short as the ears of oxen. There arc wild horses. 
They are stronger, swifter, more vigorous 
than domestic horses, but they are loss useful. 
Asses are gentle, temperate, and useful. Tliey 
are as patient and as quiet as horses are proud, 
fiery and impetuous. Dogs also are domestic 
animals. There are wild dogs, but they are 
savage. They are as savage as wolves and as 
jackals. Goats are not so useful to men as 
sheep, but they are very useful. Their hair is 
rougher than the wool of sheep. They are 
stronger* lighter, more active than sheep. 
They are lively, hardy, frisky, and fond of 
wandering. Amongst wild animals, lions and 
tigers are the most savage and the most cruel. 
Foxes are wild also, but they are not so savage 
as tigers. They are less savage than jckckals. 
Hares are wild, but they are not hurtful. They 
are exceedingly timid. Squirrels also are very 
timid little animals. They are very pretty and 
very interesting. Th®y fruits, almonds, 
walnuts and acorns, ^ere are no squirrels 
m the fields. They are in the woods on trees, 
like birds. 


L;ANouAom--rasiiOM 


Kby to Exercise VIII. [page 1339] 

1. La Boeur du jeune bomme a de gontils 
petite enfants. 

2. Les vieilles maisons ont de grands jardins. 

3. Le mois de d6cembre est le dernier mois 
de Tann^. 

4. II a achet4 un vilain gros chien la semaine 
derni^re. 

5. Us demeurent dans une grande maison 
blanche pi^s du ch&teau ruin6. - 

6. II y a deux tables rondos dans la . 
petite chambre carr^e. 

7. Avez-vous de I’encre rouge ? 

8. Non, mais j’ai de I’encro noire et do 
Tenore bleue. 

9. La langue frangaise est une langue romane. 

10. L’Espagne est un pays catholique ; 1’ Angle- 
torre et Thcosse sent dos pays protestants. 

11. L’enfant prit I’argent d^une main trem- 
blante. 


12 La vieille ^glise est pr^s du pare public. 

13. Le pasteur fran^ais est un hommo tr^s 
intelligent et tr^g instruit. 

14. II n’y a pas do rem^des infaillibles. 

1.5. Un bravo hommo n’ost pas ton jours un 
h'jmmo bravo. 


10. Un hommo riche pout etre un pauvro 
hommo. 

17. Un fosse largo et profond defend Tap 
proche du vieux ch&toau. 

18. Paris est uno grande et btdle ville. 

19. Ils ont rencontr6 des difficult^s instir- 
montables. 

20. Nous avons parl(^ a un jeune horamt^ 
tr^ aimable. 

Key to Exercise IX. [page 1340] 

1 . Le chaval est plus grand que r&ne, aussi 
grand que le boouf et moins grand quo I’^l^phant. 

2. Los chats no sont pas si fidMos que les 
chiens. 

3. Le tigro est le plus f^rooo des animaux. 

4. Mos plus beaux tableaux ot mos moillours 
livres ne sont pas ici. 

.5. Void le mioux connu dos romans de Dumas. 

6. II demeure dans la plus petite maison du 
village. 

7. La moindro difiiculte decourage lea olives 
parosseux. 

8. II a passe plus do trois mois on Franco. 

9. Trois chats mangent moins que deux chiens. 

10. Le loup a mangj plus do trois brobis. 

11. L’or est moins utile que lo fer ; Tor ost 
le plus pr^cieux, mais le fer est le plus utile dos 
metaux. 

12. La montagne la plus elev6o do TEcosse 
a plus de quatre mille piods. 

13. Voilii un d'^ ^feves les plus intelligents 
de la classe. 

14. La plus jolie des deux sooirs n’est pa^ 
la plus aimable. 

15. Les fruits les plus amers sont souvoni 
les plus sains. 

16. Le remMe est souvent pire que le mal. 

17. Les. m^ecins sont plus utiles que les 
avocats. 

18. On a souvent besoin d’un plus petit quesoi. 


Continued 
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GERMAN By P. G. Konody and Dr. Oaten 


XVlll. In the Strong Conjugation of 4. The imferativt of the strong verbs i« formed 
Vbbbs [see X.] the characteristic features are as in the weak conjugation [see XIV. 3] : 

the formation of the imperfect by changing the 2nd per. sing. bUib(c)! stay, remain! 2nd per. 

stem'Vowel and of the past participle by the sing, ic^reib! write! Civil address: bUibrn ^ie! 

suffix -f tt or -n with or without change of the st^ ! ! write ! 

stem-vowel, and with or without the prefix The verbs with the stem-vowel e change it in 

[see XIV.]. The stem- vowel is also changed or the singular into i or ie without suffix; fcefir-en, to 

modified in som^ cases of the present indicative fence, flt^t ! ^ eb-en, togive, ^ieb ! rff-rn, to eat, i$ ! etc. 

and in the imperfect conjunctive. The circumscribed forms of the imperative are 

1. Ihe present tense of the verb f^reiben, to formed as in the weak conjugation [see XIV. 4, 5]. 

write, may serve as example for the inflections XIX. The Imperfect Indicative of the 
of the strong verb. strong verbs is formed by changing the vowel 

Imicative Conjunctive in all persons and numbers; a further change 

Sing. 1. id) fd^reib-e I write fc^retb-e of the changed vowel takes place in the past 

2. bu fc^reib (e)ft thou writest bii fdjreib-cjl participle. The third person singular of the 

3. <t fcbrcib-(ejt he writes er fcbreib-e imperfect indicative takes no inflection, and 

Plur. 1. irir fd^reib-fii we write irir fd?vcib-fii the second person takes the inflection -c^ after 

2. iljv fd)«ib-ct you write il)v f(^reib-et hissing sounds) or : bUf-cn, to blow, 2nd pers. 

3. jie f(brfib-cn they write (if fd)reib-«t sing, bu blief-ffl, thou blewest ; but : blfib-en, 2nd 

In the conjunctive the fleotive e can never be pers. sing, bu b(ieb-ft. The inflections of the plural 

dropped; it is also better to retain it in the (l. -rn, 2. -et, 3. -fit) are to be seen below in the 
second person indicative of verbs with stems conjugation of the imperfect of to sing, 

end np; in hissing sounds: if, ff, fdi, where the which belongs to the group of verbs that change 
omission would cause harshness — for instance; their vowel -i- in the imperfect into -a-, and 
bn thou shooter t etc. In some of change it further into -n- in the past participle 

these verbs both forms are used, as : 1. id) with the suffix -ca and the usual prefix The 
vcvflcjTc, I forget ; 2. bit and bit bet^i^-t,etc. present, imperfect, and past participle of fin^cn 

2. The majority of verbs with the stem- are; pres.: (idj) fiinv^; imp.: (idj) fari^* p, past: 
vowel a, au, and some with o (a) modify it, and ^c-fuUQ-ca. 

others (6) change the stem- vowel c into i or if Imperfect 

in the second and third person singular of the Indicative Conjunctive 

indicative, and cast off the flective f. Sing. 1. I sang id) fiug-e 

Examples: {a) 1. id) ^mbc, I dig; 2. bu f|rdb|l; 2. ba faiuj-ft bu faag-efl 

3. tx c\vabt. 1. icb fanc^c, I catch; 2. bufdii^jl; 3. ev fang cr fdng-c 

3. cr fdiigt. 1. ici& lauff, I run; 2. bu Iduffl; 3. er Plur. 1. iriv faiig-cn «?ii* fdng-ea 

(daft, etc. (6) 1. id) ffd)tf, I fence; 2. bu jtd)jl; 2. il)v fang-(f)t il)v fang-et 

3. fr fic^t, 1. ic^ g<be, I give; 2. bit gicbfl ; 3. cv gifbt. 3. fang-eu (te fdug-en 

(The conjunctive remains unaltered; 1. it^ 1. In the Conjunctive the verbs modify the 
gvabe; 2. bu grabcfl; 3, fr grabe, etc.) vowels (a, i\ u, or an) of the imperfect indicative, 

3. Several of the verbs mentioned in 2, with and take the same suffixes as the present tense 

stems ending in t, tl), and b, drop not only the of the conjunctive [see example and XVIII]. 
flective f, but also the 1 of the inflection of the Some verbs with the imperfect vowel a are 
third person singular indicative: 1. id) vat^f, (o) alternately used with the modified d and i\ 
I advise; 2. bu ratl)(c)fl; 3. fv rdtl^, etc. and others (6) take the modification u instead of d. 

Imperfect 

Conjunctive 
id) bfgdmi-f or begenu-f 
„ bffdnn-c or befcnu-c 
„ gdlt-f or grit-c 
„ gfivduu-c or gcn>eun-c 
„ i>duu-f or fiTUit-f 
„ fc^wdmm-f or fchu'cmm-c 
„ rduii-f or vcmi-c 
„ befd^l-f or Mct)l-f 
„ fiuvfdl)l-c or futbfi'l)l-c 
„ jidbl-f or fibbl-c 
„ fd)dlt-f or fcbclt-c 
„ jldub-f or (lunb-e 

id) t)ulf-c 
„ fturb-e 

„ v'frbuvb-c " . 

„ murb-c 
„ iviirb-f 
„ wftrf-c 


Infinitive 

Indicative 

To (a) belong: bfgiuu-fii, to commence 

id) began u 

bf(iun-cu, to reflect 

„ bffaim 

grit-fu, to be worth 

„ gait 

iv)rinu-fu, to win 

„ getranu 

hnnu-eii, to spin 

„ fbann 

f(^U)imm-fu, to swim 

„ fc^amm 

viiin-fu to flow 

„ rann 

bfffl)(-en, to command 

„ uw 

cmvfe^l-cu, to recommend 

„ fuu'fa^C 

flfbl-eit, to steal 

„ m 

f(!^elt-fu, to scold 

„ fcbalt 

(exception) fle^-fu, to stand 

„ ilanb 

to (6) belong: l)flf-fn, to help 

„ Mf 

jlfrb-en, to die 

„ (larb 

wrbcrb-cii, to spoil 

„ »frbarb 

Merb-en, to enlist 

„ luarb 

nxrb-en, to become 

„ mrb 


iwrf-en, to throw „ uxiTf 
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The form with d in group (o) is usually not 
employed where, in the pronunciation, the 
phonetic similarity of the imperfect conjunctive 
with other tenses of the same verb might lead 
to ^nfusion, as in ic^ bcfd^lc, fd)ciUc, 

which sound simQar to id} bef^blf, cmvfej)lf, 

For the same reason the form with d has 
been entirely abandoned in group (fc). 

2. Verbs which admit of no rtiodificcUion of 
the changed indicative vowel in the conjunctive 
form this tense by the suffixes show'n in the 
conjugations! example of XIX. 

Exas^lss: fcbrcibcn, imperfect indicative 
fdjritb (ic not modifiable); imperfect conjunctive 
id) fd)ricb-f, etc. ; bcijeti, to bite, imperfect indi- 
cative ic^ bi6 (i not modifiable) ; imperfect con- 
junctive id) bii)-c, etc. 

Where the modified conjunctive vowel coin- 
cides with another tense, it is best to use the 
first ccmditional [see Table V., page 747] in the 
place of the imperfect conjunctive— c.g , in the 
verb fd))ttn-fu, to vow' [imperfect indicative id> 
fd)tror (or fd)U'ui)] ; the imperfect conjunctive, 
v)^ith modification of the vowel, id) fcbu'cv-c (or 
id) fd))puv-e) coincides with the present indicative. 

1. i(h fcbU'cv-f ; 2. tu fcbtrcv-ft^etc. Theemployment 
of the first conditional „id) n'urtc fcbu'CTon" [infini- 
tive of the verb and imperfect conjunctive of 
the auxiliary verb [sec Table V., page 

747] prevents misunderstanding. 

XX, The Adverbs arc not, of course, subject 
to inflection by declension or conjugation. 

Adverbs of 'place: f)icv, ta, here ; tort, ba, there; 
obm, above ; untcu, below : I'crn, in front, before ; 
f)intcii, behind, after; inncti, within; au^cn, out, 
without; fort, away, forth; meg, away, off; 
bcvaiiei', out; l^inViii, in, into; »or'mart«, forward, 
on; viicf'mdrUS backwards; etc. 

Adverbs of time : mann ? when ? bami, then ; 
now; feeben, just now; f)c«'te, to-day; gcTtcvn, 
yesterday ; cinfl, once ba'maltf, then, at that time ; 
immcr, always, ever ; feften, rarely ; iiic, iuc'walt\ 
never; j^umei'lcn, sometimes; fd)rn, already ; nod), 
still, yet; f)irvauf, hereon, hereupon: niiii, now, 
at present; etc. 

Adverbs of manner, demee, quality, affirmation, 
negation, etc . ; fo, so, thus ; fft)r, very ; jiemlid), 
tolerably, pretty ; menig, little, few ; meift, uiciftcn^', 
most, mostly ; umfonft', in vain ; fer'ncr, further- 
more, besides ; fajl, bcina'^c, almost, nearly ; faum, 
scarcely ; gang, quite ; nur, only, but ; aUeibingy, 
surely, certainly; fcinc^fafl^, hincomeg?, by no 
means; ))ief(cid)t', perhaps; ungcfdl)v, about; 
ia, yes • ncin, no ; not ; etc. 

Adverbs of cause: %irum, bc^l^Mlb, therefore; 
fclg'lid), consequently ; alfc, thus ; baf)<r', thence ; 
marum', mr^u' ? why ? etc. 

1. Nearly all adjectives can be used adverbially 
without undergoing any change of form. In 
the sentence : Partner ift flex^ig (the gardener 

is diligent) the adjective flei^tg qualifies the 
substantive; whilst in ter ©drfner arbeitet jici^ig 
(the gardener works diligentZy), it modifies as 
adverb the action expFe«»ed by the verb. 

Some adverbs and adverbial denotations are 
formed from substantives, adjectives, and verbs 
by the suffixes -S, -fl, 4ing^, etc. ; (abenb d, 
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or M Iftbtiib in the evening, of an evening ; 
wergen^, in the morning ; iuugjl, lately; fveilicb, 
cerUinly, indeed; ueiilid), recently ; begmf I i cb , 
conceivably; ntcud)Uug«, treacherously; Miub: 
liiig^, blindly; etc.), or by connection with 
prepositions, etc. 

2 If a sentence opens with an adverb, the 

normal position of the finite verb is changed 

the verb in this case must precede the subject. 
Examples: id) bin l)ift (I am here), but f)iec bin 
; er femmt nic (he never comes), but nic fommt 
tr; bfv ©artuer arbeiret fln^ig, but flci^ig avbfitcf 
bet (Mdrfncr. It will be seen that verb and 
subject are here in the same relative positron as 
in the interrogative form [see IX.]. 

3. Some adverbs admit the use of the com- 
parative and superlative, like the adjective.s, 
but the formation of the adverbial superlative 
differs from the superlative in adjectives, as will 
be seen later. 

EXAMINATION PAPER VI. 

1. By w hich suffix is the past participle formed 
in the strong conjugation ? 

2. What is the characteristic feature of the 
present tense in the conjunctive ? 

3. What changes and modifications of the 
stem-vowel can occur in the presemt tense 
indicative of strong verbs, and in which 
persons ? 

4. How do strong verbs with the stem-vowel 
c form the imperative in the second person 
of the singular (familiar address) ? 

5. What are the inflections of the strong 
imperfect indicative in the singular, and in 
which instances does the socond person take 
the inflection ufith or without tho vowel ? 

6. Which verbs modify the vowel in the strong 
imperfect conjunctive, and what suffixes 
do they take in this Umse ? 

7. Which are the modified vowels that can be 
employed alternately in the strong imperfect 
conjunctive of some verbs ? 

8. Under what conditions is it advisable to 
use tho first conditional in place of the 
imperfect conjunctive ? 

9. Is there any difference between English and 
German adjectives, when used adverbially ? 

10. By which suffixes can adverbs and adverbial 
denotations be formed from other nouns ? 

11. What is the position of the finite verb in 
sentences and clauses introduced by adverbs, 
and in which category of sentences does 
the finite verb occupy a similar place ? 

Exercise 1 :• Fill in the missing verbs with 
their correct personal terminations : 

(Per ; cr .... feiiuu $errn. Xu 

The dog bites ; he bit his master. Thou cheatest 

* Strong verbs used ift this Exercise (the 
imperfect vowel in brackets) ; beijoi (i), to bite : 
Kiriiftfu (o), to cheat; biuten (a), to bind; cjcbm(vr), 
to give; fa()rm (n), to drive; Wafnt (le), to sleep; 
iaixftn (if), to run; l)e(fm (a), to help; nifcn (if), 
to call; ffd^tm (o), to fight; grabfii (ii), to dig; 
flif^eu (o), to escape. 
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frtBfl : mi$. iDu ©(urnen ; 

thyBelf ; you cheated me. Thou bindest flowers ; 

bad 9Wab(^n tinen .ftrati;; ; ber rtrag .... i^n. 

the girl bound a wreath ; the agreement binds him. 

:.>d^ tf>m (iiflb, «nb er fart ; 

1 gave him money, and he drove away; 

\&j nit^td; bu ttiir bod ^flb, 

I give nothing; thou givest me the money, 

unb er bit ben Sertrag. 3Bir 

and he gives thee the agreement. We drove 

fort unb ; i^t i^n, abet er ; 

away and slept; you called him. but he slept; 

bu rorijiifltic^. . . . unb er . . . . 

thou sleepest excellently. 1 drove and he ran 

fort. JDu tttidj. siiiir bie 

away. Thou scoldest mo. We boimd the 

'^lunten unb il^r und. 3IUr cuc^ SlKed, 

flowers and you helped us. We gave you all, 

boc^ l^r uud iiid)td; <£ie , tol^renb 

but you gave us nothing ; you fought, whilst 

dr tnit unb bann fort; 

I slept. He helped me and then drove away ; 

bu QUt; er oorjjugiii^; 

thou fightest well; he fights excellently; 

i^v tabffv. dc TOit(3) it)m 

you (pi.) fight bravely, He drives with him 

uttb brn ©Irtner; fie wit i^m; 

and calls the gardener ; she esoape'd with him ; 

'«ie ben (SJdttner unb il)m (SJelb; 

you called the gardener and gave him money; 

fie il^rem STOanne; fte cinanbet; 

she helps her husband ; they help one another ; 

Conllnued 


<Sie bu er wir . . , . , 

you (p/.) sleep, thou drives!, he runs, we dig, 

i^r und unb fie id^ . . . . ; i^r . . . . 

you help us and they fight ; 1 dug ; you helped 

mir anb cr mir didb! 

me and he escaped. Givef^tng.) me money! 

mir ! mit mir ! mi^ ! 

Help (atng. ) me ! Fly (sing . ) with me ! Call (pi . ) me ! 

tavfrt ! 9Ut ! 

Fight («tng.) bravely ! Fight ) well! Give (pi.) 

mir '(^elb! (Eie mir 

me money ! Give me (civ. addr. ) money ! Fly (2^1. ) 

mit und! (£ic mit mir! 

with us ! Fly (civ. addr. ) with me ! 

Bxercise 2. Put the adverbs of the following 
sentences at the beginning of each sentence : 

T)\x Meibft ^cute bci mir; ts t(l born; er 

You stay to-day with me ; it is in front ; he 

fui)r bormartd; cr fam ^eraud; pc mar untcn; 

drove on; he came out; she was below; 
mir fa^en il^n bort; cd gcfc^at) focbcn; 
we saw him there; it happened just now; 
mir fameu flc'pcrn; i^r rcifct Ijfutc; aticd 

wo came yesterday; you travel to-day; all 
mar umfonp; cr fommt fcitcu; id) fa^tc cd immcr ; 
was in vain ; he comes rarely ; 1 said it always ; 

(1 alwayk said so) 

cd ip fo ; cr bcmcrftc fcrncr . . . . ; mir rcifcn 
it is BO ; he remarked further . . . . ; we travel 
feinedmc^d; cr bradb bcina^c fcin iBciu; 
by no means; he almost broke his leg; 
i(ft fragic mic^ : mamm? 

1 asked myself ; why T 


i48C 



WORKING OF BIOLOGICAL LAWS 

Group 3 

BIOLOGY 

Mendel’s Experiments with Peas and his Important Discovery His Law 

10 

of Heredity. The Transmission of Definite Characters by Heredity 

from 


jMtKt' 11116 


By Dr, GERALD LEIGHTON 


A Scientific Romance. We now come 
to a phase of the heredity question which is 
at the present moment exciting a vast amount 
of attention, and is the object of a number of 
experiments which are being carried out in this 
country. It is the discovery and the applica> 
tion of a law of heredity at once so simple and 
so far-reaching that the truth or otherwise of 
it becomes a matter of vital importance. The 
discovery of the law and its subsequent 
history is a veritable scientific romance. 

The credit of this remarkable discovery belongs 
to a monk, Gregor Johann Mendel, who was 
bom in 1832, in Austrian Silesia. In 1843 
Mendel entered the cloister of an Augustinian 
foundation in Altbriinn, and became priest in 
1847. From 1851 till 1863 he studied natural 
science in Vienna, and, returning to the cloister, 
became a teacher in Briinn. In 1854 he began 
his remarkable series of experiments in the 
gardens of the cloister, and he continued these 
for about ten years. He communicated his 
results to the Briinn Society of Naturalists, in 
1865, and these were published in the journal 
of that society in 1866. Later he became 
abbot of Briinn, and finallj^ he died in 1884, 
piactically unknown as a scientific worker. At 
the present time his work may be said to be 
dominating the thought of students of the 
phenomenon of heredity, and, such is the 
pathos of life, his name will be immortal in the 
annals of science. His brilliant discoveries 
remained almost unknown, not merely during 
his own life, but for sixteen years after his 
death, as it was not until so recently as the 
year 1900 that his work was rediscover^, 
confirmed, and given to the modem scientific 
world by Professor Hugo de Vries, to whom we 
have already referred. Curiously enough, at 
this lapse of thirty-five yeaxs from the time 
Mendel first communicated his results, the 
rediscovery and confirmation of it came almost 
simultaneously from De Vries in Holland, 
Correns in Germany, and Tschermak in Austria ; 
all in 1900. With the exception of Mendel, the 
history of the study of heredity in the nineteenth 
century is little more than a mass of confused 
and apparently contradictory results, which 
Darwin, in 1868, in his “ Animals and Plants,” 
attempted to reduce to some order. 

Why Other Inveetigatora Failed. 
Looking back now it is easy to see why Darwin 
and others failed to discover a law of heredity. 
It was because of the lack of simplicity in 
methods. They attempted to deal with com- 
plicated cases, and failed to trace events through 
a sufficient number of generations. Mendel 
concentrated his experiments on one species, 
and dealt with simple characters singly ; f^her. 


he worked with large numbers of individuals, 
and continued his experiments through several 

§ eneration8. In this way he was able to 
iscover a law of heredity which will ever be 
associated with his name and which bids fair 
to revolutionise the modem conceptions on this 
subject, and therefore of biology. For the 
following account of Mendel’s work and law we 
are indebted to Mr. C. C. Hurst, of Leicester- 
shire, who is at present carrying out further 
experiments on plants and animals, with a 
view of ascertainmg how far MondeKs law is 
applicable, and in what directions. 

Mendel’s Experiments on Garden 
Peas. After experimenting with several kinds 
of plants, Mendel finally selected the garden 
pea as a suitable subject. Its advantages are 
many and obvious. Most of the races are 
constant, they breed true from seed, and many 
of the characters are quite distinct. Moreover, 
if two sorts are crossed, the hybrids which 
result are fertile, and can be bred from con- 
tinuously. Again, the flowers of the pea are 
naturally self ‘fertilised before the hud opens, so 
that fertilisation by insects does not disturb the 
results. More than that, it is easy to apply 
pollen artificially and in sufficient quantity 
without other pollen affecting the result, because 
the pistil is ripe before the stamens. Then, as 
the pea is an annual, a generation can be grown 
every year, and large numbers obtained in a 
small area of ground. Finally, two characters 
at least — the colour of the seed and the shape of 
the seed — can be determined a few weeks after 
the cross is made, so that two generations of 
these can be observed in a little more than a 
year after the first cross ; and so on through 
many generations. All these advantages make 
the pea an ideal plant for experimental purposes 
of heredity. 

Mendel dealt with single characteristics, and 
watched the effect of crossing different ones. 
That was the secret of his success. The charac- 
ters, or traits, offered by the pea were numerous. 
Thus, he dealt with colour of seed, shape of seed, 
colour of flower, colour of pods, smooth or 
constricted ripe pods, tall and dwarf stems, and 
so forth. The fact that some pea seeds are yellow 
and others green, some flowers purple, others 
white, some seeds round, others wrinkled, some 
stems tall and others dwarfed, enabled him to 
watch each character separately when the 
plant bearing it was crossed with another of 
different type. 

If we examine an ordinary ripe pea s^, it 
will be found to consist of at least two distinct 
parts, the seed-coat, or skin, which easily peels 
off, and the “ cotyledons ” within. The two 
cotyledons are, of course, part of the embryo 
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plant, and therefore, if the seed has been crossed, 
the cotyledons partid^e of the nature of both 
parents. On the other hand, the seed-coat is a 

S urely maternal character like the pod itself. 

moring the colour of the seed-coat, therefore, 
tine colour of the cotyledon within inay be alone 
considered at present. It is further found that 
most pure races of peas may be divided in this 
wiiy into two classes, yellow and green. 

Yellow end Green Peae. Mendel 
crossed a pure yellow pea with pollen from a 
green pea. The resulting offspring were aU 
ydhw peas. He then changed the sexes, and 
crossed a green pea with the pollen of a yellow 
pea. The result was the same, aU yellow peas. 
Sex made no difference. Many repetitions of 
these experiments gave no other result. He 
therefore concluded that pure yellow peas were 
“ dominant ” over pure green ns far as 

this character was concerned, irrespective of 
sex. Now note what followed. Mendel then 
sowed the hybrid yellow peas of this first genera- 
tion and allowed the plants raised from them 
to fertilise themselves individually. The result 
was that each of the plants in the second genera 
tion bore seeds of the two colours ^ yellow and green, 
lH)th colours being found in the same pod. What 
did that involve ? It proved that the character 
of greenness was contained in the hybrid yellow 
pj^, although they showed no indication of it. 
There was no other possible source. The green- 
ness had been latent in the first generation, and 
came out in the second. Since the cross btitween 
the pure yellow and green peas gave hybrid 
yellow peas, Mendel termed the yellow character 
dominant ’* over the green, and the latent 
green character he termed “ recessive” — it had 
receded in the first generation only to reappear 
in the second. This was the first important 
st^. 

The Second Generation. Mendel 
next proceeded to test the yellow and green peas 
of the second generation, and herein snowoa his 
keen appreciation of the problem of heredity. 
He had now two sorts of peas to deal with, 
and yellow, to all appearance like those 
he started with. He first sowed the green peas, 
and allowed the plants to fertilise themselves 
individually. The result was that the peas of 
the third generation all produced green seeds. 
This he repeated for six generations, and in 
each ease nothing but green peas were produced, 
there being no trace of the dominant yellow 
hybrid ancestor. The recessive green character, 
after reappearing, bred true for ever. 

The Important Discovery. At this 

llarlier exTOrimenters had ^ound that 
offspring of hybrids resembled their grand - 

C nts, as did these green peas. Mendel alone, 
3ver, carried the experiment further, to see 
if they bred true. As stated, he found that 
the green peas did so. They were, therefore, 
pure green peas with no taint of yellow, in spite 
of the fact that both jMmenfs were dominant 
yellow and two grandparents likewise. 

But what about the yellow peas of the second 
generation, the offspring of the hybrid yellows ? 
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He allowed these to self-fertilise as before, and 
got an astonishing result. The offspring proved 
to be of tufo distinct kinds. Some were pure 
yellow (just as the greens had been pure green), 
but others were h^id yellow^ and this was 
proved by the way they bred. Some product 
nothing but yellows generation after generation. 
They were, therefore, pure yellow. But others, 
also yellow, produced plants e^h bearing a 
mixture of yellow and green peas, often in the 
same pod, just as their own parents did. The 
pure yellow remained fixed, and bred true to 
type for the six generations in which they were 
tested, while the hybrid yellow peas split up 
into pure yellow, hybrid yellow, and pure green 
peas, as their parents did. Throughout all 
these experiments the pure yellow peas were 
absolutely indistinguishable from the hybrid 
yellow in appearance ; their real nature was only 
to be determined by the nature of their offspring, 
the way they behaved when bred from. The 
pure yellow peas which came from the hybrid 
yellows, and the pure green peas which also 
came from the hybrid yellow, have been 
termed “ extracted ” yellow and green re- 
spectively. 

The Total Result. Summarised, the 
results were as follows : Pure yellow crossed 
with pure green peas produced offspring which 
were all hybrid yellow. These hybrid yellow 
when self -fertilised, produced offspring of distinct 
typos — viz.^ pure yellow, hybrid yellow, and pure 
green. In other words, one of the two distinct 
types (the hybrid yellow) of the second genera- 
tion was really composed of two, but this was 
only discovered by breeding them again. 

This purity of the extracted yellow doininanT;s 
and of the extracted green recessives was 
entirely unsuspected, and it lies at the very 
basis of the Mendelian principles of heredity. 

But this was not all. Wnen Mendel came 
to count up all the individual peas produced in 
the successive generations, he found that the 
characters appeared in a certain definite pro- 
portion of offspring. In the second generation, 
out of 8,023 seeds there were 6,022 yellow and 
2,001 green, practically a ratio of 3 to 1 ; and 
out of 519 plants raised from these yellow seeds 
166 were all yellow seeds, while 353 bore both 
yellow and green imbeds mixed, practically a 
ratio of one pure yellow to two hybrid yellow. 
So that the yellow and green seeds of the second 
generation really consisted of, on the average, 
one pure yellow, two hybrid yellow, one pure 
green ; or, expressed in percentages, 25 per cent, 
pure yellow, 50 per cent, hybrid yellow, 25 pei 
cent, pure green. TTie great and important idea 
of Mondelism, however, lies not in these pro- 
portionate figures, but in the idea of “ gametic 
purity,” the truth that a pure character may 
be carried on by germ-cells through a generation 
which does not exhibit the character to the 
next in which it reappears. 

In MendeFs day it was known that each in- 
dividual plant and animal developed from a 
single germ-cell, and that this cell was, as a rule, 
fermised, and was then the result of the union 
of an egg (from the female) and a sperm, or pollen 



(from the male). Experience showed that a pure 
yellow pea self-fertilised produced pure yellow 
peas ; similarly a green pea produced green peas ; 
and from this Mendel concluded that the pure 
yellow peas gave off e^-cells and pollen-cells 
which contained the necessary factor for produc- 
ing the yellow character, and similarly that 
green peas gave off germ-cells which contained 
the factor for the green character. 

The following graphic representation of 
Mendel’s I.aw will, perhaps, make it clearer. 
Two characters only are dealt with, one of 
which is Dominant (D) over the other, which is 
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expressed by Y — in the egg-cell unites with 
the yellow factor (Y) in the pollen cell, 
the male element with the female element, 
and gives rise to a pure yellow pea of the con- 
stitution YY. In the same way a pure green 
pea itself fertilised, or pollinated, from a pure 
green, gives rise to a green pea QG. When, 
therefore, a pure yellow pea is crossed or 
pollinated, with a g^een pea, or vice versA 
the yellow factor unites with the green factor 
G, and gives rise to a hybrid yellow-green pea 
GY, which looks yellow because yellow is 
dominant. It is really a yellow-green in nature 
and its breeding proves 
this. The important 
idea in the Mendelian 
h 3 rpothe 8 i 8 is that 
the factors Y and G 
which come together in 
fertilisation in the 
hybrid YO still retain 
their identity and in- 
dividuality ; they do 
not really blend. 
Therefore^ when the 
hybrid gives off its 
gtrm-cella {either male 
or female), the factors 
Y and 0 separate 
again, so that each 
germ • cell contains 
either the Y or the 
0 factor, but not 
both. On this hypo- 
thesis, the hybrid 
YG gives off, on an 
average, egg-cells, 50 
per cent, of which 
contain the yellow 
factor, and 60 per 
cent, the green factor. 
Similarly, the hybrid 
YG gives off pollen- 
cells, 50 per cent, of 
which contain the 
yellow factor, and 
50 per cent, the 
green. So that YG, 
self-fertilised, as in 
Mendel’s experi- 
ments, would on the 
average give the 
following different 
unions of germ-qells 
(each lino representing 
one of the four po^ible 
modes of combining 
two distinct char^ 
ters, together with 
the result of such a 
combination) : 
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DIAOBAM ILLUSTRATING MENDEL’s IAW 


Recessive (R). These correspond to any two cha- 
racters such as the Yellow and Green in the text. 

MeadePa Hypotheaia. According to 
this hypothesis, when a pure yellow pea is 
self -fertilised, or pollinated, with another pure 
yellow pea, the yellow factor — which may be 


1 Y (male) -I- 1 Y (female) 1 YY offspring 
I Y (male) + 1 G (female) = 1 YGoffspiing ^ ^ yo 
1 G (male) 1 Y (female) = 1 YG offspring J 
1 G (male) -j- 1 G (female) = 1 GG offspring 

The total offspring of YG, self-fertilised 
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would therefore on the average be found to 
consist of : - 

lYY : 2YG : IGG 

that is, 26 per cent, pure yellow, 60 per cent, 
hybrid yellow, and 26 per cent, pure green. 

Germ>call Purity. The simple idea 
of germ-oell purity in respect of special 
oharactors — **gametic purity, ’^as itis termed — 
is the most important of Menders discoveries,- 
and upon this all the complicated calculations 
of the probabilities of inheritance in the mating 
of individuals are founded. We have re- 
stricted ourselves here to^ the illustration of 
what occurs when a single character is taken — 
namely, seed -colour; but the law applies to 
combinations of characters, and Ix^comes a 
matter of working out by mathematics. 
The interest in the present and future is to 
determine which of ail the characters of plants 
and animals are Mendel ian— that is, conform 
to this law. The list is being added to daily, 
and amongst those characters which have 
been shown to follow this law may be mentioned 
the coat colour of rabbits and horses, as 
well as the eye colour in human beings, all 
of which have been investigated by Mr. 
Hurst. Amongst others, Mr. Bateson and 
Miss Saunders, at Cambridge, have made 
many experiments with garden stocks, and 
with certain characters in fowls, as well as 
with sweet-peas. All these have confirmed 
the truth of the Mendelian hypothesis, and the 
cases in which it is demonstrable are becoming 
very numerous. 

We have dealt here with the simplest out- 
line only of the matter, which is all that is 
necessary for our purpose. A careful examina- 
tion of the explanatory diagram will help to a 
clear conception of Menders experiments, 
and give some idea of the importance of the 
results which have been established. When 
once we know that certain characters are bred 
pure and are transmitted through individuals 
which may show no sign of them, it is possible 
by Mendd’s law to foretell exactly what the 
offspring of individuals having those characters 
will be. It is thus a true law of heredity, and 
not merely a statement of ancestral traits. 

Applicatioa of Menders Lew. We 
have now briefly reviewed the most important 
theories in the science of biology, and 
it becomes our task to endeavour to gather 
together ,all the various strings of thought 
and weave them into one strong band of 
conviction. We appreciate the fact of uni- 
versal variation in offspring, we see the working 
of natural selection in the world of life, we 
understand how the phenomena of hendity 
are possible, and we recognise the funda- 
mental importMico of these phenomena. We 
must now turn our attention to the practical 
application of these facts in individual lives 
and in society in order to gain some idea of 
man*s present as well as past evolution. 


How Heredity Telle In the World. 

A very important question in this con- 
nection is tne effect of the use or disuse 
of various parts of the body upon the indi- 
vidual ana the offspring. It is held by 
Lamarckians that many of the higher animals 
must owe some of their characters to the 
inheritance of these effects. We refer now 
to those eharaitiefs which are ’ developed in 
response to what we term “ exercise.” They 
are adaptive acquirements. They are more 
prominent in animals than plants, because 
the latter do not use their parts in the same 
sense that animals do; they attain their full 
development without any special stimulation 
other than nourishment, light, moisture, and 
warmth. The same is true of plant-like 
animals, such as sponges, and of such animals 
as insects, as well as of fish and amphibians 
to a great extent. But when we come to the 
highest vertebrates — birds and mammals — and 
especially the highest mammals, we find that 
many structures attain their full development 
only in response to the stimulus of use or 
exercise, and that in the absence of this the 
part fails to develop, or, if already developed, 
undergoes wasting, or atrophy. Thus, if the 
limb of a child be rendered immovable by 
paralysis or by a joint disease so that it cannot 
be used, it does not develop into a fully -formed 
adult limb, or it undergoes wasting in the 
case of an adult. 

Acquired Development. On the other 
hand, if a healthy individual gives a part of his 
body more than ordinary use or exercise, the 
structures ooncorned develop proportionately 
up to a certain point, and the development 
is termed “ acquired.” Thus, the black- 
smith’s arm develops in response to the 
stimulus of* constant use. This development 
out of the ordinary is abnormal for the 
average man. But the important point is 
that in human beings even the normal healthy 
development is attained only by use of the 
various parts of the body. The full develop- 
ment of the normal arm as well as of many 
other structures, is acquired. Some structures 
such as the nose, eyes, teeth, ears, nails, and 
sexual organs, do not owe their development 
to use and exercise. It is inhorn. In fact, 
the adult human being differs from his infant 
condition chiefly in the characters which are 
acquired by use and exercise. In the features 
of his face he differs in inborn characters, but 
in the structures of the body, limbs, and brain, 
the differences are those which come from 
use of those parts. An adult man, therefore, 
is largely a huge superstructure of use- 
acquirements built upon a comparatively 
small foundation of inborn germinal traits. 

Can the evolution of the highest animals 
be attributed to the inheritance and accumu- 
lation during generations of the effects of use 
cmd disease ? Are such modifications trans- 
mitted ? This question must be answer^. 
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'Y'HE methods of cookery may be divided into 
three classes. Cooking by : 

1. Moist Hsat. 

Applied by (a) immersion in hot liquids 
— i.c., boiled meat. 

(6) The vapour rising from boiling water 
— t.e., steamed puddings. 

2. Dry Heat. 

Applied by exposure to (a) radiant heat, 
as in cooking roast and grilled meat. 

{b) Conducted heat or hot air, as in cooking 
baked foods. 

3. Immersion in Hot Fats. 

(a) Deep frying, as in cooking croquettes. 
{b) Shallow frying, as in cooking pancakes. 

Principal Method of foiling. The 

term boiling indicates the cooking of various 
foods by immersing them for certain lengths of 
time in boiling liquid — t.e., liquids in bubbling 
motion. This cookery process is one of the 
simplest and, within certain limits, the most 
economical, as well as the most commonly used. 

It is, however, often directed to be used when 
the actual boiling point would render the foods 
almost worthless — t.e., boiled custard, boiled 
mjat. With certain exceptions, much of the 
so-called boiling is performed at a temperature 
a little «below that of 212° F., which is the 
boiling point of water and stock. Liquids 
boil at different degrees ; milk, for instance, at 
a lower temperature than water, while fats 
and oils have to bo raised to a far higher degree 
before they can be used for cooking foods. 

Foods are boiled for two different objects : 

As a preliminary step, for a few minutes, so 
that by rapidly hardening the outside albumen 
the pores of meat, fish, etc., are sealed, and the 
juices which give flavour and nutriment are 
thereby retained. 

Also as a means of extracting nutriment and 
flavour into the liquid, as when broths, stocks, 
etc., are required. In this case the meat and 
bones are placed in cold water, brought slowly 
to boiling point, and then boiled steadily for the 
prescribed time. 

Actual boiling heat should be used for : 

1. All green vegetables and many other 
varieties. 

2. Suet and similar puddings. 

3. Sealing the pores of meat, fish, etc., during 
the first few minutes. 

4. Bendering stocks. 

5. Making 83 rrups. 

6. Evaporating liquids — t.e., from a too thin 
sauce or soup, vinegar from sauces, etc. 

7. Rice, for curries or macaroni, etc. 

Simmering. It should be borne in mind 

that water, etc., allowed to “ gallop,” as it is 
called— or, in other words, to boil furiously — is. 


with a few exceptions, not any more effective 
than if it were steadily simmering. The liquid 
used is merely passing off in the form of steam 
which, as it condenses, renders the walls of 
the kitchen damp and unhealthy. 

Simmering foods consists in cooking them 
in hquids th^at are gently bubbling on one side 
of the pan, but not all over the surface as in 
boiling. Simmering point is 180° F., or in some 
cases as low as 170°, and it is this effective, 
digestible cookery process that is required after 
the preliminary boiling for “ boiled ” meats, 
poultry, fish, etc. 

Rules for Boiling Puddings 

1 . Grease all moulds or basins. 

2 . See that they are full. 

3. Tie over them a scalded and floured cloth. 

4. Put them into boiling water, and see that 
it covers them. 

6 . Boil them steadily, adding more boiling 
water as it evaporates. 

Rules for Boiung Green Vegetables 

1 . Trim, soak, and wash them well. 

2 . Put them into boiling water with one 
tabloBpoonful of salt to every two quarts of 
water, and a piece of soda, al^ut the size of a 
pea, to soften the water. 

3. Boil them quickly without the lid. 

4. Skim them well. 

5. Strain them off directly they are tender 
draining off as much moisture as possible. 

Rules for Boiling Potatoes 

1. Select those of a uniform size as far os 
possible. 

2. Peel old ones thinly and scrape new ones. 

3. Lay them in cold water after peeling. 

4. Put old potatoes in cold salted water, and 
new in boiling salted water with a sprig of mint. 

5. Boil them gently till tender but not mashed. 

0 . Drain off all water. 

7. Stand the potatoes in the pan with the lid 
partly off to dry by a low fu'e. 

Rules for Boiling Meat 

1 . Wash salt meat and wipe fresh meat. 

2 . Put salt meat into tepid water and fresh 
into boiling water. 

3. Boil both for five to ten minutes, then at 
once lower the heat and simmer them for the 
rest of the time. 

4. Allow fifteen minutes to each pound the, 
joint weighs, and fifteen minutes extra if the 
meat is fresh. 

5. For salt meat, fresh pork, or solid cuts 
)vithout bone, allow twenty to twenty-five 
minutes with an extra twenty minutes on the 
whole joint. 

6 . Save the liquor in which the meat was 
cooked for soups, etc. 

7. Always a^ pot vegetables to the water in 
which the meat is to be boiled. 


1485 


RutiSs won Bpnairo Fish 

1. Well waeb and trim the fish. 

2. Plaoe it in hot, but not boiling, water, with 
a little salt and vinegar — the latter help to keep 
it white. Cold water would extract the juices ; 
boiling would' crack the thin skin and render it 
unsightly. 

3. Simmer the fish gently, and skim it well. 

4. The time allowed depends more on the 
thickness of the fish than its weight, usually 
about eight to ten minutes to each pound is 
sufficient. 

5. Remove the fish at once from the water 
when cooked, and drain it well- 

Method of Steaming. This process 
consists of cooking foods in the vapour arising 
from boiling water. It is a much more lengthy 
but far lighter and, therefore, more digestible 
method of cooking than boiling, as the gradual 
pocess renders fibres, etc., softer. In many 
instances it is more economical and nutritious 
— 1 .#?., boiled vegetables and fish lose much 
of their valuable mineral matter in the water, 
which is then usually thrown away ; whereas, 
if steamed, none of the nutritious elements 
would be lost. Other advantages are that it is 
impossible for water to come in contact with 
the food, provided a piece of greased paper is 
laid over it to prevent the steam condensing 
on the lid and falling book on to it. Also, over 
one pan of boiling water three or more different 
foods may be cooked by using different steaming 
compartments fitted one above the other. 
A homely substitute for a steamer is to stand 
the basin in a saucepan with boiling water 
to come only half way up the basin, taking 
care that the water does not boil away. 

Method of Stewing. This method 
may be described as resembling a very slow 
process of simmering, but only a small amount 
of liquid is used, and this is usually served with 
the solid matter and forms the gravy or syrup, 
according to the nature of the dish. 

This latter point is important, because the 
more soluble and nutritious elements which 
are extracted are not wasted, as is so often the 
case with boUing and simmering, but are served 
with the meat. 

For cooking meat, stewing is the most econom' 
ical method, for the following reasons : 

Coarser and cheaper parts of meat can be 
used, as slow cooking in moist heat softens 
the coarse fibres and renders the sinewy 
portions gelatinous. 

Only a little fuel is needed, as slow cooking 
is essential. 

Little attentiem is required during the cooking, 
since there is no risk of the food burning. 

Thees is no waste of nutritious dements, for 
the solid and liquid parts are both nferved. 

Less meat is requir^ as a considerable 
proportion of vegetables is added, giving flavour 
and making the food more wholesome, and 
adding bulk. 

The meat to be stewed may be either : 

.1. PortiaUy fried bdore stewing, as for haricot 
mutton, stewm steak, etc. This is only suitalfie 
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if the more juicy mid tender cuts of meat are to 
be used. 

2. Putting the meat into cold liquid and 
bringing it to boiling point, as for Trish stew. 
This method should be adopted if the meat is 
tough and gristly. The wocess of stewring can 
be equally well performed in a slow oven or on 
the top of the stove. The utensil used, whether 
it be a “casserole,’! pie-dish, or earthenware jar. 
must be kept tightly covered. 

Rulbs fok Stewing- 

1. If the meat is juicy, seal the outside albu- 
men rapidly by frying it first, or half roasting. 

2. If tough, put it in a cold liquid and bring 
it to boiling point. 

3. If likely to be very tough, lay the meat f6r 
a few minutes in vinegar ; this softens the fibres. 

4. The tougher the moat, the longer and slower 
must be the cooking. 

5. Stews allowed to boil will have the meat 
tough and tasteless, and the gravy wasted by 
evaporation. 

6. Keep the utemsil closely covered, so that 
the aroma and flavours are retained. 

Method of Braieing. This term is 
derived from the French “ braise.” or live coal, 
and indicates the use of a shallow' pan with a 
tightly fitting lid and a sunken top, in which 
the live coal (charcoal) is placed. The food, 
therefore, is cooked betw'een two fires, and is a 
cross between baking and stewing. Where a 
regular braising-pan is not procurablei, an 
ordinary shallow stewpan, with a well-fitting lid, 
answers the purpose excellently, and often the 
top heat is omitted. It is a process that greatly 
develops the aroma and flavour of the food 
cooked, and is much used by the Frendh. 

Rules for Braising Meat, etc. 

1. Prepare and out in large pieces about 6oz. 
of mixed vegetables — carrot, turnip, onion, and 
celery — ^also a bunch of herbs and parsley ; this 
amount is sufficient for about 3 to 5 lb. of 
meat. 

2. Fry these in the braising-pan in good beef 
dripping till brown. 

3. Make a bed of them in the pan to lay the 
meat on. 

4. Add about one pint of stock, and lay on 
the meat. 

5. If the meat is very delicate, such as sweet- 
bread, chicken, etc., cover it with a greased 
paper to prevent scorching by any hot coals on 
the t^. 

6. Cover the meat tightly, and simmer it very 
gently for the required time. 

7. Lard the meat if it is very lean. 

8. When the meat is cooked, strain off the 
stock, reduce it by sharp boiling without the 
lid, and after careful seasoning use it as 
the gravy. 

Method of Roasting. Roasting is one of 
the most popular culinary operations. By the 
sharp heat and free current of air, the flavour 
is more developed than by any other process, 
and the juice is better retamad in the joint 

By roasting is actually meant cooking the meat 
by rays from an open fire, though nowadays 
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oven roasting is much practised. Still, many 
experts on the matter insist that a joint baked, 
even in an oven with the most up-to-date venti- 
lation, can never compare with a roasted one. 

The fire needs special care for this method. 
It must be clear, bright, and well banked up 
before the joint is hung iii front, so* as to 
avoid, as much as possible, putting on much 
coal during the cooking. “ A little and often ” is 
the best rule to remember for those in charge 
of the fire, and it is far the best to push all 
the live coal to the front, putting on the fresh at 
the back^ so as to prevent any smoke flavouring 
the meat. The “ bottle,” or “ roasting jack,” 
is generally used to revolve the joint before the 
Are, and a tin meat-screen containing the 
drippmg-tin, with a basting ladle, is a most con- 
venient arrangement. It is essential that the 
meat be screened, or much of the heat is wasted 
in the kitchen. A screen keeps off any draught, 
and the polished metal reflects the heat again, 
and aids the cooking. 

Unless frequent basting is done at least eveiy 
ten minutes, the meat will become dry, shrivelled, 
and the flavour but poorly developed. This 
is another reason why oven roasting is less 
successful, as cooks find it too much trouble 
constantly to open the oven door, lift out 
a heavy hot tin, baste the meat, and put 
it back again. 

Rules for Roasting 

1 . Expose the joint to great heat for the first 
ten minutes, to harden the outside albumen, 
and keep in the juices. 

2. Then lessen the heat, or the meat will be 
iry and burnt on the outside and raw within. 

3. Keep up the fire well, because meat roasted 
slowly dries from the gradual evaporation of 
its juices. 

4. Baste the meat at least every ten minutes. 

5. Should the meat be very lean, add some 
dripping to use for basting. 

6. Note that the thickest part of the joint is 
so hung that it is in front of the hottest part of 
the fire, which is a little below the centre. 

7. Delicate meats, such as fowl, game, etc., 
should be wrapped in well-greased paper till 
about the last twenty minutes, when it is 
removed to brown the outside. This is often 
done^ also, to protect the fat of a sirloin or loin 
of mutton at first. 

8. Gravy for roast meat should be clear and 
not thick, except for white meats, such as veal, 
pork, and fowls. 

The proper time to allow for roasting meat 
is a difficult point, and experience is the only 
guide, as the age, quality, and condition of the 
meat — that is, if freshly killed or hung — must 
be considered, as well as individual tastes. 
The rough calculation usually followed is fifteen 
minutes for every pound the joint weighs, and 
an extra fifteen or twenty minutes on the whole 
joint. For pork and veal, however, allow twenty 
minutes for every pound, and half an hour over 
that time. Solid, boneless, or stuffed joints wiU 
need this last calculation, even if beef or mutton ; 


so, also, will fi'eshly killed meats and the flesh 
of ^ung animals. 

It does not do, however, always to increase 
the time in exact proportion to weight if the 
joint is very large. A safe guide is Uiat if the 
flesh in the thickest part gives when pressed witli 
the fingers, it is sufficiently cooked for most 
tastes ; if it seems to resist the pressure, cook it. 
for a longer period. Or note if the steam from 
the meat draws to the fire,' and the joint appears 
to be smoking, it is then pretty sure to be nearty, 
if not quite, done. 

Time-table for Roasting 
Turkey, SJ lb. . . about 2^ to 3 hours 

Small turkey or goose, 6 lb. to 2 hours 

Large fowl 1 hour 

Hare . . . . „ 1 J hours 

Rabbit . . . . . . | hour 

Pheasant, large . . . | hour 

Pigeon . . . . 4 hour 

Partridge. . . . . . ., 20 to 25 min. 

Woodcock . . „ 4 hour 

Grouse | hour 

Sirloin of beef, 10 lb. ,, 24 to 3 hours 

Leg (5f mutton, 6 lb. „ l| hours 

Leg of small lamb . . „ l| hours 

Veal, 5 lb. . . . . „ 1 j hours 

Joint of pork, 4 lb. . . „ IJ to 2 hours 

Method of Baking. This is one of the 
most convenient and oldest methods of cooking 
on record. To be successful, it is most important 
to see that the oven in which the food is to be 
shut up is perfectly clean, otherwise the fumes 
of stale and burnt grease, burnt syrup boiled out 
of tarts, etc., will speedily ruin the flavour of 
dishes cooked in it, especially should they be 
of a delicate nature like milx puddings. This 
is an important point much neglected. In many 
ordinary coal-ranges, the top shelf is the hottest 
part, unless it is fitted with a reversible damper, 
by means of which the flame is directed so as to 
pass first under the oven, then out into the flue 
over the top. This is described as bottom 
heat. In most up-to-date stoves there is one 
oven with “ bottom heat ” for bread, cakes, 
pastry, etc., and another one with “ top heat ” 
arranged for roasting. 

Grilling and Broiling. The latter 
is the ancient term for grilling, and is derived 
from the French “bruiller ” (to burn). Though 
both words are still in use, they mean practically 
the same thing. The process is an exceedingly 
simple one, and has been in practice in various 
primitive forms from very early times. Grilling 
consists in quickly cooking foods before or over 
a very sharp, clear fire. The rapid hardening 
of the outside albumen prevents evaporation, 
and the whole operation and result is much the 
same as roasting, only on a miniature scale. 
Like roasting, it is expensive, as only small, 
juicy pieces such as rump steak, chops, cutlets, 
etc., are suitable to use, and a clear, quick fire 
is imperative. It is, however, a most savoury 
and digestible method, with the extra virtue 
of being speedily performed. 

A charcoal fire is considered the best, owing 
to its steady, intense heat without smoke. 
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Care is needed not to make holes in the 
meat with hooks or forks through which the 
jnicfes would escape, and to prevent, as mnoh 
as possible, mase dripjping off into the fire, 
as the flare it causes miparts an unpleasant, 
smoky taste to the food. A smoky fire may be 
cleared by throwing on to it a little salt. 

The time for cooking will depend more on the 
thickness than on the wei^t of the food to 
Ije grilled. A chop or steak of average thick' 
ness will take from about ten to twelve minutes, 
and should be frequently turned. The gridiron 
is most handy for cooking; besides meat, 
tomatoes, fish, mushrooms, jiam, spatchcock of 
game, or poultry, can be treated in this way. 

Method of Frying. This may »x) 
described as boiling foods in correctly heated 
fats or oils, but, owing to the intense heat of 
the fat or oil used — the temperature being far 
higher than boiling water — the foods cooked 
do not become soft and,' if overcooked, mashed ; 
but they acquire a crisp, dry surface, brown 
in colour, and if fried too long, become a 
black, charred mass. Frying is the quickest 
methi^ of cooking, and, therefore, most con- 
venient. It is also savoury and wholesome 
if carried out rightly ; but when applied to all 
meats indiscrimmately, as is so frequently 
done amongst the poorer classes, the injudicious 
use of the frying-pan is to be greatly deplored. 

The two kinds of frying are: Dwp, or wet 
frying, and shallow, or dry frying. 

Z>«€p, or wet frying is done in a deep pan 
that contains sufficient fat to at least cover 
the food to bo fried. Examples : Fish, fritters, 
rissoles, etc. 

Shalhw frying is done with just enough fat 
to prevent the food sticking to the pan. 
Examples: Pancakes, cutlets, fiver and bacon. 

For the first kind, the foods, in many oases, 
should bo coated with oither egg and onimbs, 
batter, or even flour, to protect them fiom the 
great heat of the fat. In the second kind, 
the longer one of the two, it is necessary to 
turn the food so as to brown both sides. 

A mixture of clarified beef or mutton fat 
makes an excellent frying medium, although 
oil is greatly advocated by many. 

Temperature of Frying Fat. The 
degree of heat is the all-important point ; it 
is so simple, and yet fried foods are often a 
failure through carelessness. 

No food must be put in the pan until a faint 
bluish smoke rises from the centre of the pan of 
fat — ^not merely when it rises from' the greasy edge. 
The density of the smoke will show whether 
or no a great degree of heat has been reached, 
for all fo^ do not need the same degree. 

Foods put in fat before a smoke rises from it 
become sodden with grease, soft, and badly 
coloured. Some people prefer to throw into 
the fat a small piece of bread, and see how 
rapidly it turns a golden brown. 

Bemember that if the smoke -rises in un- 
pleasantly heav^ clouds the fat is burnt, is 
imfit for use again, and foods cooked in it will 
often give rise to severe indigestion. Over- 
h^ted fot will eventually burst into flame. 
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Bvlss fob Frying 

1. Have the pan and foods as dry as possible, 
as moisture causes hot fat to splutt^. 

2. Never ^t foods into the fat until a bluish 
smoke rises from it. 

3. Put only a few pieces of food in at a time, 
or the temperatore is toe much lowered. 

4. Drain all foods, except cutlets, kidneys, 
sausages, and bacon, on paper to remove grease, 
but never do this if it would entail loss Of 
gravy that might flow from them. 

5. Be careful that the fat does not bum. 

6. Cool the fat when done with ; strain it, 
and save it for future use. 

It is a mistake to think that because water 
bubbles when it boils, if fat bubbles it must also 
be ready for frying purposes. This is not so. 
Fat that bubbles merely shows to the cook that 
moisture in some form is mixed with the fat. This 
moisture must be boiled out of the fat — evapor- 
ated, that is — and as it passes off in steam, the 
fat will gradually bubble less, till at last it is still. 
Wait a mw seconds longer, and then will come 
the desired smoke, and at last the foods can be 
put in the pan. Household dripping generally 
contains moisture, o/ten gravy. Remove any 
scum that may rise to the top of the fat as it heate. 

Making Stock. Stock is the water in 
which bones, meat, fish, or vegetables have 
been cooked, when the substance itself is not 
to be eaten, the object being to extract the 
nutriment and flavour from the ingredients 
for the liquid in the stock -pot, which is 'to 
make a foundation for the soups, sauces, etc. 

Pot liquor is the water in which meat, 
vegetables, and fish have been cooked, when 
the substance was to be eaten. It is, therefore, 
much weaker than stock, as the object has been 
to retain all flavour and nutriment possible in 
the ingredients . There are various kinds of stock. 

1. f^sh meat stock, brown or white in colour. 

2. Doneral stock, such as is made by boiling* 
the suitable household scraps in the stock-pot. 

3. Fish stock for soups, sauces, etc. 

4. Vegetable stock, often thrown away, 
though it might well be used in place of water, 
which, as it should be borne in mind, is the 
resource of a thriftless cook. 

Stock is required as the foundation of all 
meat soups, thick and thin, brown and white. 
Also for . most savoury gravies and sauces. 

Special stock is often required for high- 
class soups, such as consomme, when nothing 
except fresh meat, bones, and vegetables must 
be used ; but the same rules will hold good for 
it as for the more ordinary household varieties. 

The Stock-pot. The stock -pot is usually 
a well-tinned iron, copper, or steel vessel, fitted 
with a tap and strainer ; but a saucepan in 
good oonmtion will answer the purpose well. 
It should be started with a pint or so of cold 
water, and into it be put all bmies and scraps of 
raw or cooked meat, poultry or game, pro- 
viding the latter is not high ; fuso sur^us 
pieces of vegetables, drom of gravy^ etc. The 
contents should simmer day, and be strained 
off each night into a clean basin. 

Continued 
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contention. Wings, however, wctfe probably at 
first ‘merely parachuting organs, affording an 
extension of surface which would be useful even 
if only of small amount. 

Hdmology and Analogy. Organs which 
develop in a similar way, and have equivalent 
structural relations, are said to be ho^logous^ 
or to display homolog g, irrespective of the uses 
to which they are put. That such uses may 
be different will be realised in the light of 
what has been said about change of function. 
We know, for example, that the “ drum ” 
of the ear in ourselves, a cavity that has 
to do with the conduction of sound-waves to 
the internal organs of hearing, is represented 
in some fishes by the most anterior gill -cleft, 
which plays a part in breathing. 

Analogom organs, on the other hand — struc- 
tures which display amilogy — have similar 
functions, whatever their actual anatomical 
relations may be. The wings of birds and insects 
are in this way equivalent, for they both are 
used in flight, though their nature is utterly 
different. 

Of course, some structures may be both 
homologous and analogous, such as the eyes of 
fishes, reptiles, birds, and mammals. 

The principles enumerated will be frequently 
referred to in the sequel, where we shall have 
to deal with all sorts of adaptations to surround- 
ings of different nature. Every great group of 
animals is constructed on a common plan, but 
this will present all sorts of modifications 
according to the uses to which it is put. 

CLASSIFICATION OF ANIMALS 

The W'hole of the animal world may be 
divided into a comparatively small number 
of large gi'oups, or phyla, the most important of 
which are as follows : 

Phylum 1. Backboned Animals 

( Vetiebrata) 

The highest animals are here included, and 
are distinguished by the possession of a 
b^kbono (or its equivaleiit), a hollow, dorsal, 
sentral nervous system, and gill-clefts, which 
Are^ always present during part of the life- 
history, though in th6 highest fclasseS of the 
phylum they have nothing to do with breathing. 
For details, reference may be made to the 
course on Biology, which also summarises the 
ways in which backboned animals differ from 
other forms that are Collectively -called Back- 
boneless Animals (Invertebrata), a convenient 
though not very scientific term. 

Phyluiii Shell*fiah; 

{M(^Iu8M) , , 

These include cuttle-fishes and their allies, 
snails emd slugs, and bivalve moUusos (oysters, 
cockles, etc,), in which the bodv is not divided 
into rings or segments, has a fleshy locomotor 
organ, or foot, projecting from the under side of 
tho b<^y, and usually an external shell. 

Phylum 3. Jointed«limhad AnimaU 

{Atiktopoda) 

This group embraces insects, scorpions and 
spiders, centipedes and millipedes, and crus- 
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taeeans (lobsters, crabs, du^imps, prawns^ etc.). 
In all of these the body is segments, or divided 
into rinM, or segments, of which a varjring 
number Mar jointed limbs. There is a homy 
external skeleton, sometimes strengthened 
calcareous matter, as in most crustaceans. 

Phylum 4. Ringed Worms 
{Annelida) 

This group includes a vast number of marine 
worms, as well as earth- worm^ and leeches. 
Their bodies are segmented, and in marine 
worms the segments are provided with stump- 
like limbs, never divided into joints. 

Phylum 5. Lamp-shells and Moss- 
polypes {MoUuscoida) 

Lamp-shells appear to be distant and special- 
ised relatives of the ringed worms, and possess 
a bivalve shell, which differs, however, from 
that of bivalve molluscs. They are marine, 
as also are most of the moss-polypes, minute 
creatures that are nearly always aggregated 
into variously shaped colonies. 

Phylum 6. Wheel Animalcules 
{Rolifera) 

These arc very small, transparent creatures, 
of doubtful affinities, which abound both in 
salt and fresh water, and are among the most 
attractive of microscopic objects. 

Phylum 7. Round Worms 

(Nemathelmia) 

Here are placed numerous rounded, un- 
segmented worms, many of which are parasitic, 
and may have a complex life-history. 

Phylum 8. Flat Worms 

(Platyhelmia) 

Most of the members of this group are 
flattened, unsegmented parasites — e.gr., tape- 
worms and flukes. They are chiefly notable 
as being a source of disease, while their life- 
history is often exceedingly complex. 

Phylum 9. Hedgehog-skinned 
Animals {Echinoderma) 

This phylum is very clearly defined, and 
includes a large number of purely marine 
animals, of which star-fishes and sea-urchins 
are most commonly known. In the mem- 
bers of the preceding phyla the body is 
bilaterally symmetrical — t.c., divisible into right 
and left halves, with a clear distinction between 
anterior and posterior ends, while the upper 
and under surfaces are more or less unlike each 
other. But in star-fishes and their allies, 
although the same kind of symmetry is trace- 
able, it is more or less obscurei by radial 
symmetry — a kind of regularity such as is seen 
in a wheel, star, or regulai? flower. The skin is 
strengthened by calcareous plates, which often 
bear spines. 

Phylum 10. Zoophytes 

{Codenterata) 

Probably the most familiar members of tiiis 
phylum are the beautifully - coloured sea- 
anemones, which are to be found sticking to 
rooks between tide-marks, and when rally 
expanded well deserve their name of sea 
flowers.*’ Such an animal is ' essentially a 
living stomach, radially symmetrical, with 



cirolcte of tentacles surrounding a central 
mouth. Corals and jelly-fishes are other 
examples of the group. Nearly all zoophytes 
are marine* and a large number are in oolonies. 

Phylum 11. Sponges 

(Porifera) 

A simple sponge is a vase -shaped structure, 
with its walls perforated bjr numerous canals, 
into which flow currents of water bearing food 
and oxygen. The various products of waste 
are borne away by a stream that makes its exit 
from the -mouth of the vase. Most sponges, 
however, form colonies of various and often 
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irregular shapes. There is usually a calcareous, 
flinty, or horny skeleton, a good example of 
the last being afforded by the bath sponge. 
With few exceptions, the members of the 
group are marine. 

Phylum 12. Animalcules 

(Protozoa) 

This phylum embraces a host of lowly 
animals, the vast majority of which are minute 
or microscopic, and often difficult to distinguish 
from the lowest plants. The body of an 
animalcule consists of a single cell only, but this 
may be of very complex character. Some of 
the slimy “ oozes ” which cover vast areas of 
the ocean floor are mainly composed of the 
calcareous, or flinty, skeletons of creatures of 
the kind. 

Taking these twelve great groups of the 
animal kingdom in order, beginning with the 
highest, we shall be able to illustrate abundantly 
the main principles of Zoology, the chief diffi- 
culty lying in the great wealth of material. 

BACKBONED ANIMALS 

(Vertehraia) 

This large division of the animal kingdom is 
subdivided into the following classes [see 
Biology] : 1, Mammals (Mammalia) ; 2, Birds 
(Aves) ; 3, Reptiles (Reytilia) ; 4, Amphibians 
(Amphibia) ; 5, Fishes (Pisces) ; 6, Border 

vertebrates (Protochorda). 

Mammals (Mammalia). To this class 
belong all the familiar warm-blooded quadru- 
peds, together with certain specialised aquatic 
forms — e.g., whales, which are popularly, but 
erroneously, regarded as fishes. All mammals 
breathe ordinary air by means of lungs, and 
never at any time possess gills. They are more 
or less clotned with hair, and their young are 
nourished for some time upon milk. 


^ NATURAk HISTOHY 

The orders or groups of mammals are as 
follow : 

Order 1. Men and Monkeys 

(Primates) 

All the members of this order are distinguished 
by the possession of a relatively large brain, 
and this affects the general shape of the skull, 
one result being that the ©yes are directed to 
the front. Man alone excepted, those highest 
mammals arc adapted for a climbing, tree life, 
and their feet are grasping organs. 

Man-like Apes. Tueso approach more nearly 
to man in structure than the other m ’mbers of 
the order, and, unlike these, can walk on th^ir 
hind limbs with more or less facility. The 
gorilla and chimpanzee [230] are native to 
tropical Africa, the orang-utan to Sumatra and 
Borneo, and the gibbons to south-east Asia. 
Those, and the very numerous monkeys of the 
Old World, have comparatively narrow noses, 
thus differing from the broad-nosed monkeys 
of America, many of which also possess pre- 
hensile tails. In the latter group, too, are 
included the little marmosets. 

Order 2. Lemurs 
(Lemuroidea) 

These are small monkoy-liko creatures in- 
cluded by some authorities in the last order.' 
but decidedly lower in the scale. They inhabit 
the tropical forests of the Old World, most of 
them being peculiar to Madagascar. 

Order 3. Insect-eaters 
(Jnsectivora) 

The members of this large and ancient order 
are small animals found more or less in nearly 
all parts of the world, and adapted by their 
structure to feed upon insects and other small 
creatures. Of British species, the hedgehog 
[231], mole, and shrew, belong here. 

Order 4. Bats 
(Chiroptera) 

These are closely related to the insect-eaters, 
from V hich they differ in the possession of organs 



Order 5. Gnawers 

(Rodentia) 

Here, again, we have a large, ancient, and 
widely distributed order, including animals that 
are mostly small, and generally adapted for 
living upon vegetable food, though some are 
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omnivorooB. They poseess four chisel-edged 
front teeth (incisors), which grow continuously 
throughout life. Of familisr British types, 
rabbits, hares, voles, rats, mice, and squirrels 
illustrate the wide variations in habit that 
characterise the order. 

Order 6. Hoofed Mammals 

•{Ungulata) 

This group includes most of the large herbi- 
vorous forms, as well as a few omnivorous ones, 
and the hoofed extremities are more or less 
adapted for swift progression. The odd-to^ 
and even-toed ungulates are respectively dis- 
tinguished by an cSd and eVen number of digits 
on the hind foot. 

Odd-toed Ungulates. The pig-like tapirs 
o4 south-east Asia and South America possess 
four toes on the fore and three on the hind foot, 
while the rhinoceroses [288] of Africa and‘ South 
Asia have only three on each. In horses and 
their allies there is but one large toe on each 
foot. 

Even-toed Ungulates. The omnivorous 
swine and the plant-eating hippopotamus of 
Africa [284] do not chew the cud, and thus differ 
from the ruminants, amon^ which are included 
deer, oxen, sheep, goats, guaffes [285], camels, 
and llamas. 

Order 7. Elephants 

(Proboscidea) 

These huge plant-eaters, native to Africa and 
South Asia, are in many ways simpler in struc- 
ture than the members of the last order, but 
their teeth are much specialised, and the pre- 
hensile trunk, into which the snout is drawn 
out, is a notable peculiarity [286]. 

Order 6 Sea-cows 

(Sirenia) 

This group of plant-eating marine mammals 
is represented only by the dugong and manatee, 
which haunt the shores and estuaries of the Indian 
Ocean and South Atlantic respectively. The 
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tail is horizontally flattened, the fore limbs are 
modified into flippers, and the hind limbs have 
disappeared entirely. 

Order 9. Wbalea and Porpoiaea 

{Cetacea) 

These are still more fully adapted to an aquatic 
life than are the sea-cows. Some, such as the 
porpoise and sperm-whale, possess numerous 
pointed simple teeth, while the whalebone whale 
md its allies are entirely toothless. 
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Order 10. Fleah-eatera 

{Carnivora) 

Here are included a great variety of predac^^ 
forms, possessed of strong tudrs, or canines, out- 
tii^baok teeth, and clawM digits. 

'fixe Cat- Family {Felidce) embraces the species 
best adapted for a carnivorous life, such as the 
lion [287] of Africa and India, the tiger of Asia, 
and so on. The hyaenas of the Old World make 
up a closely relat^ group. 

The Dog Family {Canidm) includes dogs, 
wolves, foxes, and jackals, which are not so 
specialised as the foregoing. 

The Weasel Family {MuatelidcB) is repre- 
sented by many small blood-thirsty forms, such 
as weasels, ana by the larger otters, which are 
equally rapacious. The omnivorous badgers 
also find a place here. 

The Bear Family {Urstdee). With the ex- 
ception of the Polar bear, the members of this 
family are omnivorous, and less specialised in 
structure than most other flesh -eaters [288]. 

Aquatic Flesh -eaters {Pinnipedia). 'These 
are the walruses, sea-lions, and seals, all of which 
are well adapted to a marine life, as may be^^een 
by their shape and the flipper-like nature of 
their extremities. 

Order 11. Mammals Poor in Teeth 

(Edentata) 

Living in South America are a number of 
archaic forms, which are the chief living examples 
of this decadent order, that is also represented, 
however, in the Old World. They include the 
toothless great ant-eater [289], the burrowing 
and armoured armadilloes, and the leaf -eating 
arboreal sloths. 

Order 12. Pouched Mammals 

(Marsupialia) 

Except the American o^ssums, the mem- 
bers of this primitive order are natives of 
the Australian region, where, in the absence of 
competing higher types, they have acquired an 
extraordinary diversity of character, adapting 
themselves to the most varied habits. The 
native “ wolf ” for instance, is a flesh-eater; the 
banded ant-eaters are insectivorous; the little 
pouched mole feeds on various small creatures; 
the springing kangaroos [240] are herbivorous ; 
the burrowing wombat devours roots, and the 
climbing phalangers eat fruit. The young of 
marsupials are bim in a very immature condi- 
tion, and are sheltered for some time in a pouch 
formed by a fold of skin on the underside of the 
mother’s Ixxty. ' 

Order 13. Egg-laying Mammals 
(Monotremata) 

This order includes only the duck - billed 
platypus [241] Rnd spiny ant-eaters of Australia, 
which are much more primitive in structure than 
any other existing mammals, and preset many 
points of resemblance to reptiles. The most 
extraordmary fact in regard to them m that they 
l^y eggs, though the young, when hatched, are 
fed on milk, as in the other orders. The milk- 
glands, however, are devoM of teats, and their 
secretion oozes into a depression, from which it is 
licked up. 
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Officers in Public Libraries, Asylums, Washhouses, Parks, and Gardens. The 
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IN addition to educational and Poor Law 
* appointments, which are reserved for special 
consideration, there remain several of the 
Municipal Service departments that may con- 
veniently be included within the scope of a single 
article. Of these the most notable are the public 
libraries, asylums, parks and gardens, the fire 
brigades, the municipal tramways, and the 
lighthouse service of Trinity House. 

Mention maybe made also of the appointment 
of coroner — a valuable office, commanding a 
salary (or equivalent fees) varying between £400 
and £1,200 a year. This post is within the dis- 
posal of the borough or county authority, but as 
it is always reserved for a legal or medical expert 
of established position and wide experience, no 
useful purpose could be served by discussing it 
further in these columns. 

Public Libraries. The most diverse 
views prevail among borough councils as to the 
remuneration of library officials. Fairly valuable 
appointments are sometimes made in this service ; 
but, on the whole, it cannot be said to be liberally 
^j^warded. A municipal librarian who is perhaps 
the most eminent member of the service ex- 
presses his opinion on this question with the 
utmost force. “I should think there is no 
doubt whatever,” he writes, “that, as a class, 
librarians are not adequately remunerated. It 
is indeed a simple truth to say that librarians 
as a body are among the ’worst remunerated 
officials in the service of municipalities. This is 
due very largely to the limitation of the library 
rate.” On the one hand, the Guildhall 
librarian (who is a well-known antiquarian and 
scholar) receives £850 a year, the chief librarian 
of Manchester £500, and his colleague at St. 
Pancras £350, rising to £500. On the other hand, 
£80 a year was lately offered at Hanwell for an 
“ experienced and qualified ” librarian, and the 
Taunton Council invited applications from 
trained officials between 28 ancf 45 years of age 
for a head position at £100 a year, without 
residence. 

Such instances are not altogether exceptional, 
the obvious explanation being that, in the rank 
and file at least, the libraries service calls for no 
special quaUfications. Fair abilities and educa- 
tion, a gentlemanly address, and some previous 
experience — these comprise the usual require- 
ments for minor positions, and the competition 
among young men thus equipped is so great that, 
in accordance with the laws of supply and 
demand, salaries rule low. 

The service is chiefly recruited by youths 
entering either as evening assistants at a few 
sldllingB weekly, or, more generally, on a full- 
time footing as junior assistants at £25 or £30 a 


year, rising to perhaps double their initial salary. 
On promotion to senior grades their earnings, 
starting at £70 or £80 a year, will reach £100, 
£120, or £150, the last figure being seldom 
exceeded for auxiliary posts. The next step — 
either a branch librarianship or a small inde- 
pendent command — may mean but a slight ad- 
vance in salary, the average range for such an 
appointment being from £120 to £180 a year, 
with or without rooms. Its importance to the 
young official lies in the chance thus afforded him 
of proving what mettle is in him — his judgment, 
organising skill, and general fitness for the 
responsibility of a principal position. 

Leading appointments, as already indicated* 
are very variously repaid. In the borough of 
Wandsworth, possessing four important public 
libraries, the principal librarian receives £350 a 
year, with residence, light, and fire, and the three 
other officers in charge, £250, £230, and £150 
respectively, with similar emoluments. The fol- 
lowing stipends are paid to chief librarians in 
other London boroughs : Greenwich, £150, 
rising by £10 yearly to £200, with quarters, light, 
and fuel Fulham, £200, rising to £275 Isling- 
ton, £300 ; Deptford, £200. 

Ladies as Librarians. The libraries 
service affords a field of fairly well-paid employ- 
ment for women, many of whom are engaged 
by local authorities in subordinate positions. 
The rate of remuneration for lady librarians is 
generally loss than for their masculine col- 
leagues, junior assistants receiving from £20 to 
£40 yearly, and seniors, £50 to £80. Manchester 
has placed four of its branch libraries in charge 
of ladies, with salaries ranging from £70 to £95 a 
year; and in the libraries of several London 
boroughs a small female staff is employed at 
simHar rates. 

The Library Association. With the 
object of improving the qualifications and status 
of librarians as a class, an important organisation 
has been formed among members of the service, 
under the title of the Library Association, having 
its headquarters at Whitcomb House, Whitcomb 
Street, Pall Mall, London, S.W. Its educational 
work is carried out in conjunction with the 
London School of Economics, and consists of the 
special training of assistant librarians and other 
students who are seeking proficiency in library 
work, with a view to qualifying for responsible 
posts. Lectures are given on the various special 
duties of librarians, and examinations are held 
periodically, on the results of which certificates 
are award^ to successful candidates. A series 
of certificates entitles the student to the diploma 
of the Association — a qualification which in itself 
should add materially to the diplomate’s chance 
of securing a leading position. 
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Asjrltim Official*. Apart from medical 
billets (which ha^e already been discussed on 
page 699), municipal asylums furnish employ- 
ment to a large staff of stewards, matrons, and 
subordinate officers. These posts are variously 
filled, some authorities advertising vacancies and 
others adopting the system of a waiting list.” 
Candidates for service under a particular council 
should, therefore, ascertain from the clerk which 
of these methods is adopted. 

The Asylums Committee of the London 
County Council, which controls ten large asylums 
and may be taken as a typical authority, re- 
munerates its officers on the following scale, an 
annual increment, up to the maximum salary, 
being given in every grade. 

Steward, £300, rising by £20 to £400, with a 
house. 

Storekeeper, £200 to £260. 

Clerk, £200 to £360. 

Assistant clerk, £100 to £160. 

Dispenser, £110 to £160. 

Matron, £100 to £160. 

These officers, except stewards, advance by 
£10 yearly. 

Assistant matron (second class), £60, by £2 
to £70 ; first class, £80 to £90. 

Male atUmdant (second class), £29 to £36 ; 
first class, £36 to £43 ; head officer, £50 to £66. 

Female attendant, in corresponding classes, 
£18 to £24, £26 to £33, and £40 to £60. 

Farm bailiff, £2 28. to £2 10s weekly, with a 
house. 

Tailor and other workmen, 30s. to 38s. 

Male cook, £60 to £70. 

Butcher, £62 to £60. 

Gardener, 258. to 30s., and a cottage, or 5s. 
extra instead. 

In addition to their salaries, storekeepers, 
cooks, and butchers are provided with meals free 
of charge, and clerks and dispensers with dinner 
only. Matrons of each class receive board, 
lodging, and washing, and attendants the same 
advantages, with their uniforms, and £2 a year 
good-conduct money besides. 

In connection with this service, it should be 
noted that the posts of steward and storekeeper 
are generally fined by the promotion of asylum 
clerks, and that of matron from the assistants. 
Candidates for assistant clerkships are required 
to have some knowledge of accounts and to 
understand the receipt and issue of stores. The 
higher grades of attendant are invariably re- 
cruited from the subordinate ranks. It is the 
Councirs general practice to appoint second- 
class attendants from a list of suitable appli- 
cants, the age limit prescribed for men l^ing 
36 years or less, and for women 20 to 30 years. 
Preference is given to male candidates who are 
instrumentalists, or who can play cricket and 
football, and to women with a knowledge of 
music and singing. Disj^nsers should hold the 
minor certificate of the Pharmaceutical Society. 
A liberal pension scheme is in force for officers 
. of all ranks. 

Municipal hospitals are staffed in praoticallv 
the same wayasasyluipc^) except that the attend- 
ants are replaoed by a eorresponding number 
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of nurses. These officers, if admitted as pro- 
bationers, receive from £15 to £24 yearly during 
training, and aftmmrds £35 to £45, in each 
case wffh full allowances in addition. 

Bath* and. Waahhouaea. During recent 
years, many local authorities have realised 
the urgent need for promoting cleanliness — ^both 
persoi^ and domestic — in their districts. One 
result of this awakening is manifest in the numer- 
ous and well-appointed public baths and wash- 
houses owned by municipal bodies in every part 
of the country. These buildings — some of which 
contain elaborate and costly apparatus for 
vapour, electric, and medical baths — are gener- 
ally placed in charge of a superintendent, with 
or without the aid of a matron. 

The position of baths superintendent is a 
responsible one, requiring a sound practical 
knowledge of hydraulic and heating apparatus, 
as well as good organising powers. A recent 
advertisement of such a vacancy stated that 
“ Candidates must be thoroughly competent to 
take charge of the building and machinery, and 
those whose qualifications include a knowledge 
of engineering will receive special consideration.” 
In this, as in many other instances, it was 
stipulated that applicants must be not more 
than forty years of age. The value of these 
posts may be best shown by a few typical cases. 
In addition to residence, coal and fuel, the 
superintendent of baths for Manchester receives 
£300 a year ; at Westminster, £260 (advancing 
to £300) ; at Battersea, £200 ; and at Kensing- 
ton, £130, rising to £160. The super intendAit 
and matron of the Wandsworth baths receive a 
joint salary of £160, with the usual allowances. 
Corporations owning several public baths often 
place an expert masseur and bath attendant in 
charge of each as manager, under the general 
control of the superintendent, at a stipend of 
£120 or £150 a year. For attendants and sham- 
pooers, the customary rate of pay in municinal 
baths is 30s. to 408. a week. 

Parks and Gardens. The foremost 
municipal owner of open spaces is probably the 
London County Council. That authority can 
boast of 106 pleasure grounds, covering 4,920 
acres, for the care of which a permanent staff of 
880 men is employed. Efficiency is encouraged 
in the L.C.C. service bv filling all the higher 
posts by promotion. Applicants are admitted 
either as gardeners at 28s. a week, or as constables, 
labourers, or under-keepers, at 27s. From their 
ranks selections are made for the respective 
superior grades of propagators, sergeants, and 
keepers, and so up to the highest position attain- 
able — ^that of park superintendent, at a maxi- 
mum salary of £225 a year, with a house, gas, and 
water free. Candidates, who must be between 
25 and 40 years of age, may obtain application 
forms and further ^rticulars &om the 
Parks Department, 11, Regent Street, London, 
S.W. For gardeners, the Boval Horticultural 
Society's certificate in practical horticulture is a 
recommendation. 

Save that in provincial areas the ayerage of 
salaries Is some^at lower than hi this 



example will serte to i'Jastrate the general oon* 
ditions df service in municipal gardais and 
cemeteries throughout the country. 

It m^ be mentioned) however, that the post 
of general superintendent of parks (worth in 
the laiger boroughs from £250 to £450 a year) 
is usually to be reached by direct promotion, 
which is not the case in London ; and that a 
clerical registrar is appointed to each cemetery, 
at a salary averaging £250 a year. 

Fire Brigade Poata« The conditions 
of service probably vary more widely, according 
to the district, in this than in any other branch 
of local government work. Under the smaller 
councils, the fire brigade is either an amateur 
corps, or at best a volunteer company receiving 
some such casual remuneration as a shilling for 
every hour of actual duty at fires. In larger areas 
it may comprise a small staff of salaried officers, 
reinforced by volunteers in time of need. Many 
borough councils regard it as a branch of police 
duty, appointing a special section of their force 
to act as firemen. This is the case, as we saw, 
with the Liverpool Constabulary, which includes 
a smart and well-equipped fire contingent. 
Finally, as in London, Manchester, and other 
leading towns, the fire brigade is a large and 
distinct force. 

The London Fire Brigade. The 

title of this famous body, long known and 
admired of Londoners as the Metropolitan Fire 
Brigade— or more familiarly as the “ M.F.B.”— 
has lately been altered by Act of Parliament, 
for cogent reasons which one yet cannot help 
regretting on sentimental grounds, to that which 
heads the present paragraph. The London Fire 
Brigade, the very type and model of an efficient 
service, is controlled by the County Council for 
the capital, and supported mainly by the rates, 
in part from the contributions of fire insurance 
companies, and to some small extent by a 
Government grant. It is, therefore, in essence 
a municipal body, and as the largest fire force in 
the Kingdom, numbering 1,300 of all ranks, it 
offers the widest scope to would-be recruits. For 
these reasons, its conditions of entrance and 
service merit our special notice. 

Candidates for entrance into this small civil 
army, either as firemen or coachmen, should 
apply personally at the brigade headquarters, 
in Southwark Bridge Road, at 9 o’clock on any 
Friday morning. Recruits are carefully chosen 
under the following conditions. They must be 
smart, strong, active men, of good character and 
education, Iwtween 21 and 31 years of age, at 
least 5 feet 5 inches in height, and 37 inches 
round the chest. Married men are rarely 
accepted for either branch. As far as possible,, 
preference is given to London candidates. For 
firemen, service in the Navy or the mercantile 
marine is an almost essential qualification. 

Payment of Firemen. Applicants who 
satisfy these conditions, on passing a medical ex- 
amination and a test of strength, are admitted as 
probationers, and undergo a course of instruction 
that lasts about three months, receiving 24s. a 
week memitime. 
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The pay of firemen on appointment i8'2Cs. a 
week, and rises to 378, 6d. Coachmen, who 
form but a small proportion of the staff, be^in 
at 248. and rise to Sis. 8d. a week. Uniform 
is, in either grade, provided free of charge. There 
are about 100 su^rior posts in the Brigade, as 
station officers, district officers, and superinten- 
dents, with salaries ranging from £130 to £245 
a year, all of which are filled by promotion from 
the ranks. Lastly, that the fireman may face 
the risks of his calling without undue anxiety for 
those dependent on him, there is a liberal scheme 
in force of gratuities and pensions fo.' officers, 
and allowances to their widows and children. 

In provincial brigades, the initial pay of 
officers is about the same as in London, but the 
higher posts are not so well rewarded. Man- 
chester pays its chief fire officer £350 a year, 
and his lieutenant £200 ; but, except in towns of 
such leading rank, the superintendent— who, as 
responsible officer, must have administrative 
capacity as well as practical experience — seldom 
receives more than £150 to £180, with quarters, 
light, and fuel. The lower figure was lately 
offered, not only at Swindon and Edmonton, 
but even by so important a county borough as 
Croydon. 

The Coastwise Lights. The light- 
house service of England and Wales is under the 
jurisdiction of that quaint and ancient “ Corpora- 
tion of the Trinity House at Deptford Strond,” 
which now has its headquarters on Tower Hill. 
The Trinity House is a foundation of unknown 
antiquity, that was already a flourishing insti- 
tution when the eighth Harry granted it, in 1514, 
its earliest Royal charter. In addition to con- 
trolling the lighthouses and lightships of the 
coast, the Corporation is entrusted with the 
management of the general buoyage system, 
and the removal of dangerous wrecks around our 
shore. For the execution of these duties, a largo 
staff of officers is employed in the lighthouses, 
lightships, and steam vessels of the Corporation. 
The strength of each branch is approximately 
as follows. Lighthouse keepers 200 to 250 ; 
light- vessels staff, 550, and steam vessels, 150 
men, excluding officers. The conditions of 
entry into this service, and the rates of pay 
obtaining in it, are as follows : 

Lighthouse Keepers. Candidates must 
be between the ages of 19 and 28, and un- 
married. They are required to produce certifi- 
cates of birth, health, character, and education — 
the last requirement comprising reading, writing 
from dictation, and a fair knowledge of arith- 
metic. In the. selection of meir for employment 
preference is given to artisans and sailors. 
On entering the service, officers are classed 
as supernumeraries and are paid 2s. 6d. a day. 
When qualified for appointment to a lighthouse 
as assistant keepers, they receive 3s. a day, 
with dwellings, coal, a,nd light (or a money 
allowance in lieu thereof), and their uniform, 
and are entitled to medical attendance at a 
nominal charge. Their daily pay increases 
by gradual increments to 4s. 2d., the maximum 
pay of a principal keeper. By a wise provision 
the life of every keeper is insured by the Trinity 
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Honse for the benefit of those who may be 
dependmit on him. For this purpose the Cor- 
poration pays a fixed annual premium of £3» 
the value of the policy depending on the ofificer’s 
age on entering the service. 

Fen* the light-vessel and steam- vessel branches, 
applicants must be seamen under the age of 32, 
and must provide certificates of birth, character, 
and sea service in the A.B. class. A member of 
the crew of a lightship receives 4s. Id. a day 
on entry, rising through various grades to fis. Id., 
the maximum pay of a master. On the steam- 
vessels the rate of pay ^or seamen starts at 
4s. 4d. and rises to 5s. 8d. a day, the maximum 
wages of carpenters. Officers in the steam- vessel 
branch are appointed from those who have been 
apprenticed to the service as youths. Vacancies 
for such apprentices are not frequent. In either 
branch the seaman’s uniform is furnished free, but 
every man has to provide his own food. After three 
years’ service the life of each seaman is insured. 

Mon in the lightship service are afloat for 
two months at a spell, and are then allowed 
a month ashore. During the shore turn, how- 
ever, they must report themselves for duty at 
the district depot, and are occasionally required 
to form part of the crew of the district steamer, 
in which case they receive extra pay. Masters 
and mates of light- vessels spend alternate 
months afloat and ashore. 

Officers of the Trinity House are granted 
pensions proportionate to their service, 40 years’ 
duty entitling them to the maximum allowance 
of two-thirds pay. 

The Tramway* Service. There are 
some 14 municipal tramways in Great Britain, 
conveying every year over their 1,150 miles of 
metals more tlian 1,000,000,000 passengers. 
Emplojrment is thus afforded to a huge industrial 
army, on terms which are generally more liberal 
— in respect alike of .higher wages and shorter 
hours — than those exacted by private com- 
panies. The Tramways Department of the 
London County Council, which is only rivalled 
in size by that of the Glasgow Corporation, 
numbers 3,500 workers, from general manager 
to trace-boy. Apart from administrative 
officers, its employees are remunerated at the 
following typical rates : Drivers and con- 
ductors, mechanical or horsed cars, 48. 9d. a 
day ; after six months, or on obtaining a service, 
6s. 3d. ; 58. 9d. after six months on a service, and 
at the end of another half-year the maximum 
rate of 6s. 3d. a day. An overcoat, uniform 
coat, and two caps are allowed yearly. 

Foremen, £2 to £3 10s. a week. 

Relators, £2 2s. to £2 4s. 

Ticket Inspectors, £2 28. 

Night Inspectors, £1 10s. to £2 2s. 

Boint fitters, £I 15s. 

Horsekeepers, £1 Gs. to £1 9s 
• There are also a number of car washers, 
track cleaners, and point shifters, earning be- 
tween £1 and £1 10s. a week ; as well as carmen, 
permanent- way men, and lal^urers, at standard 
rates of pay. 

Vacancies in the municipal yards are usually 
filled by the Chief Officer of Tramways. In 
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the case of the L.C.C., applications for employ* 
ment should be addrea^ to that official at 
303, Camberwell New Road, S.E. 

HalUHeeper** According to the nature 
of the duties exacted, the remuneration of 
the town-hall keeper generally varies between 
30s. a week and double that sum — always 
with residence, coals, light, and uniform. 
Yet, modest as it is in position and in official 
rewards, this post is eagerly contested whenever 
a vacancy is announced, for it is an open secret 
in the municipal world that a hall-keeper’s 
extra earnings often equal his salary, and are 
sometimes far in excess of it. Receptions, 
civic balls, and other functions bring rich largesse 
to the official in charge. When a London ap- 
pointment of this class, with a stipend of £2 
a week, was recently advertised, its actual 
value was computed by those who should know 
as between £3^ and £400 a year. 

Beyond fixing an upper age limit of 45 or 50, 
and stipulating sometimes for the absence of 
“ encumbrances,” the qualifications of hall- 
koepers arc rarely prescribed. Those which 
commend themselves most to the appointing 
authorities are good organising powers, smartness 
and method, previous experience, regularity of 
habits, and a fair degree of education. 

Gas Meter Inspectors and Water 
Experts. Among the smaller departments of 
local government work may be mentioned the 
inspection of gas meters and of water fittings. 
In London the former service is recruited % 
appointing applicants whose names are on the 
council’s books to the grade of assistant or 
clerk. Assistants receive 258. a week, rising 
to 30s., and on becoming resident assistants 
they advance by 2s. a week yearly to SOs. a 
week, with lodgings, coal, and gas. Gas meter 
clerks rise by £6 yearly from £100 to £150 a 
year. From these two classes promotions are 
made to the rank of gas meter inspector (£135 
to £176), and chief inspector (£200 to £300). In 
the larger provincial towns the gas-meter testing 
department is variously organised, but the posts 
attainable in it are approximately of the same 
value as in London. Water inspectors are prac- 
tical experts employed by all corporations with a 
municipal water supply, their duties consisting 
chiefly of the examination of service fittings and 
the detection of leakage and waste. They are 
paid from 35s. to £2 Ss. a week or more, with 
chances of promotion to the position of chief 
inspector, with a salary of £250 or £300 a year. 

Messengers, Caretakers, and Porters. 
Municipal messengers, caretakers, and porters, 
as they differ in no wise from their colleagues 
outside the public service, need occupy but very 
few words. They are generally appointed from 
“ waiting lists ” kept by the council’s clerk. 
Applicants possessing such modest qualifications 
as these posts require should, therefore, secure 
the addition of their names to the queue of 
“ suitable persons.” This list, however, is 
usually a long one, for the public service, like 
all others, is most crowded at the foot. 

Continued 
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have now seen how the rocks have been 
solidified from their original liquid condition 
in the great subterranean laboratory We have 
next to embark upon the larger, and, in some 
ways, more interesting, consideration of how they 
have been changed and moulded on the surface 
of the earth. The present condition of the 
world, with its mountain ranges and river valleys, 
its broad seas and fertile plains, is mainly due to 
the work of the agencies to which we shall now 
give attention. 

The following table presents, in a convenient 
form for reference, the epigene. or superficial 
forces^ which have thus modified our planet : 

1. Aerial Forces. 

(a) Wind 
{b) Weather 

(c) Changes of temperature 

2. Aqueous Forces. 

(a) Rain, hail, and snow 

(b) Underground water 

(c) Running water 
{d) The sea 

(e) Ice 

3. Organic Forces. 

(a) Plants 
{b) Animals 
{c) Man 

Those agencies are very simple and natural 
forces, with which we are all perfectly familiar. 
They are the forces, in short, of atr, water, and 
life. It is one or other of these three forces to 


which is due the change of the earth from a 
barren and fire-swept globe of volcanic rock, upon 
which no kind of life was possible, tp the hospi- 
table and fertile planet which we now inhabit. 

The Atmosphere. We shall first con- 
sider the geological work of the atmosphere. Wt* 
are accustomed to think of the air as a yielding 
and impalpable substance, so that it is not easy 
to realise at first the immense quantity of work 
w'bich it has done in modifying the face of the 
earth. We know, however, that air, invisible 
and subtle as it is, when put into rapid motion, 
is capable of very destructive effects. The 
destruction of human property which is occasion- 
ally caused by a cyclone or tornado on land, and 
the wrecks which strew our shores after every 
storm, alike bear witness to that. The geo- 
logical effects of wind, which is simply air in 
motion, have thus to be reckoned with. 

The WorK of Wind. We can readily see 
that one of the most important of these effects is 
the transportation of matter from one place to 
another. The tendency of other natural forces, 
as we shall see presently, is to wear down the 
rocks into fine dust or sand. The wind is capable 
of transporting this fine material for long- dis- 
tances, and not infrequently heaps it up into 
great masses. Most of the sand dunes [ 48 ] which 
line the seashore in so many parts of the world 
are simply wind-drifts, which have been pinned 
down ana preserved in a more or less durable 
form by the growth of wiry grasses and other 
kinds of vegetation. 



48 . SAND DUNE, WEST OF BOURNEMOUTH, FORMED BY WIND ACTION 
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lliat thesd sandhills are entirely due to wind- 
drift is clear from the ripple marks which are 
observable on blown sand, and from the general 
shape of the sandhills themselves. In the 
interior of the Asiatic and African continents 
are found vast tracts of sandy desert, in which 
the wind has undoubtedly been the main agent 
in spreading the detritus of the original rocks 
over vast areas. In the desert of Gobi many 
ancient cities have been buried deep beneath the 
steady and inexorable march of the wind driven 
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sand. The great desert of the Sahara is believed 
to owe its present extent and nature largely, if 
not entirely, to the action of the wind. 

Blood-rain. The transporting action of 
wind sometimes covers an almost incredible area. 
The well-known phenomenon of blood -rain is a 
case in point, liio sand of the African desert 
is raised into the upper regions of the air by 
local winds, and there meets with the strong 
and persistent aerial currents which carry it 
away for scores or hundreds of miles. It is 
often known to reach the countries on the 
northern side of the Mediterranean, where its 
presence is indicated by the fall of rain -showers 
tingled to a deep red colour by this desert sand, 
and popularly called blood-rain. The sand of 
the Sahara is said to have been detected as far 
away as Boulogne ; and in 1901 it was estimated 
that a vast quantity of sand was transported by 
wind from Algeria as far as Russia. 

A remarkable deposit, known as 
loess t which is found in many parts of Northern 
China, covering considerable tracts of ground to 
A ^iokness of one or two thousand feet, is 
believed to be entirelv a wind formation. It is 
a yellowish clay, or loam, and consists chiefly 
of hydrated silicate of alumina.; It contains 

1600 


numerous organic remains, which are mainly of 
terrestrial origin. This loess forms an extremely 
fertile soil, and plays an important part in the 
agriculture of China. It is found Ailing river 
valleys, and high up among the hills, in such a 
position that it is practically impossible to 
suppose that its site was once inundated by 
water, and that it was deposited in the form of 
what we call alluvial soil, which it resembles in 
other characters. It is almost certain that the 
loess is the consolidated dust once drifted by 
the wind from the great plains of Central Asia, 
which has gradually hardened and accumulated 
into these vast deposits. 

Transport of Life by Wind. The 
wind is also capable of transporting the minuter 
forms of life from place to place. These tiny 
organisms, w'hich are no larger than ordinal^ 
grains of sand, are carried on the wings of the 
wind for vast distances, and find new' homes for 
themselves when nt last they descend to the 
eirth. In tliis way similar forms of life are 
found occupying districts very. widely separated. 
There are also well-authenticated instances of 
the transport by w'ind of larger organisms than 
mere seeds or spores. Sometimes a whirlwind 
or tornado has been known to carry fish in its 
embrace for many miles, though the showers of 
frogs, of w'hich one hears every spring in the 
countiy, are generally to be received with 
scepticism. 

Weathering of Rocks. The atmo- 
sphere not only transports soil from one placer 
to another, and thus modifies the nature and 
contour of the earth’s surface : it also has a 
considerable effect in breaking down the hard 
rocks into dust suitable for such transport. 
These destructive effects are partly chemical 
and partly mechanical. In the first place, 
rocks are subject everywhere to the operation 
known as weathering. This is a process of dis- 
integration due to the common meteorological 
agencies. Water in various states is the chief 
in efficiency amongst these, and, accordingly, 
the chief phenomena of weathering will come up 
for discussion in a later paragraph. But the 
air itself is accountable for a good deal of rock 
destruction. In the first place, the changes of 
temperature which are constantly occurring have 
a very important effect upon the rocks which 
are subjected to them, more especially in 
tropical countries, where the daily range of 
temperature between noon and midnight may 
be as much as 100°. It is a matter of 
common knowledge that most solid bodies 
expand when heated and contract when cooled. 
Thus, railway engineers never lay two rails 
absolutely touching one another at their ends, 
but leave room for expansion under the mid- 
day sun of summer, othenviss they would bulge 
out of truth. In the case of natural rocks, 
where no allowance of this kind has been 
made by the constructor, the rapid expansion 
and coiUr action' whicih alternate with changes in 
atmospheric heat frequently cause them to 
ralit and tlurow off fragments. These fragments 
Oisinte^ate in the same way, and, ultimately, 
large masses of rook are thus broken down into 




more or leas fine dust, which is biown away by 
the wind. The e£tect of this atmos^eric dis- 
integration is chiefly seen in the aria plains of 
the great tropical continents, where there is 
practically no water present to resist or com- 
plicate the process. 

^Eroding Action of Sand-laden 
Wind. There is another way in which wind 
acts powerfully to break down rooks. Where 
there is already present sand or fine detritus, 
which the wind can take up and carry along, 
we have to reckon with the abrading effects -of 
this dust upon the rocks against which it is 
driven. The wind thus charged becomes, in 
fact, a kind of sand-hlaat, such as is used by 
glassworkers to etch names and figures on their 
wares. A powerful wind, driving gusts of sand 
before it, is capable of doing a w'on^rful amount 
of work in this way. It has been estimated that 
a sheet of plate-glass which once formed a 
window in an American lighthouse was so 
affected by a wind laden with sand in the course 
of 48 hours that it was ground completely 
opaque, and had to be removed. In the deserts 
of Libya or Wyoming rocks and. monuments are 
found to have a characteristic polish or glaze, 
which is due to the constant sand-blast to which 
they have been exposed in every high wind. The 
deeply pitted marks on the face of the Egyptian 
Sphinx [4^] are similarly due to the abrading 
effects of the sand-laden wind of the desert. 

Atmospheric Erosion. Thus we see 
that the air alone is capable of doing much to 
change the face of the earth. It breaks down 
rocks into small particles of sand by rapid 
(^hanges in temperature, aided at times by 
lightning. It transports the dust thus formed 
for groat distances, and sometimes heaps it up 
into hills or vast drifts. And in the act of 
transporting the sand, it wears down and cuts 
away the rocks over which it passes. 

The Work of Water. By far the 
most important of the natural agencies which 
modify the surface of the earth is that of water 
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in its various forms. The surface of the land 
has been very largely moulded by the jpreat 
circulatory system of water, which plays so 
large a part in our lives. Tiie atmos^^io 
water, in the form of rain, hail, and snow ; the 
terrestrial water, in the form of rivers, waterfalls, 
springs, and l^ikes ; and the marine water, which 
forms the oceans ; besides the frozen water, 
which fills the Alpine valleys and covers the 
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form of water-vapour suspended in the atmo- 
sphere, falls then upon the surface of the l^nd 
as rain or snow, and then, in the form of rivers 
or glaciers, makes its way bock to the sea, thus 
completing the cycle. [See page 654.] It is in 
the course of these processes that the geological 
work of altering the surface of the land is very 
largely done. This work is partly chemical, 
done by the solvent action of water on the 
various substances through or over which it 
passes, and partly mechanical, done by the 
movements of the water and the solid matter 
which it may carry in solution. 

RAtln. We shall begin by considering rain. 
This is absolutely pure water, having been 
distilled by the sun, when it first passes back 
into liquid form in the upper regions of the air. 
But as it falls through the air it absorbs a 
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certain amount of impurities. Among tbe most 


important ,for our 
(OO 2 ). Rain also 


is carbonic acid gas 
lissolves a small amount of 
oxygen in its passage tlirough the atmosphere, 
and it frequently picks up other impurities, 
especially in the neighbourhood of manufactur- 
ing districts, such as nitric acid, sulphuric acid, 
and organic matter. When the rain falls u^n 
the ground one of two things happens: either 
it is absorbed, if the surface be permeable, or it 
trickles along the surface in the direction of the 
most rapid slope. In the former case it becomes 
what is known as underground water ; in the 
second case it feeds the incipient rivers. It is 
the rain which is absorl^d into the rocks which 
is chiefly responsible for their chemical change, 
while the rain which flows off into rivers per- 
forms the greater part of the mechanical, or 
erosive action of water. 

Weathering. The chemical action of 
rain is mainly responsible for the weathering of 
rocks. This usually signifies a disintegration 
of the surface due to a chemical decomposition. 
Some of the hardest rocks are most liable to 
weathering. Thus, granite frequently decom- 
poses into clay, while the softer limestone keeps 
a hard surface. Water, by itself, is powerless to 
affect a large number of rocks, though a few — 
such as rock-salt— are distinctly soluble in it. 
But water containing oxygen and carbonic acid 
gas, as is the case with rain which has fallen a 
long way through the atmosphere, acts upon 
a very large number of rocks. Limestones, for 
instance, are rapidly dissolved by water which 
contains carbonic acid gas, and are thus gradu- 
ally worn away, or pitted and drilled, by the 
'action of rain. This is why the mortar of 

\ ou8es requires periodical renewing on the sur- 
or pointing, and why the inscription on a 
^e monument generally has become illegible 
ttv , or 60 years. The wonderful caverns 
ijjvpd. f* ^gtone districts of Derbyshire and 
e all been carved out by the 
Bolvonl^J^ y* ; of water containing carbonic 
acid . 

OxidatK^®® .Ra4'»ction. Rain- 

water gonerw]Ii”ri&p ^ins a small quantity of 
oxygen dissolv^ ® and this oxygen is able 
to unite with other elements and form oxides 
in a much more vigorous fashion than the r 
' free oxygen in the air. [See Chemistry.] 

This process of oxidation is what is popu- 
larly known as rusting, and the red or 
yellow crust which is so commonly seen on 
rocks over which rain has trickled is its 
product. On the other hand, rain which 
contains organic matter acts as a reducing 
agent ; it decomposes oxides and takes away 
part of their oxygen^ owing to the affinity of 
that gas for carbon. This is the cause of 
the white spots or veins so common in red 
sfimdstone, where tbe colouring matter of 
ferric oxide has been reduced by the presence 
of some organic matter which is greedy for 
oi^gen. 

The great olct^ of silicates , which form so 
large a part, as we have seen, of the rocks which 
compose the crust of the earth, are readily 
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decomposed by rainwater containing carbonic 
acid gas. They break down into clay of one 
kind or another, and in this way granites which 
have long been expoe^ to tbe action of rain 
are found to have disintegrated or crumbled 
away for a considerable depth from the surface. 
There are countless varieties of weathering or 
meteoric change in rocks, depending- on their 
chemical composition and the nature of the 
impurities in the water which has run over them. 

RocK Sculpture. The weathering of rocks 
not only alters their composition and hardness, 
but also has very marked effects upon the general 
appearance of their masses. ' No rook is ab- 
solutely homogeneous ; some parts of it are 
harder than others, some are more readily 
dissolved or broken down than others. Con- 
sequently, after the process of weathering has 
gone on for a considerable time, the rock is 
found to have been carved into quite a different 
shape from that it originally possessed. The 
softer parts have been eaten away, and the 
harder ones are left standing up in pinnacles 
or projecting as boulders. Some rocks, like 
basalt, weather in a series of crusts like those of 
an onion, until after a long while the whole mass 
looks like an accumulation of cannon balls. 
Granite often weathers into large slabs, which 
produces the effect of a wall of masonry. Tn 
the Cevennes and the Hartz Mountains, the 
weathering of dolomite and limestone produces 
masses of stone which look like ruined castles. 
The tors of Dartmoor are a familiar example of 
the forms produced by the weathering of granite. 
Characteristic examples of the result of rock 
weathering are sho^n in 50 and 61. 

Formation of Soil. To us the great 
importance of the weathering of rocks consists in 
the fact that it is from their decomposed 
materials that soil, or earth, is mostly formed. 
The soil originally is simply the weathered, 
decomposed, and loosened surfaces of the rock 
over which it lies. There is usually an inter- 
mediate stage known as subsoil [52], which con- 
sists of larger broken or loosened fragments of 
the rock, and which passes upwards into the 
soil which supports vegetation, and downward 
into the solid rock. Its nature varies according 
to the rock from which it has been derived. 
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DIAGRAM SHOWING FORM OF SURFACE BARTH 


For a full consideration of the nature of various 
soils the reader must consult the course on 
Agriouliurb. It is enough to say here that 
all soils practically consist of sand or clay, or a 
mixture of these two main substances in various 
proportions. A fairly equal mixture of sand 
and clay k known as loam, and affords the best 
soil for agricultural purposes. It is, of course, the 
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58 . ON THE BOAD TO GRAND CURRAL, MADEIRA, SHOWING IHE ACTION 
OF RAIN UPON THE HILLSIDE 


addition of organic substances to this soil which 
chiefly helps to make it fertile. But the actual 
existence of soil over the whole habitable surface 
of the earth is due to the weathering, or decom- 
position, of the primitive rocks by the agencies 
of air, water, and other meteorological forces. 

Erosion by Rain. In addition to the 
chemical action of rain, it also has a mechanical, 
or erosive, action upon the earth. We can 
readily see of what nature this action is if. w^e 
go back to the habits of childhood and make 
a mud pie. Let us go into the garden and heap 
up a roughly conical mound a couple of feet or 
BO in height ; then take a watering-can or hose 
and sprinkle it with water. Under the minia- 
ture rain shower, which runs down all sides of 
our mound in little streams, we shall see that 
the loos 3r and ore soluble portions of earth 
are washed away and the sides of the mound are 
furrowed in all directions by miniature river 
valleys and ^stream lines, between which the 
stones and harder portions of the earth remain 
standing up. If the rain goes on long enough, 
one after another of these stones will be under- 
mined and roll down the slope, until ultimately, 
if we go on watering long enough, the whole 
conical hill will be washed down into a low 
mound, of which the greater part is spread over 
the surrounding earth. 


Fantastic Effects of Rain. This 
simple experiment is a very good objeef lesson 
in the mechanical work of rain. Wl^ever it 
falls faster than it can sink into ^e ground, 
it runs down the nearest slope and-varries with 
it a certain amount of soil, sel^eung, of course, 
tJiu Moftest and "isting parts, and leaving 

the harder proi*'-'' the ground. Thus, 

the hiljsk^^^^ the tendency of rain is 

steadily down to the general level of 

the earth, is usually scoured into more or less 
irregular forms. If the rainfall is considerable, 
and the inequalities in the texture of the ground 
are great, we shall find well-marked torrent- 
beds which are like stony, sunken paths in dry 
weather, and become gushing streams in the 
wet season. Tnis is a very common feature. on 
our British hills. Sometimes, as in the valley 
of the Tyrol, the stony clay is cut by the rain 
into actual pillars, which are left standing up 
because each of them happens to be protected 
by a huge boulder, which diverts the rain from 
the ground immediately below it. In other 
parts, where the soil is 'all pretty much of the 
same texture, the whole of a vast stratum mav 
be washed awav, leaving only a few relics to tell 
the geologist that it once existed. It is these 
inequalities in the erosive action of rain, depend- 
ing upon the heterogeneity of the soil on which 
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it fbllB, that bare carved our hHlsided and 
aiOtiwtain slopes into bo many -fantastic, wild and . 
beautiful forms [58], besides giving us the greater 
portion of tbe soil ^^ch smiles with harvest. 

fiail. Snow, and Frost. The other forms 
of atmospheric water — hail and snow, dew and 
hoarfrost — call for little notice from the geologist. 
The effects of melting snow are practically the 
same os those of rain, except that when a large 
deposit of enow melts rapidly it, of course, gives 
birth , tp more considerable torrents than an 
ordinary rainfall can produce. The work of 
snow'fed glaciers, which is one of the most 
important factors in geological history, will be 
separately considered in a later chapter. 

Underground Water. We have seen 
that rain falling on the ground either sinks into 
the surface or runs off. Which of these events 
happens depends on the relative permeability 
of the surface of the ^ound and the heaviness 
of the rainfall. If the rain fall on a surface 
like ^anito or a street pavement, it all runs off 
and joins a river or'' a gutter. If it fall on a 
surface as permeable as loose sand or ordinary 
^ grass- 

land, it 
^ nearly all 

soaks in ; 
and, of 
^course, 
every in- 
terme- 
d i a t e 
stage is 
found to 

64 DIAGRAM SHOWING WATER SPRINGS 

, Nat ure. 

Wo shall first consider the rain which soaks 
inta^ the earth and forms underground water. 

Springs. The law of gravity causes rain to 
go on descending by its own weight as far as it 
con. Sooner or later, as a rule, it will reach the 
limit of permeable strata and bring up against 
the underlying stratum of impermeable rock. 

If this bed lie on a slope, as is usually the case, 
the water runs down this slope, forming, so to 
speak, an underground river, though it must not 
be supposed that it is usually so well defined 
as a surface river ; it is rather a great mass of 
saturated sand or gravel, like a sponge full of 
water. If this underground reservoir, as we 
may call it, find an opening to the 
surface of the earth at a lower level 
than that of its own surface, the water 
will there emerge as a spring [64], which 
will flow steadily so long as the level 
of the water in the underground 
reservoir does not fall below the point 
at which the spring emerges. If, in a 
season of drought, no rain fall to keep 
Ihe underground reservoir full, and the 
W’ater- ultimately fall below the level of the 
spring, the water will cease to flow, until a new 
rainfall again fills up the reservoir. In all 
countries where there is a regular rainfall the 
permeable rooks are found to be saturated with 
water below a line known as the water level, 
which is fairly constant, but rises or falls slightly 
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with a wet or dry season. A wdt iS'Simply a 
hole dug into the earth below this line, so that 
the water trickles down into it and keeps it full 
‘ up to the water level. An artesian well [66] is a 
well sunk through an impervious surface bed, 
such as clay, down to a porous stratum which 
lies beneath it. It often happens that this 
porous stratum slopes down from the surface of 
the earth at a considerable distance away, and 
its catchment area may be higher than the pointat 
which the wfeU is sunk. If this be the case, when 
the wfll reaches the porous stratum the water 
will gush up to the surface, and even rise in a 
fountain under this hydrostatic pressure, just 
as a garden hose will throw a jet considerably 
above the level of its tap. 

Hot Springs from the Earth's Kitchen 
Boiler. Many springs emit hot water, which 
in volcanic districts may even be boiling. 
They are found in our own country, which 
is far from any volcanic centre, as at Bath, 
with a temperature as high as 120° F. These have 
clearly risen from a great depth, where the 
wnter has been heated by its proximity to the 
earth’s kitchen boiler. They are natural artesian 
W'ells [65], in which the flow of the water is due to 
the fact that its channel communicates with some 
catchment area at a higher level than where the 
spring comes to the surface — that of Bath is 
possibly on the Cotswold Hills. The common 
distinction between deep-seated and surface 
springs is merely one of degree, depending on 
whether the water emerges by a simple descent 
through the subterranean strata — e.g., from the 
top of a hill to the valley — or is forced up by 
hydrostatic pressure through a natural syphon. 
Nor is the distinction between constant and 
intermittent springs of any great importance, 
except to those w'ho get their water from them. 

Mineral Springs. All spring water, 
however clear and pure it may appear, contains 
various impurities in solution.^ These consist of 
dissolved gases and minerals, derived from the 
rocks through which it has passed. When the 
water has descended low enough to be con- 
siderably heated, its solvent powers are, of 
course, increased. Mineral springs are so called 
when they contain a marked amount of minerals 
involution. Thus we have petrifying springs, the 
waters of which contain so much calcium car- 
bonate as to deposit it in a white crust on the 
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55. DIAGRAM SHOWING THE CAUSES OF ARTESIAN WELLS 

substances over which they flow. They are 
common in limestone districts, where they 
dissolve the limestone underground with the 
aid of carbonic acid gas, and deposit it when they 
reach the surface, and the carbonic acid gas 
evaporates. Chalybeate springs contain iron 
compounds, chiefly in the form of various 
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56. LANDSLIP NEAR LYME RB0I8 Vij^^nUm 


sulphates. Brine springs are imprecated with 
salt, derived from beds of rock salt in the earth 
beneath. There are various kinds of medicinal 
springs, which may be alkaline, as at Vichy; 
bitter, as at Kissingen ; salt, as at Wiesbaden; 
limy, as at Bath; or sulpnurous, like the 
well-known “ rotten-egg ” water of Harrogate. 
These are often warm, or thermal, springs. 

Underground Caverns. The chemical 
action of underground water consists mainly 
in dissolving the various substances which are 
then brought up to the surface by springs. It is 

0] )viou8 that if this considerable amount of 
material is brought up from beneath the earth’s 
surface — some limestone springs have built up 
actual hills — there must be a vacant smce left 
wliere it was removed. Thus we find that con- 
Niclei’able subterranean caverns and tunnels are 
thrmed by the solvent action of underground 
^^ater. This is particularly noticeable in lime- 
stone districts, where vast systems of caves have 

1) een hollowed out during the lapse of ages. The 
caverns of the Peak in Derbyshire and the 
Mammoth Cave in Kentucky are famous in- 
stances. Not infrequently the roofs of these 
underground caverns collapse when they come 
too near the surface, and landslips, or subsidences 
of the ground, must take place without warning. 
The meres of Cheshire chiefly occupy places 
where the land has subsided in consequence 
of the washing out of the underlying beds of 
rock salt. Some earHiquakes are probably due 
to the shock caused by the falling in of the roofs 
of the deep caverns. 


Landslips. Underground water has not 
only a chemical, but also a mechanical action. It 
acts as an erosive, no less than as a solvent. This 
is especially the case where water runs through 
a porous stratum sloping under a mountain or 
hill. The material of this stratum is gradually 
W'ashed away, until it becomes unable to support 
the ov^erlying strata. The ultimate consequence 
is a landslip. A great part of the English coast 
is marked by the remains of such landslips, 
which form a picturesque feature, known as 
the undercliff [66]. A largo part of the town of 
Bandgate was destroyed by such a landslip in 
1893. Landslips in mountainous and rainy 
countries are often fai more destructive than 
any that we experience. The traveller by the 
St. Gothard Railway still notices the huge scar on 
the side of the Rossberg which marks the place 
where the whole side of that mountain slipped 
into the valley after the rainy season of 1^6, 
burying four villages with their inhabitants. 
The percolating water in such cases not only 
weakens the strath through which it flows, but 
also acts as a lubricant, and thus a great mass 
of rock beguis to slide when its weight finally 
overcomes the power of cohesion. Destruc- 
tive landslips are not uncommon in India, 
and about 150 have been recorded in Switzer- 
land. In Ireland w^ occasionally hear of 
a similar phenomenon, known as a hog-slide, 
when the whole surface of a bog, or peat- 
moss, becomes so saturated with water tl^ 
it breaks from its moorings and flows bodily 
downhill. 
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POSITION OF THE HANDS 

Rotary Adjustment. Bent and Flat Finsrer Attitudes. 
Toneless Exercise. Wrist Movements. Scale Playing^ 


By M. KENNEOY-FRASER 


Vji^E have dealt chiefly with the condition of 

^ fingers and hana, and little with the 
secondary consideration of position ; but an 
interesting question of position arises out of this 
rotary condition. When the little Anger bears 
up against the forearm rotation its knuckle is 
brought well up to the level of the hand, or may 
even be higher than that of the index finger. 
The position of the back of the hand is conse- 
quently level, and even forms a slight slope from 
the fifth -finger knuckle downwards towards the 
thumb. The opposite state of .affairs is a 
common fault with beginners ; they are apt to 
let the back of the hand slope very much down 
towards the outside. But let us beware of 
trusting too much to appearances ; right 
positions are to be secured, and it is not enough 
that the hand should look like that of a suc- 
cessful player. We may have the appearance 
of effective “ rotary adjustment ” without the 
reality. 

The use of the rotary adjustment does not 
apply merely to the fifth-finger side of the 
hand ; it is employed constantly to equalise 
(or non -equalise, when necessary) any fingers to 
make ndtes — melodies, for instance — stand out 
at either end of the hand. As this rotary ad- 
justment may help, so it may hinder, when 
applied in the wrong direction. Be careful not 
to allow any rotary action of the forearm to 
keep energy atoay from the side of the hand 
where it is required. 

Finger Lifting. We have seen that the 
finger must make careful contact with the key, 
or rest on it, before moving it, but it need not 
1)6 cramped by being glu^ to the key, as it 
were, all the time. It may be swung up a 
little, provided always that when it renews 
contact with the key it judges its resistance 
before and during key depression. This judging 
can be done so quickly tnat it seems like a con- 
tinuous movement. , 

The key moves such a small distance (only 
I in. ) that the fingers are apt to get cramped by 
^uch slight movement ; hence, it is customary 
<0 advise — ^most teachers, indeed, specially 
insist upon — an upward movement of the 
fingers, when there is time for it, before 
taking hold of the key to move it. Such move- 
ment is not essential to tone production, but is 
healthy for the muscles. It makes for freedom 
of action, and enables us better to “ think the 
fingers,’' provided that there is no stiffness in 
’ the upward movement or following down 
movement, and provided that we do not allow 
our attention to be distracted from the following 
'finger descent. All such movements towards the 
keys, Indeed, whether of finger, hand, or arm, 
should be rather passive than active. ^ 
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Bent end Flet Finger Attitudes. 

For brilliant, clean-cut tone, if we play 
the ke3rs from a little distance, the 
fingers should be bent, as shown in this t 
diagram. For sympathetic, clinging tone, 
the fingers in moving towards the . 
key should be left rather straighter, 
as in the lower of these two diagrams. 

These two contrasted “ finger attitudes ” are 
not only both legitimate, but are essential to 
truly artistic, varied, contrasted technique, and 
we must practise both forms. In using the 
“ bent finger,” the nail- 

joint moves up and down ^7 

in a straight line verti- 
cally with the keys, thus : 

and brings the very tip * iBIP^ 

of the finger (close to the ^ 

nail) in contact with the key. In “ flat finger ” 
the nail-joint moves obliquely to the key, and 
brings the soft cushion (opposite to the nail) 
into key-contact. The chief difference to the 
eye is that, when the finger is well raised as a 
preliminary, it starts very much curved in the 
“bent,” and fully open^ out in the “flat,” 
attitude. The “ bent ” requires the knuckle 
sufficiently high to take the thrust, the 
“ flat ” admits a very low or very high wrist. 

Arm- weight Tendencies. The bent- 
finger attitude may be called the “ thrusting ” 
attitude, the flat -finger attitude the “ clinging ” 
one. With the bent finger the weight of the 
arm tends slightly forward ; this should be only 
an inward muscular tendency, there is no 
outward visible movement, and in brilliant 
finger work we should never forget this “for- 
ward tending ” arm — it makes one’s playing feel 
as easy as running downhill. With the flat 
finger, on the contrary, “ the arm tends to fall ' 
backward,” but we must be careful not to 
‘pull the elbow backward instead. 

Bent and Flat Finger Touches. The 
“ forward ” bent-finger playing favours sudden 
key -movement, which induces brilliant, short 
tone ; the “ clinging ” flat-finger attitude, with 
its bcKjkward tending arm, favours gi^adual key- 
movement, which induces sympathetb singing 
tone. 

“ The anticipated fall of the upper arm causes 
one to use the miger in the clinging or * grabbing ’ 
way, while the consciousness of the forwa^ 
sustained elbow causes one to use the fingers 
in a kind of stamping or thrusting action.” 
iMatthay] For brilliant work, then, see to 
it that we sustain the weight of the elbow 
forward, and that for beautiful singing tone 
we allow it ra^er to tend to lapse bacKuwd. 

It is this flat-finger elingiag attitude that we ^ 
must use in pbiyi^ a great deal of Ohopm’s 
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' music. Chopin himself often used this form of 
technique, and consequently pianists who may 
have been drilled entirely in the bent- finger 
school do not succeed in playing the master 
unless they either forget the tyranny of their 
method or ignore it. 

Faulty Technique. We must consider 
all these things even at this early stage, although 
we may not be able to realise them till much 
later in our study. If we are not getting 
along easily with quick, brilliant passages, for 
example, it is either because we are key-bed 
squeezing, or because we are opposing the acting 
muscles by the sympathetic activity of the 
opposite set of muscles, which ought to remain 
passive, thus setting up obstacles to successful 
and easy playing within our oum hand and arm ; 
or. again, because we are trying to play a 
brilliant passage with a backward hanging 
arm, instead of keeping all the weight well 
forward, which would cause the fingers to feel 
as though they were running downhill. 

On the other ha:_d, when trying to play a 
long-drawn-out melody we shall fail unless we 
let the whole arm relax before and while we 
move the key, and let the “ clinging ” attitude 
(with flatter finger) feel though, “in climbing 
a stair, the hand, gently resting on the banister, 
helped to pull us upstairs.” 

“ Finger-condition Teot.” We have 
had a toneless exercise at the keyboard for daily 
testing the relaxed condition of the “ up ” muscles 
of the hand ; here is one for testing the same 
with regard to the fingers. Rest on the keys 
as before, without depressing them, and, with a 
forward movement of forearm, push the hand 
gently towards the black keys (the wrist here 
moves on one plane, and does not, as in the 
former example, rise and fall), rolling the 
fingers up and, as it were, passing them by. 
This forms the second part of the first of 
Matthay’s three chief muscular tests. 

If the “up ” muscles of the fingers are relaxed, 
the tips will remain in their places, while all the 
joints will give way, and allow the fingers to be 
rolled up into an exaggerated bend on the keys, 
as though they were about to take the shape of 
a closed fist. The gentle resting weight must 
be felt continuously on the keys. If the “ up ” 
muscles were not relaxed, the fingers would 
“ lock ” the knuckles of their little joints, as the 
hand can look its big knuckle, which we call the 
wrist. In such a locked condition the finger- 
tips would slide to and fro on the slippery ivories, 
and be in a totally unfit condition for successful 
playing. We must be constantly testing them 
fpr this. The student should write out these 
“ daily tests ” and playing maxims on a card, 
and keep them before him during practice. 

In both of these silent keylward tests, the 
finger-tq>s retain their places on the keys. In 
the first, the wrist rises and falls ; in the second, 
it moves to and fro towards the ebonies and 
back again in the one plane. 

There are two other “ tests ” which have to be 
considered — the test against down -arm force 
and the tone-aiming test ; one to ensure the arm 
being used onlg as a weighs reservoir^ so to speak, 


and the other /or the practice of precise aiming 
— aiming of the tone-making spurt, the added 
impetus that is used between two “ restings.” 

Arm Force Elimination Test. For 
the first, at the end of a short run or arpeggio 
we are to let the arm rebound from the keys. 
If the last note be played forte e marcato, the 
arm will seem to be “ kicked off if, on the 
other hand, the final note be soft, the arm will 
appear to be “ floated off.” In either cose the 
movement must be of the nature of a rebound, 
absolutely unwilled and staccatiasimo ; it must 
not, in its initial stage, be a willed action, “it 
must seem as if the key, in its rebound, impelled 
the arm upwards.” 

The next test is an “ aiming ” exercise. We 
have seen that finger and hand down muscles are 
used to bear up against relaxed and loosely left 
weight of the arm in the third species of touch ; 
and this weight is to be used only during the 
short spurts of hammer-driving, and not during 
the longer or shorter terms of damper -controlling, 
we must learn so to aim this arm-weight lapse 
that it shall take place neither too soon ror too 
late, nor remain in operation too long. 

Aiming Test. The “ aiming test,” then, 
may tak? this form. Rest on the keys, say, on 
an easy chord ; see -saw them gently down and 
up several times (tonelessly) ; after tb '.t, let 
them move down to tone, and let them rebound^ 
the fingers never losing their hold of the keys, and 
the wrist, which is relaxed at the moment of 
making the tone, then being dropped below key- 
board level. 

If the student wishes for a detailed descrip- 
tion of all these “ muscular tests,” which are 
taken from Matthay’s “ Act of Touch,” refer- 
ence must be made to the book itself, or to the 
condensed edition, “ First Principles of Piano- 
forte Playing,” or, better still, to his ‘*nelaxation 
Studies.’^ 

We now come to the question of “ getting 
about ” over the keyboard — a difficult one, as 
we have but ten fingers for 88 keys. We have 
tried only the five-finger position, five fingers 
on five contiguous ivories. Now lot us try 
to sound widely spaced notes, thus : 
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Lateral Wrist Movement. To reach 
them, we must not try to depend upon a stretch- 
ing of the fingers and hand ; we must use also 
a side to sid*. movement of the wrist to bring each 
finger in succession over its keys. This lateral 
movement must be as free and unopposed as the 
vertical wrist movement. 

Resting gently with forefinger on P^, glide the 
wrist end of hand and forearm gently to the 
left. Place the thumb on C, then, after sound- 
ing the note, move back again towards the 
right, continuing the movement till we can 
easily place the Uttle finger pn E!^. 

AU arpeggio ohords must be played thus, and 
to attempt to do so by merely stretching the 
fingers is apt, in such oases, to defeat its o^ 
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object. The hand and arm, with supple lateral 
wrist movement, muftt place the fingers on their 
ref^ctive keys. 

rreparlfuf m Note* We must remember 
hero, and always, Czerny's advice in his “ Letters 
to a Young Lady,” written 100 years ago : 

Never attempt to play a note till the finger is 
over its key. ” This is called “ preparing” a note. 
But the vital point in “ preparation ” is not 
the position of finger and hand over the key, but 
rather the condUion. If the principle of resting 
is properly carried out, this preparation of the 
next note will take place almost automatically. 
“ Each of the keys forming a passage,*’ says 
Matthay, “ must be eonceiv^ not as a separate 
unit, but each key's position must be conceived 
and found at a partieulur distance from each 
preceding hey or keys"' The finger being over 
and even on each key, energy must be applied 
to it vertically. 

Wriat Movements. We have now been 
introduced to the throe kinds of wrist movement 
and condition — viz., (1) vertical (up and down) 
freedom and movement of the joint between 
hand and forearm ; (2) rotary freedom of the 
same, enabling us to turn hand palm upwards, 
or vice versA, and to adjust the rotary weight ; 
and, lastly, this (3) lateral freedom — unopposed 
movement from side to side. There are no stiff 
wrists in normal arms— the stiffness is entirely 
of our own making. If the wrists prove stiff in 
any direction, we are using two opposite sets of 
muscles at once, instead of relaxing one set 
while the other is at work. “If we always 
insist on feeling ready and vertical over each 
note before attempting its production, we shall 
fulfil the three oonaitions of freedom of the wrist 
— laterally, rotarily, and vertically. While try- 
ing for it, we must not be too anxious — mental 
anxiety often induces muscular rigidity — but we 
must be attentive. We must watch our sensa- 
tions, and try to remember and easily recall them 
when wanted. 

The lateral movement can take another 


along the keys leftward, preparing thus the two 
remaining notes, p and O. In scale passages 
the hand alw^s lies thus slightly obliquely to 
the keys. “ The scale, owing to the required 
p^sage of the thumb sideways, demands a 
slightly outwardly turned wrist, or inwardly 
{Minting hand and fingers, as the normal posi- 
tion.” [Matthay]"' 

Study the scale at first in the manner given 
liere, each hand separately 



Scale of C^. 

N.B.— Each sharp as it is introduced is to be 
in force till the end of the exercise. 


form. Instead of pivoting the finger-tip end 
of hand, and moving the wrist end from side 
to side, we must also be able to let the wrist 
end remain motionless while moving the finger- 
tip end from side to side, with the thumb as a 
, pivot, thus : ^ ^ 


^cale of C. 


Scale of F. 
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The study of those two forms of lateral move- 
ment brings us naturally to arpeggio and scale 
plying. Igf 

Senate Playing, Let us take our five- 


Sc;ale Playing, Let us take our five- 
finger position thus : 

but let the hand lie — [ 1 — i — 

obliquely over the - j 

keys, turned slightly F"7z;;“ — 

in the direction of i— — 

the arrow, and when we arrive at the thumb 
pra the hand laterally over it, tifi the 
middle finger lies on E, Then, releasing the 
thumb from its under-hand pivoting, pose it 

‘ Ceniin^^d 


Scale of 



Scale of “^^ale of D>. 

L-4~n _ N.B.-^calesof 

J'j C and -F alike ; 
— \g 4 pw scales of Bl?, Eb, 

Scale o^Gt^. Ab, and Db alike. 

Scale of G like all five - black - note scales: 
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BUILDING UP THE FIGURE 

Casting^ the Figure, Modelling^ the Head. The Measurements. The Eyes 
ard Hair. Securing Good Models. The Clay. Removing the Piece-mould 


By COURTENAY POLLOCK and P. G. KONODY 


Castiag the Figure. The methods of 
mixing and using the plaster, the use of the 
coloured coating, and the washing and oiling 
have been explained previously. The few tools 
required in addition to those used in relief 
casting will be mentioned as occasion arises. 

If the arms are not attached below the 
shoulders to the figure, or if the hands only 
touch the figure, it will be necessary to remove 
them at the point of the insertion of the deltoid. 
To do this neatly, cut through the clay with a 
piece of fine wire, and with a fine meat-saw cut 
gently through the tubing. Lay the arms upon 
some soft material which will not scratch the 
surface, and proceed to make the mould for 
them. Roll out some strips of clay about J in. 
thick and 1 in. wide. These must be cut 
straight with a knife, for they are to be placed 
clean and square upon the arms, to form the 
division for the making of the two halves of the 
mould. Begin' at the outside of the wrist at the 
styloid process of the ulna, and build the 
division up that side of the arm across the cut 
end and down the other side, and continue it 
round the tips of the fingers, filling in between 
the fingers if they are separated. If the hand is 
closed, take the division round the knuckles, and 
join it to the division at the other side of the 
wrist. The arm will now have a projecting 
flange dividing the back from the front. 

Over the back portion place some tissue 
paper, slightly damped to prevent it from 
scratching the surface of the clay. This will 
protect it from grit and splashes of plaster during 
the making of the mould for the front. 

Make the mould for the front half as in relief 
work, but do not shake or move the arm while 
putting the plaster on. To avoid bubbles, throw 
the plaster into the crevices with the fingers, 
blowing it into the interstices where necessary. 
Keep the coloured layer of plaster thin, but not 
transparent. 

The Keying of the Mould. Remove 
the tissue-paper at the back and the clay divi- 
sions carefully and cleanly. In two or three 
places of the mould thus exposed carve a shallow 
hollow by twisting a half-round end of a broad, 
flat knife upon the surface. When the second 
half of the mould is laid on it will form small 
knobs, which will fit into these cavities, and 
provide a key, to ensure the halves of the mould 
fitting accurately together. Oil the edge of the 
front motdd after carefully removing every 
particle of the clay division^ or loose plaster ; 
then cover the remaii. ng half of the arm ex- 
posed in the same way as the first. Cut the mould 
straight at the seam, so that the joint can be 
' seen. Thouj^ at this point the arms may be left 


in their moulds w^hile attention is given to the 
figure, it will be well to show at once how to 
complete the arm casting. 

Completing the Arm Casting. Dip the 
arms into cold water for a second or two, and 
with a broad, thin knife, or the edge of a chisel, 
ease the halves of the mould carefully and very 
gently apart. Take out the clay, and wash 
thoroughly, using plenty of soft sodp. Close the 
halves together, and at the shoulder end cut a 
hole thr ugh which to fill the mould. Wash out 
the pieces of plaster, and, after a thorough 
soaping, close them again, binding^hem securely 
with cord. The knobs of the back half fitting 
into the hollows of the other will prevent slip- 
ping. Have two pieces of very thick galvanised 
wire, about 4 in. long, double them, and have 
them ready to fix into the end of the arms, to 
strengthen the joint at the shoulder. Mix the 
plaster, and pour it into the mould, shaking and 
turning it about, and pouring it off and refilling 
in order to ensure the plaster reaching and 
quite filling the extremities. Fill the mould up 
solid, and, while it is setting, insert at the open 
end the piece of wire, pushing it in till it is half 
buried. 

Dividing the Figure. Let us now 

return to the figure. Take some strips of 
clay similar to those used for the arms, and with . 
these divide the figure from the bottom of the 
plinth at the side and in a line with the outer 
ankle of the standing leg, across the plinth to 
the ankle, up the outside of the leg and trunk, 
over the shoulders and head, and down the other 
side and across the plinth to the other ankle. 
Another division must be made across the back 
from one side of the main division to the other at 
the level of, and cutting through, the insertion 
of the iron support — 1.6., about the middle of 
the gluteus muscles. The space between the legs 
must be filled in by a thin wall. Be careful to 
keep this clay smooth and neat at the edges. It 
will be seen then that, when the mould of the 
back is made, the upper and lower halves will 
come away without the iron support inter- 
fering. 

Removing the Piece-mould. Work 
in exactly the same way os with the arms, 
covering the front of the figure with one 
mass of plaster mould. Then remove the 
tissue-mper and the clay divisions on the 
lower half of the back, and the divisions 
between the legs. Do ^ not remove the cross 
division of the back before the lower half of 
the mould has been made. Then remove all 
the remaining divisions, and, having well 
oiled the exposed edges of the mould, put on 
the plaster for the upper half of the back, 
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and with a atro^ knife trim at the joints 
so that the seams may be seeii distinctly. Now 
leave it for about an hour, during which time 
the arms may be finished. While chipping 
away the mould, they should rest on some 
soft material, so that there is plenty of 
“ g^e,” or the cast may be easily broken. 

The Lather. InremovTng the piece-mould 
from the figure a little water is needed. Insert 
the blade of a knife into the seam at the head ; 
use the knife as a lever, very gently working it 
forwards and backwards until there is a little 
movement lietween the pieces of the mould. 
Then pour into the seam a small quantity of 
water to relax the hold of the clay on the 
plaster. The carefully- removed pieces of mould 
should be washed and soaped with a very good 
lather. Oil is not the best thing to use, as it 
often discolours the cast. But it is good to use 
plenty of soft soap, and lather well with a large 
brush until the surface is hard and shiny. In 
putting the mould on the clay figure, the 
notches should be made on the edge of the first 
half, as in the case of the moulds for the arms. 

Put the mould together, and bind tightly with 
cord ; fill in with plaster, pouring it through 
l>oth openings at the feet. Plenty of plaster 
should be kept ready mixed, and this should not 
be very thick. Plaster swells when setting, and, 
if used too thick, may crack the mould. ' It 
should also be remembered that a very thick 
mixture may set before the mould is property 
filled. 


should be fixed very securely. Two pieces of 
“compo ” tubing are fast^ed so t^t they 
make two loops which shall continue up the 
centre of the head, one inside the other, and 
give the clay plenty of support [28]. These 
loops should be from 10 to 12 in. long, l^is 
flexible armature will peiteit of bending the head 
to give it any moessary pose when the clay has 
been put on. It is sometimes necessary to 
make use of butterflies to strengthen the 
support of the clay. These should fastened 
to the top of the tubing, and allowed to fall to 
about the middle of the head — one in front and 
the other at the back. When the armature is 
finished, place it on the turntable and cover the 
whole of the framework with clay. B^in at 
the neck and put on about 2 in. of clay front 
and back, and the same at the sides. This will 
ensure the supporting column being in the 
middle of the neck. Continue this column of 
clay upwards and downwards. Then, having 
covered the framework of the head, you will 
have a slightly egg-shaped mass at the top of 
the clay column. 

Wbrtling from the Profile. Now turn 
to the profile, and having fixed the point of 
the pit of the neck at the suprasternal 
notch, make the profile of the sternum. Then 
from the front fix the angle of the clavicles, and 
continue them to the shoulders, filling in and 
denning the planes of the pectoral muscles. 
From the profile fix the angle made by a line 
from the suprasternal not^ to the seventh 


Chipping. In chipping it is advisable to 
begin at the head and shoulders and remove the 
white covering. When this is quite cleared, 
remove the coloured coating from the top down- . 
wards. Thus the cast will ^ kept clean, and no 
falling plaster can scratch the Surface. 

The figure need not always be cast quite 
solidly. With a little practice the student will 
be able to judge the thickness _ 

and uniformity of the cast as 
he is making it. In repair!^ 
bruises and scratches, the in- At/ XV 

jured parts should be well //// ift 

wetted before being filled in. iTjJ jli 

To fix the arms, make a hole to in I /if 

receive the wire ‘ strengthening, \ /f / 

thoroughly wet both the end III 

of the arm and the shoulder, \^es^l/ 
mix some plaster and throw ^ lly 
it into the hole. After 
scratching away some of the 
end of the arm, so that it is 
slightly concave, press it into 
position and hold it there for jD 

a few minutes until it is well ^ |j| 

set. No plaster must be allowed H 

to get between the surface of 1 

the end of the arm and the H 

surface of the shoulder, else aq 
it is not possible to secure a. 
perfect joint. • 

Model ling the Head. The armature for 
a head from life is hotver^ difficult to make. 
A board 18 in. squiure is required. Into this 'an 
upright pie<$e df wood, 2 in. square 9^ in. high. 


cervical vertebra. To find this vertebra is not 
difficult, as it is the most prominent point at the 
back of the neck, and cannot be very well 
mistaken. Having fixed this angle by sticking 
a tool or match into the back, carefully move 
the match horizontally till it is quite in the 
centre, and take careful measurement from this 
point on the model to the suprasternal notch. 
Compare this measurement on your clay and 
pull out the match to the distance required, 
securing it in position with lumps of clay. 
Then roll some large lumps between your hands, 
and put on the upper part of the trapezius 
in muscle, filling the back as far as the 
shoulders. 

The Features. Having prepared your 
ground-work, take the following measurements 
upon the model, and fix them in order upon 
your clay work. Matches are most convenient 
to mark the points, and should be pushed 
into the clay until the extreme end repi’esents 
the actual measurem^ts. 

With a pair of callipers measure from ear to 
ear at the notch between the tragua and anti- 
trMUs. As the starting points from which you 
will measure ^ur head, their position should be 
determined with great care. Jn,,ma>rkmg them 
note the relative positions of the suprasternal 
notch, the seventh cervical vertebra, and, the 
points just measured. This shoul^ of comrse, 
be done from the profile. Calculation shbuld be 
made as to how far above the sternum they 
come, and how far back they will be from the 
point of the chin. From the front should be. 
observed that the two points are perfectly 
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horizontal. Again turn to the side view, and, 
holding a straight-edge, ascertain the position 
of the tip of the nose in relation to the point of 
tbe ear. Observe this from both sides, and 
II Ark what you judge to be the projection of 
the nose by putting on a piece of clay. Now 
measure this point from the ears. It is neces- 
sary to measure from both sides, as the position 
of the nose is not always equidistant from both 
ears. Build up the nose ; do not put on too 
much clay, but just enough to make your 
measurements secure. With the callipers, 
measure from the notches of the ears to the 
middle of the chin at the extreme point of 
projection. Put on some clay, and with the 
notch of the ear as centre make an arc per- 
pendicularly on the clay you have put on for 
the chin. The measurements from both sides 
m\ist be exact. 

Locating the Point 
of Measurement. It 
will aid accuracy to 
place a small spot on 
the chin of the model, 
in order to locate the 
point of measurement. 

If your two measure- 
ments do not meet on 
the clay, there is prob- 
ably too much clay on 
the chin. On the other 
hand, if they cross each 
other, there is probably 
not enough. A^en the 
two measurements fall 
into the same line on 
the chin, measure from 
the tip of the nose to the 
centre of the chin, and 
push in tbe match where 
this last measurement 
cuts the upright line 
marked upon the chin. 

From the notch of the 
ear measure to the roots 
of the hair at the mid die 
of the forehead. If the 
model has no hair on t^e 
forehead, measure from 
the line of the brows backwards till you reach the 
hair. The line of the brows should be calculated 
from the point of the chin, an arc being described 
with the chin as centre. Mark these measure- 
ments on a sheet of paper, so that in rectifying 
mistakes it will not be necessary to trouble the 
model by repeatedly measuring from him. 

The next step is the laying in of the bone- 
forms. The use of a skull will assist the student 
in tracing these formations. The clay should 
be rolled into flat lumps before being put into 
position, and the student must refrain from 
^lnearmg these over. If it is necessary to reduce 
the projection in any place, it should not be done 
by pressure, but by removing the clay. For 
increasing the hollow of the eye, the clay should 
be seraph or cut away. If the finger or tool is 
pushed into the clay the surround^ form will 
be thrown out cf drawing. 


Modelliiig the Bone-form. It is essen- 
tial to devote the greatest possible care to 
the modelling of the bone-form, for upon this 
depends the character of the head. Draw 
the profile of the model from the chin over to 
the nape of the neck. If your points are 
accurately measured, there will be no danger in 
drawing this outline in full ; but do not put on 
more than sufficient clay to give the outline of 
the profile. Put on the sterno-cleido mastoid 
muscles at the sides of the neck from the sternum 
to the mastoid processes at the back of the ears, 
and with a lump of clay indicate the position 
of the th3U*oid body. Put in the trapezius 
muscle, and mark with care the arch of the 
clavicles, looking up at them from below. Though 
it is safe to keep the muscles a little under size, 
the bones should from the first have their proper 
projection. 

Lay in the jaws, 
noting the angle they 
make from the side and 
the arch they form w'hen 
looked at from below. 
Indicate the shape of 
the brows and orbits. 
With great attention 
model the forehead and 
the cheekbones. Having 
put in the mass of the 
teeth, lay over them the 
forms of the lips and 
put in the nostrils. The 
mouth should he de- 
cided first by finding the 
corners and marking 
them, having regard to 
their relation to the 
wings of the nose. In- 
dicate the ball of the 
eye with a round piece 
of clay, looking at it 
from the sides to make 
sure of the right pro- 
jection beyond the 
outer border of the eye 
socket. 

The Eyes. The 

student should now 
draw from the profile, from the front, and from the 
back, then the three-quarter views, drawing as he 
would with a pencil and paper, very carefully. 
The required action should be given to the head 
at this stage. The armature of the neck, being 
of “ compo ” tubing, is easily bent. Having done 
this, put on the eyelids top and bottom with 
small pieces of clay rolled between the fingers. 
Remember that the outer comers of the eye are 
higher than the inner. 

Now cut out the pupils, leaving a small piece 
of clay in the pupil under the upper lid to 
catch the light, and so give the reflected spot 
of light seen in natute. The exact size and 
position of this «pot depends upon, apd should 
be determined W, the characteristics of the 
individual eye. If the eyes in nature are very 
dark, the best effect may be obtained by reducing 
the size of the piece of clay which catches the' 
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light. If the eyes are somewhat lustreless, the 
projection of this piece may be reduced so that 
the eye is reduced in brilliancy. Should the eyes 
be li|^it, it is adyisable not only to reduce the 
of the hole representing the pupil, but 
sometimes to make the angles at the sides of this 
hole less abrupt, and so obtain more light. 

The Hair. The hair is always a difficult 
feature to imitate. It is hardly necessary to 
mention that in making a portrait it is not 
always advisable for the sitter to brush his 
hair. It depends entirely upon the manner in 
which he usually wears it. If he has rather long 
and crisp hair, which gives the general idea of 
rufl^ednesB, it would be perfectly absurd to have 
it brushed down like smooth and fine hair. 

Light and dark hair must, of course, be 
differentiated. To represent dark 
hair it is necessary to obtain as 
much shadow as will best give the 
effect. This may be done by 
cutting deep, crisp lines, so that the 
masses above shelve over and cast 
shadows. Light hair, if smooth, 
will require little or no heavy 
shadows ; if rough and shaggy, 
the effect can be obtained by big 
masses and lines not cut very 
deeply. To what extent the hairs 
should be suggested is in a great 
measure a matter of “style. It 
depehds on what the sculptor finds 
the most satisfactory way of render* 
in^hat particular example of hair. 

The Ear. A great deal of 
attention should be paid to the ear. 

This feature varies in shape perhaps 
more than any other, and should 
therefore be properly considered. 

Notice the angle of its posterior border ; mark how 
this border of the helix stands away from the skull, 
note from behind the shape of the concha and 
observe its depth. Again, much care should be 
given to realise the way in which the ear grows 
from the head. See how the tragus rises from the 
jaw. If regarded from the back, it forms part of 
the round border of the auditoiy meatus. It is 
then not flat, but convex. See also how the helix 
grows, not directly from the lower part of the 
temple, but from the cavity of tne concha. 
Ana notice at the back the depth of the jaw and 
the way it is bordered by the sterno-cleido- 
mastoid muscle, and its insertion a little higher 
at the mastoid process. Knowledge of anatomy 
is of infinite importance. Without knowledge 
of its construction, the human form cannot 
possibly be correctly rendered. 


Models. Some diffioulty may * be experi> 
enoed in securi^ good niocmhu. fterhape the 
easiest and quickest, way to get them is by 
advertisement. Messrs. Iteeves, however, keep a 
register at some of their i^ops, or a good model 
may be secured from a school of art. The usual 
pay is one shilling per hour, which includes 10 or 
15 minutes* rest. If engaged by the day, seven 
shillings is usual These prices apply to adults ; 
children generally get less. In selecting models it 
is wise to see that they are healthy, well devel- 
oped, and of good proportion. With female 
models the student should keep his eyes open 
to notice the disfigurement caused by the use 
of corsets. If the student ^ altogether un- 
acquainted with the female figure, he cannot 
do better than to take the advice of some 
teacher who is used to them. 
Another point to be noticed is 
the feet. Small boots distort 
the toes, and high heels crush 
them. Unfortunately, this will 
be met with very frequently, 
particularly in women. Women 
who have had offspring are, 
as a rule, not suitable for the 
student. 

Clay. While modelling, the 
clay should be kept in a zinc- 
lined trough with a cover, or it 
may be kept in tubs. In the 
latter case, attention must con- 
stantly be given to it to prevent 
it hardening from want of 
moisture. To keep the figure in 
good condition, it is very con- 
venient to have a rigid cover for 
it. The frame for this is best 
made by a joiner, and it should be 
of such dimensions as will allow it to be dropped 
over the figure and rested on the board upon 
which the plinth has been made. The frame- 
work should be made as shown in 80. Inside 
it should be nailed a covering of flannelette, or old 
thick sheeting — in short, anything that will hold 
water. New material is not suiSible as a rule, 
because the water runs out of it very soon. On 
the outer side of the framework some sort of 
waterproof sheeting should be tacked. India- 
rubber sheeting is best, but expensive. American 
cloth, if good, will serve as well, though it is 
never quite so durable. When covering up the 
work, the inside material should be syringed 
well. It is not necessary then to put water 
upon the clay model. Avoid this whenever 
possible, as it washes the fine material from the 
surface of the clay and makes it gritty. 
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*T'HE new man who was to arise in the 
* . political life of Rome, and to make a greater 
impression than had ever been made, or was 
ever to be made while Rome was a ruling State, 
was Caius Julius Caesar. He had been in exile 
for some time during the rule of Sulla, and on 
the death of Sulla he returned to Rome. 

Julius Caesar. Caesar had come into 
disfavour with Sulla because he had married 
Cornelia, a daughter of Scinna, and when Sulla 
dfjmand^ that he should divorce his young wife 
and seek another alliance, Caesar had firmly 
refused, declaring that he preferred exile from 
Italy to the betrayal of the woman he loved. 
His relatives were powerful Patricians, and 
through their influence he was saved from the 
extreme measure of Sulla’s wrath. The autocrat 
consented to allow him to go into exile, but it 
was told at the time that he expressed at once 
his contempt for what he regarded as Caesar’s 
love-weakness, and his knowledge of his i^wer by 
warning the Patricians that “ the boy in petti- 
coats ” would prove to be another Marius to 
the ruling orders. 

Cassar, who was bom a century before the 
Christian Era, was then twenty-two, and was the 
son of a Roman praetor. He had been well 
trained for a military career, and did excellent 
service in many wars. He associated himself 
in Rome with the popular party, and soon 
achieved a marvellous success as an orator. 
Cicero, one of the greatest orators in the world’s 
history, is said to have paid a generous tribute 
to the genius of the rising young man. “ Which 
of us,” he asked, “ could claim to be the equal of 
Caesar in oratory even among those who are 
orators and do not strive to be anything else ? ” 

Caesar’s Versatility. Caesar’s claims to 
fame are such as no other man of the ancient 
or modem world ever possessed. Among warriors 
and conquerors he ranks with the very highest — 
with Alexander in the ancient world and with 
Napoleon in the modem. He was one of the 
greatest writers of his day, and during the whole 
of his ever active life he found time for the 
production of great historical and literary books 
written in the finest Roman prose. His short 
poems and epigrams — some fragments of 
which are preserv^~-are faultless, and some of 
his jests and sarcastic comments were recorded 
by his friends as were those of Dr. Johnson, and 
afiPord much amusement to modem readers. 

He was a statesman of the highest order, and 
although in his wars he sometimes yielded to 
tlm barbaric influences of his time, yet when 
he obwed his own impulse he invariably show^ 
himself a man of clemency and mercy. When in 
the intervals of his earlier wars he made himself 


a powerful figure in Roman political life, ho took 
the popular side, and opposed the influence 
and the malpractices of the Senate and the 
Patricians. 

The Catiline Conspiracy. One of^the 
most important events of this time was the 
Catiline conspiracy. Apart from its historical 
importance, it w'ill always have a deep interest 
because it gave occasion for the display of some 
of the great qualities of Caesar and Cicero. 

Catiline was a ruined noble, who belonged to 
a Patrician family which had sunk into poverty, 
and which he helped to bring still lower by the 
vices and crimes of his youth and early mannood. 
He had great ability, indomitable courage, and 
a fascinating power which won him many 
adherents. He early showed ambition to dis- 
tinguish himself in public life, and though he 
made no efforts to improve his morals, he 
devoted himself to the quest of distinction in 
public affairs. He was elected Preetor in 68 B.C., 
and in the next year was appointed Governor of 
Africa ; but when he became candidate for the 
Consulship in 66, he was declared disqualified 
because of an impeachment brought against 
him for oppression and maladministration in 
his province. 

This disappointment filled him with an impatient 
desire to make himself a power in the State — by 
foul means if not by f lir. He organised a great 
conspiracy, by which he hoped to become master 
of the State. He saw that there was opportunity 
for a revolution because of the general discontent, 
and the want created among the people by the 
incessant struggles between the ristocratic and 
democratic factions, and he knew that many 
of the aristocrats, especially the followers of 
Sulla, were ready for any attempt to recover 
their lost power. His revolutionary plans were 
in preparation during the Consulship of Cicero, 
but Cicero was privately informed that sotne 
dangerous plot was threatening the public 
peace. 

Catiline proposed to begin his scheme by 
puttin;j Cicero to death, but Cicero was warned 
of his purpose ^ the mistress of one of the 
conspirators. When, therefore, an attack was 
made on his house, the conspirators found 
him ready to receive them. Some were made 
prisoners, and the others were driven away. 

Catiline's Escape from Rome. The 

news of this outr geous attempt soon spread 
over Rome. Catiline still wa 5 not dismayed, 
he actually appeared in the Senate two days after 
the attempt and its failure. His audacious 
appearance there was the occasion for Cicero s 
famous speech in denunciation of him, Mmum 
ranks among the world’s greatest oratidis. 



Oatil^’s attmpts to defend Mnuielf were 
drowned by the interruptions execrations 
of the Senators, and he found that his only chance 
of safety lay in flight from Rome. , 

He had collected large f orceS) and endeavoured 
to become the own leader of a revolution. On 
the flight of Cauline, Cicero ordered the arrest 
of some of those he believed to be his fellow- 
conspirators. They were found guilty, con- 
denmed to death with hardly even the form 
of a deliberate trial, and executed the same 
night. Julius Caesar opposed these irregular 
proceedings in a speech which for eloquence 
and argument will compare well with any speech 
ofJCicero’s. 

There were rumours at the time that Caesar 
hod himself been inclined to favour the con- 
spiracy, but nothing in his career gives any 
excuse for the accusation. The manner in which 
he stood up for the sanctity of law and the fair 
trial of every man, in spite of the appearances 
against him, was honourably characteristic of 
Caesar. Catiline gathered his forces around him 
in one of the Italian provinces, and an army of 
the Republic was sent against him. In the 
January of 62 b.c. a fierce battle was fought, 
Catiline was completely defeated, and, fighting 
to the last, was left a corpse on the field. The 
story of the conspiracy and its suppression is the 
subject of one of the famous works of Sallust, the 
great <loman historian. 

Pompey. Another man was in the mean- 
time rising into prominence. This w'as Cneius 
Pompeius Magnus, whom English historians 
have habitually called Pompey, a name which 
wo shall give him in our course. Pompey in 
his youth had fought in the civil war against 
Marius, had supported Sulla, and had reduced to 
nothingness Marius* party in Sicily, Spain, and 
Africa. He belonged by birth to the aristocratic 
order, but after a while he took up the popular 
cause, and helped to restore the institute of the 
Tribuneship. 

He had aone great service by the suppression 
of piracy in the Mediterranean, and had con- 
quered Mithridates, the sovereign of Parthia, 
in Asia, in the last war w^aged by the Romans 
against that ever-invading sovereign ; he made 
Syria a province of Rome, and captur^ the city 
of Jerusalem. 

After these events he was welcomed in Rome, 
for the third time, with a triumphal reception. 
He began, however, to be distrusted by the 
aristocratic party, who were possessed by the 
natural dread that Pompey was striving to make 
himself absolute masto of Rome. He then 
formed a political aUianoe with Ctosar, and these 
two, in conjunction with Crassus, a great million- 
aire, form^ the famous first Triumvirate, in 
60 B.o. To strengthen the aDianco Oassar gave 
his daughter Julia, who had been promised 
to Brutus, to Pompey in marriage. 

Caesar in Gaul and Britain. Then 
came Cassar's great successes in Gaul and in 
Britam, which k^t him out of Rome for many 
years. The story of his conquests in Gaul and 
wtain is best told in his own histories, which 
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would have made.Jhini ^unoos if they had .been 
his only claim to renown. 

By tne time Csssar returned to Romie, Pompey, 
whose wife, Julia, was now dead, hwi come to 
believe Caesar his most dangerous rival in popu- 
lar favour, and had gone over once again to the 
side of the aristocrats. When Caesar’s return to 
Italy was expected, Pompey persuaded the 
Senate that Caesar was determined to seize 
supreme power over the State ; and the Senate, 
yielding to his advice, called upon Caesar to 
disband his army, and thus prove his submission 
to the existing constitution. 

Caesar, who was now in Italy, although not yet 
upon Roman soil, refused to obey, and was 
supported with enthusiasm by his conquering 
legions. He appears to have had a moment of 
hesitation, and indeed the risks opposing his 
further march were such as to call for the gravest 
consideration. The Roman forces over which 
Pompey now had full command far outnumbered 
the legions of Caesar. The moment of hesitation 
soon passed, ami Caesar crossed the Rubicon, 
a small river dividing the province which he 
then occupied from the actual dominions of 
Rome. 

The Fate of Pompey. That crossing 
of the Rubicon, in itself a most momentous 
event in the history of Rome, bequeathed a 
proverb to the whole civilised world, and it is a 
common phrase at the present day that when a 
man decides on taking some momentous step 
he is crossing the Rubicon. The fate of Pompey 
was soon decided. Many battles were fought ; 
Pompey withdrew into Greece with an army 
still large and powerful. Caesar crossed over to 
Greece, and in one battle had the worst of it, 
but on the plains of Pharsalia, in 48 B.c., the final 
battle was fought, and Pompey received a most 
decisive defeat. He sought refuge in Egypt, 
but was put to death there by order of the 
ministers of Ptolemy, the young King of Egypt. 

Ptolemy. Ptolemy was the son of the 
preceding Egyptian sovereign, Ptolemy Auletes, 
and was the younger brother of the celebrated 
Cleopatra. Tlie father, when djring, appointed 
the son and daughter conjoint rulers. Quarrels 
soon arose between the young sovereigns, and 
Cleopatra was driven from the kingdom. 
While this quarrel was going on, Pompey 
arrived at the Egyptian shore, and, casting 
cuiohor, asked for permission to make a landing. 
The nobles surrounding the young monardi 
regarded the condition of thmgs as critical 
and dangerous for their master and themselves. 
Th^ feared that by offering their hospitality 
to Pompey they would make Csesar their enepiy, 
and they Knew enough of what was going on m 
the world to know that Csesar would be the 
most dangerous enemy Egypt could have. * 

But they were equally afraid that if they 
refused Pompey a landing the result would be 
that he would join Cleopatra, who was already 
raising large bands of partisans to maintain 
her claim to a share in the Egyptian sovereignty, 
and that another danger would thus threaten 
Ptolemy and his supporters. 



• A —m— In atton of Pompoy* There 
seemed to be but one way otit of the diffienlty’^ 
a wB,j by no' means uncommon then in Eastern 
and even in Western lands. Th^r plan was to 
get rid of Pompey by putti^ him to death. 
Pompey was granted permission to land, and, 
as he set foot on the shore, he was instantly 
killed. Csesar, in pursuit of Pompey, arrived in 
Egypt soon after, and the leading accomplices 
in the murderous deed believed that they could 
best conciliate the conqueror by presenting him 
on his landing with the head of Pompey. 
They were doomed to disappointment. Ctesar, 

‘ sickened at the sight, turned away in disgust, 
and broke into tears at this evidence of his old 
friend’s fate. He insisted that the murderer 
must be instantly put to death, and his demand 
had to be promptly carried into execution. 

The death of Pompey took place in the 
September of 48 b.c., when he had just entered 
on his fifty-eighth year. He was undoubtedly 
a man of great military capacit 3 % with some 
gift of statesmanship, and probably the only 
Roman who could be regarded as a possible 
rival to Julius Caesar. 

After the death of Pompey, Caesar did not 
immediately return to Italy, but seems to have 
been possessed by a desire to bring the disturbed 
condition of E^pt into better and more settled 
order. He haa with him but a small force of 
some 4,000 men, but he settled in the capital 
and set himself to work to bring about a recon- 
ciliation between Ptolemy and Cleopatra, and 
to prevail on them to continue their joint ruler- 
ship of the country. The people of Alexandria, 
made up of various nationalities, seemed little 
inclined to accept the leadership, or, at least, 
the absolute control, of a stranger like (Vsar. 
There was a military rising against him, which, 
having the support of the native army and of many 
leading men, seemed for a time formidable. 
Csesar encountered the crisis with his usual 
undaunted courage and cool power of observation. 
He sent at once to Asia for miliary reinforce- 
ments, and, awaiting the coming of these, 
entrenched himself as well as he could. 

Caesar and Cleopatra. Some engage- 
ments took place, during one of which Caesar 
only contrived to save his life by swimming 
to one of his own vessels ; but he w^ able, 
through whatever difficulties, to keep his navy 
afloat and to inflict much injury on the Egyptian 
fleet. The desired reinforcements at last arrived, 
and before the struggle had gone much farther 
the dispute between the young sovereigns was 
ended by the death of the king, and many 
others, in an attempt to escape by sea from 
Cuesar’s conquering army. The result was the 
entire submission of the Alexandrians to Caesar’s 
power. Caesar Was clement in his dealings with 
the subdued enemy, and by his command 
Cleopatra was restored to her throne. 

It been accepted as part of history that 
Cleopatra had fallen in love with the conqueror, 
and Hiat Caesar lingered long in Alexan^ia 
because of this romantic episode in his life. 
He had still to conduct military operations, for 
a war had brolcen out in Asia Minor, and one 


HiiTOfiir 

of his lieutenants bad been defeated by 
Phamaoes, the son of Mithridates. Phamaces 
was ei^aged in an attempt to restore hie father’s 
dominion. Caesar set out at once on an expedi- 
tion against him, amd, in a campaign lasting 
only flve da 3 rB, completely defeated liim. This 
was the success which he described in his 
celebrated despatch to Rome in the words, 

“ Veni, vidi, vici.” He then hastened back to 
Rome, but by the time he arrived those who 
had supported Pompey once more rose against 
him. Some of the Roman legions, still treasur- 
ing their allegiance to Pompey, mutinied, and 
marched on Rome. Cepsar made prompt arrange- 
ments for the defence of the city, and then, 
suddenly leaving Rome, presented himself to 
the mutinous legions. The leaders of the 
mutiny declared that their only desire vas to 
be released from their service. Caesar, inspired 
by one of those impulses of combined clemency 
and foreseeing statesmanship so characteristic 
of him, told them that they were free to go, 
with the assurance that when he and his legions 
should have completely overthrown their 
enemies the discharged soldiers, now released 
at their own wish, would be free to claim their 
share of the hostile spoils and lands, although, 
having been discharged, they could not appear 
in the public triumph. 

Caaaar’s Diplomacy. According ^o all 
received traditions, Caosar made a de^ im- 
pression on bis listeners by addressing them as 
‘‘ citizens,” and no longer as “ fellow soldiers.” 
This deliberate change of denomination pierced 
the very hearts of the soldiers, Ailing them with 
deepest pain at the thought that, while they 
were allowed to receive their share of the 
spoils, they were no longer regarded by the 
commander as his comrades in war. They 
abandoned all their demands, unanimously 
besought him to restore them to their former 
position in his service, and to allow them to 
share with him the honours of the victory. Caesar 
then returned to Africa, and, by his military 
skill and promptness in taking advantage of 
every opportunity, he triumphed completely 
over his opponents. 

The cause of Pompey was now wholly lost, 
and Cato the Younger, who had long hoen an 
inveterate opponent of Julius Caesar, resolved 
to give up life rather than submit to the victor. 
After a night spent in reading Plato’s “ Phaedo,” 
he deliberately stabbed himself in the breast 
and died. 

Rome’s Reception of Caosar. Caesar 
received four public triumphs in Rome for 
his successes in Gaul, in Asia Minor, in 
Egypt and other parts of Africa ; but he was 
offered no public honour for his victory at 
Pharsalia, because of the recognised custom 
that no Roman was to have a public celebration 
for a victory won over his fellow Romans in 
civil war. C»sar fully appreciated the signi- 
flcance of this principle, and could hage felt 
no desire to claim a triumph for a victory ow 
his fellow-citizens in a war forc^ upon him by 
the necessities of his public ctation and military 
duty. These ceremonials wejre the culmination 
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of CmarVcare&c. He wae now mpreme mister 
. of Rome, while Btill in the pi^e of life. He 
had paesed his youth, for the most part, in 
pleasure, luxury and dissipation, althoi:^h he 
had ever shown a deep interest in letters and in 
arts. 

When he rose in the military service he 
renounced all his earlier follies, gave up wine, 
and devoted himself to his duties as a commander 
and as a leading public man, and to the literary 
work he loved so well. He had proved through 
all his wars that he was endowed with that rare 
and almost marvellous foresight and that clear 
calculation of possibilities which enabled him 
to see that, whatever might be the difficulties 
surrounding him, no matter how he might 
seem to be on the verge of defeat, it was still 
within his power to carry to success the task 
he had undertaken. Wo have already showTi 
that he was not only a great military com- 
mander but also a great orator and a great 
statesman. In the Senate he had no rival. 
When after the wars which ho had lately carried 
on he returned to Rome he became at once — 
in fact if not in title — the ruler of the State. 

Condition of Rome. Rome in the 
meantime had fallen into an alarming condition 
of political corruption, and was rent to the 
heart by the selfish struggles of hostile political 
partes. Cflpsar devoted himself to the restora- 
tionwf order, to the healing of political corrup- 
tion, and to the loundation of a stable 
Commonwealth on principles of civil equality 
and freedom. He made, from the first, no 
difference in his treatment of friends and 
enemies. He allowed no penalties to come upon 
the followers of Pompey, and he proclaimed his 
intention to introduce an entirely new chapter 
into the history of the long distracted State. 
He l)ecame, above all things, a reformer ; he 
did his best to find employment for the poorest 
.classes on public works, and by organising a 
suitable system for the emigration of able- 
bodied men to the Roman colonies, which were 
especially in need of such help ^owards their 
development. He put into operation great 
plans for the draining of marshes, for the 
construction of harbours, for the deepening of 
beds of rivers. He initiated measures for the 
improvement of the colonies, for making the 
Senate larger and more thoroughly representative, 
and also an efficient agent of the ruling authority 
rather tham the mere instrument of the strongest 
political party. 


The Chaise in -the. Calendar. One 

' great accomplishment of. Cffisar's. genius ^was 
the entire reform of the calendar, which up to 
that time was in < a state of -bewildering 
confusion. The length of the days in the 
different seasons had not been settled, and 
even the divisions of months and years had 
been left to chance, or to regulations which best 
suited the convenience of each ruling party. 
There are students of history who regard the 
reform which Csesar thought out and established 
as the most remarkable accomplishment of his 
whole career. 

Many a man may believe that, if he had had 
the training and the opportunity, he might have 
turned out a great military commander or a 
great statesman ; but such a man would readily 
acknowledge that if he had been called upon to 
evolve out of the depths of his moral conscious- 
ness an entirely new and exact calendar of the 
days, months, and years, he would have had to 
give up the task in despair. Caesar, however, 
accomplished the work, and set up a calendar 
which civilisation accepted for more than fifteen 
centuries. So little was then known of the actual 
science of astronomy that an exact calendar was 
not a pofisible achievement, and it was left for 
a modern period, with its immense increase of 
knowledge of such subjects, to perfect the 
work which Julius Caesar had brought into 
existence. 

War in Spain* Caesar was interrupted in 
this task by the outbreak of a war in Spain, 
where the sons of Pompey were rallying their 
forces for a new revolt. He went to Spain, 
brought the struggle to an end, and then returned 
to Rome to continue his peaceful work. He was 
welcomed with a new public triumph. Then, at 
last, he was proclaimed in name what he had 
long been in fact — “ Imperator,” or ruler of the 
State. He was offered the title of King more 
than once, but he always refused it, acting in 
the spirit of his declaration when the proposal 
was first made to him. “ I am not a king ; I 
have no wish to be a king ; I am Caesar.” The 
remainder of Caesar s reign — for it must be 
described as a reign — brought Rome to her 
highest position in the history of the world. His 
rule as a reformer was, indeed, interrupted by 
some wars, but it may easily be imagined that 
during these campaigns he was, as he had been 
during his campaigns in Gaul, still contemplating 
and planning projects for the regeneration of 
the Roman State. 
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I CoMttHwed Iroin paa* 1897 


By Professor HENRY ADAMS 


Crushing Strength of Stone. The 

general charaicteristics of the principal varieties 
of building stones are described in pages 528-534. 

It will be remembered that while some are 
crystalline and fairly homogeneous, the majority 
are more or less laminated or built up by strati- 
fication, so that for durability it is necessary to 
lay the blocks in such a position that the pressure 
upon them is perpendicular to the stratification. 
Inis usually means that they must stand on 
their natural bed, or in a similar position to that 
they occupied in the quarry. They are, therefore, 
tested in this position by direct compression ; 
but, like other materials, the samples are 
specially selected and prepared for testing, so 
that the maximum result is obtained, and the 
figures so found bear only a distant relation to 
the crushing values ot stone used in the ordinary 
manner of preparing and bedding in the 
construction of a building. The size usually 
adopted for testing is 3 in. to 6 in. cubes, dressed 
perfectly true and smooth, and placed between 
pieces of pine ^ in. thick, so that the stone has 
every facility allowed for showing a high initial 
strength. It is usual to note the load at which 
cracking commences, and then to continue the 
pressure until crushing takes place. These figures 
are then reduced to the equivalent tons per 
square foot. 

Safe WorKing Sires*. The safe working 
stress will vary from one -hundredth to otm- 
twentieth, according to the stone and the 
circumstances of its use, and no general rule 
can be laid down. In many cases the stone in 
use will have to bear only a comparatively small 
load, its size depending upon conditions other 
than the load to be carried ; but whenever its 
absolute supporting power is in question it must 
be carefully selected, truly dressed, and well 
bedded. By way of illustrating the contm- 
gencies to be met, it may be stated that car^ 
fully -prepared samples of granite may crush 
with loads varying from 160 to 2,420 tons per 
square foot, but from 15 to 25 tons per ^uare 
foot is the greatest load that can be safely pt 
upon this material in practice, and e’^n then 
failure may occur from want of sufficiently 
careful bedding. 

Tensile Strength of Stone. Stone 
is never used under tensile stress, but a few' 
varieties have been tested by way of expen- 
ment. The ultimate tensile strength of some 
well-known stoijes in tons per square foot is 

as follows : / , ^ 

Craiglehfi sandstone . . •• 20 tons 

Arbro^^ (paving) sandstone 80 „ 
Hu»bie sandstone .. •• 

Qi2hae8s sandsUme •• •• ^ » 


Binnie sandstone .. 18 tons 

Chihnark limestone . . . . 32 „ 

White statuary marble 35 to 46 ,, 

Whins tone 94 „ 

Slate 617 to 823 „ 

Transverse Strength of Stone. For 
lintels, hanging^ steps, and landings, stone is 
subject to a transverse stress, but it is very 
unusual to test it for the modulus of transverse 
rupture. In the absence of data of this kind, 
the tensile strength may be made use of when a 
calculation is required. The only figures avail- 
able for modulus of rupture appear to be ; 
Sandstone . . 1,100 to 2,360 lb. per sq. in. 

Slate . . . . 6,000 to 6,040 „ 

The tables appearing further on give the range of 
strength and weight of the usual building stones. 

Physical Tests of Stone. For external 
use it is most important that a building stone 
should weather well — that is, it shoujd ' not 
decay prematurely upon exposure to the moisture 
and acids in the atmosphere. The best test of 
this quality is to inspect buildings whore the 
particular variety and from the same bed in the 
quarry has been in use for a long period ; but 
it must be borne in mind that a given variety 
may endure well in the comparatively pure air 
of the country or a small provincial town, and 
be quite unsuitable for use in a manufacturing 
town or large city. This applies especially to 
limestones and to sandstones, where carbonate 
of lime is the principal cementing material ; and 
a very fair idea of the durability of a stone^ in a 
town atmosphere may be formed by placing a 
piece of the stone in a solution containing 1 jwr 
cent, of sulphuric acid and of hydrochloric acid, 
and allowing it to remain for several days. If dis- 
integration occurs, the stone will not be durable. 

Smith’s and Brard’s Test*. What is 
known as Smith’s test is a good one for fintog 
the quantity of earthy matter contained in 
stones which may be under consideratiem. The 
stone is taken in a moist state, and small 
chippings knocked off ; these are placed m a 
glass m clear water and allowed to remain 
undisturbed for some time. The contents are 
then agitated by .giving the glass a circular 
movement with the hand. If the water remain 
practically clear, the stone is of well -cement^ 
particles, but if the water become clouded, the 
degree of murkiness will give the amount of 
un^stallised earthy 'matter contained in the 
stone. If another piece of the stone be dn^ 
and weighed and then boiled in GlauW s salts 
{sodium sulphate), and then the *“owed to 
crystallise in it. the loss of weight after drying 
again wiU represoit the damage 
Sim the effects of frost. This applies chteffy to 
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STRENGTH AND WEIGHT OF STONE 


Variety. 

Compressive Strength. 

ToDfi per sq. ft. 

% 

Specific 

Weight 
per CUD. ft. 

IVetght 
per cub. in. 

. lbs. 

Cracking 

Ultimate 

Gravity. 

lbs. 


c6mmences. 

cmshing. 




GitA5rrB8 : 

Aberdeen (grey) 

Ballyknocken (IriBh) .. .. 

Cheeeewrlng ((Jomlah) . . . . 

850 

200 to 295 

500 to 1,400 
200 

822 to 408 

400 to 955 

2*68 

2*71 

2*93 

2-66 

164 

169 

183 

166 

•095 

*098 

•106 

*096 

Irish (Tarlons) 

— 

150 to 860 

2*72 

170 

*098 

Penryn Cornwall) .. .. 

Peterhead (red) 

400 

1,285 

400 to 1,600 

2*66 

166 

*096 

Bivals (Carnarvonshire) 

— 

2,380 to 2,420 

— 



Sybnitio Granites: 

De Lank (Cornish) .. .. 

280 to 849 

868 to 1,170 

2-88 

160 

*104 

Syenites : 

Guernsey 

280 to 761 

880 to 1,160 

2*96 

185 

•107 

Herm (near Guernsey) 

— to 686 

120 to 056 

8*0 

187 

*108 

Mount Sorrel 

— 

820 

2*66 

166 

*0€6 

Basalts, Ktc. : 


1,100 




Felspathlc Greenstone 

— 

— 



Horhblendlc „ 

— 

1,580 

— 

— 

— 

Irish (various) 

— 

500 to 1,060 

— 

— 

— 

Shepton Mallet 

Whinstone 

— 

2,600 

630 to 770 

2*76 

172 

•099 

Slates ; 

Cornwall 




2-61 

167 

•091 

Killaloe (Irish) 


1,070 

— 

— 

— . 

Valentia „ 

— 

720 

— 

— 

— 

Welsh 

350 

730 to 1,050 

2-88 

180 


Westmorland 

Sandstones : 



2-79 

174 

141 

•101 

•081 

Aokworth 

— 

880 

2*26 

Arbroath (paving) .. .. 

— 

500 

2-48 

155 

*09 - 

Bramiey Fall 

120 

238 to 300 

2*28 

142 

*081 

Bridge or Grinshil 


200 to 327 

1*96 

122 

*071 

Oaitlmess 

_ 

415 

2*64 

165 

*095 

Oloseburn (red freestone) . . 



400 to 626 

2*61 

168 

•094 

Gorsohill 

__ 

445 to 635 

2*28 

142 

*081 

Cove 



650 

2*16 

185 

•078 

Craigleith 

160 

200 to 862 

2*32 

145 

*084 

Cromford 

— 

407 

2*72 

170 

‘098 

Barley Dale 

412 

460 

2*37 

148 

*086 

„ Top 

_ 

516 

2*23 

139 

*08 

Dean Forest 



630 

2*43 

161 

*088 

Doonagore or Shamrock . , 

1,676 to 1,966 i 

1,710 to 2,214 

2*72 

170 

*098 

Drumkeelan . . . . .... 


60 

2 47 

154 

*089 

Dunmore 


435 

2*29 

143 

*083 

Duntrune 


1,024 

2*72 

170 

*098 

Grimshill 

— 

2*24 

140 

•081 

Kenton 

220 

320 

2*32 

145 

-084 

Park Spring 

Robin Hood 

252 

486 

2*43 

161 

*088 


575 

2*81 

144 

• *084 

RuniKirn 


140 to 514 

2*07 

129 

*075 

Sootgate Ash or Head 


784 

2*46 

158 

•089 

Watson 'Stone 


1,710 

2*79 

174 


Whitby .. .. 

York (paving) 

— 

70 

2*11 

182 

*076 

ISO 

870 

2*51 

167 

*091 

Doloiotbs : 






Bed Mansfield 

130 

326 to 600 

2*37 

148 

•086 

White Mansfield 

LimsBTONBS : 

165 

886 to 461 

2*84 

146 

*085 

Beer.. : 


162 

2*18 

186 

'079 

Chalk 

5 

26 to 70 

1*87 to 2*79 

117 to 174 


Hopton Wood 


444 

2*63 

158 

•091 

Kentish Rag 



2*66 

166 

*096 

Limerick 



560 

2*64 

165 

•095 

Listowel 

Ooitino Limestones : 


1,200 

2*76 

172 

1 *099 

Anoaster 

110 

160 to 184 

2*24 

140 

•081 

Box Ground (Bath) .. .. 

40 to 8S 

76 to 96 

1*97 

123 

•071 

Ohilnark or Tisbury .. .. 

166 

400 

2*46 

15S 

•089 

Ooombe Down (Bath) 


117 

1*86 

116 

•067 ■ 

Corsham Down (Bath) 


94 

1*97 

128 

•071 

Doulting Freestone .. .. 

Ham HiU 

106 to 180 

100 

140 to 160 

166 to 269 

2*06 

2*24 

128 

140 

•074 

•081 

Ketton 

100 

102 to 812 

^*06 

128 

•074 

Ketton Ra< .. 

228 

678 

2-48 

155 

•09 

Portland (true roach) . . . . 

„ (Whltbed) .. .. 

— 

260 

2*48 

165 

•09 

90 

206 

2*32 

145 

•084 

„ (Curf) 

« (Basebed) ,, 

Purbeok 



2*81 

144 

*083 

90 

287 

2*20 

187 

•079 


680 

2*64 

165 

•095 

Seaeombe 

— 

— 

2*40 

150 

•087 
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porous or absorbent stones, which may hold 
moisture unduly. This is known as BrarcTs test, 
it ham however, been pointed out by C. H. 
Smith that the salt only crystallises in the 
pores without expansion, while water expands 
considerably as it freezes. 

Strength of BricRa. The strength of a 
brick varies not only with its composition, but 
with the degree of burning to which it has been 
subjected. Underbumt bricks have little initial 
strength and crumble away on exposure to the 
weather. London stocks, being formed of 
brick earth mixed with coke breeze, the burning 
out of the breeze leaves the bricks somewhat 
porous and therefore less able to resist pressure 
than the denser kiln-burnt or machine-pressed 
bricks, although this is partly compensated by 
the higher temperature tending to vitrify them. 
Bricks are tested in compression only, the frog 
being filled up with plaster of Paris and both 
sides brought to a level surface with the same 
material, and then the whole placed between 
pieces of pine | in. thick. [See Tables, page 1520.] 

Strength of BricKwork. The strength of 
brickwork depends very largely upon the strength 
of the mortar, and it is therefore very desirable 
that the quality of the mortar should vary with 
that of the bricks in order to obtain the best result. 

Hurst’s “Architectural Surveyors’ Handbook” 
gives the safe load on stock brickwork in Port- 
land cement as 5 tons per foot super ; in lias lime 
mortar as 3 tons per foot super ; and in grey 
lime mortar as IJ tons per foot super. These 
values, although low, are no doubt sufficient to 
put upon ordinary brickwork without special 
supervision. 

In the author’s practice he allows the safe 
loads in accompanying table for average cases 
where continuous suparvision is exercisea during 
building, permitting them sometimes to be 
increased by 50 per cent, in special cases of 
practically constant dead Joads. 

Brick Piers. Hurst gives a table of the 
reduction which should be made in loading 
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piers according to the number of times the height 
exceeds the least width, but the reduction named 
is very inadequate. In the writer's opinion 
an independent pier of brick or stonework 
should not in any case exceed in height 24 times 
its least width ; then, if W - the safe load on 
the material up to six diameters high, and r 
the ratio of height to least diameter, the co- 
efficient of reduction would be given by the 

formula — . For example, if 4 tons per 

square foot be the given safe load upon certain 
brickwork, this may be allowed on a pier up to a 
height of six times the least width ; but if it be 
required to carry it up to a height of 12 times 
the least width, the coefficient of reduction 


would be 


24-12 

18 


= and 4 X I = 2^ tons per 

square foot safe load. When bonded to a wall 
throughout its height, a pier is materially 
strengthened, but it is impossible to say detjnitely 
to what extent the load may be increased, as it 
depends so much upon the nature of the bonding 
and the quality of the workmanship. 


STRENGTH OF BRICK PIERS BY 
EXPERIMENT (Hurst) 

The height being less than 12 times the least width. 


Weight per 

* 

Foot Bu^r 

Varieties of Bricks. 

at which 
Cracking 
Commenced. 

Hard stock bricks, boat quality, sot 
in Portland cement and sand, 1 to 


1, 3 months old 

Ordinary well-burnt London stockg, 
set in Portland cement and sand, I 

40 tons 

to 1, 3 months old . . 

Hard stock bricks, Roman cement 

30 „ 

and sand, 1 to 1, 3 months old 

Hard stock bricks in lias lima and 

28 „ 

sand, 1 to 2, 6 months old . . 

Hard stock bricks in grey chalk lime 

24 „ 

and sand, 1 to 2, G months old 

12 „ 


SAFE LOAD ON BUILDING MATERIALS 


Material. 


Tons per 
Foot Soper. 


Granite 

Portland and compact limeBtone 
Hard York stone 
Limestone (ordinary) 

And with stone template interposed : 

Blue brick in cement 
Stock brick in cement 
Stock brick in lias mortar 
Stock brick in grey lime mortar . . 

And below the brickwork : 

Portland oement concrete (6 to 1) 

Liae lime concrete (4 to 1) 

Gravel and natural compact earth 
Made grotmd rammed in layers 

Clay requires special consideration, and no general 
rule can be laid down. Pressed gault, Fletton, and 
Leicester red bricks are intermediate in strength between 
London stocks and Staffordshire blue bricks. 



fracture load. 


the above loads might require to be 
multiplied by IJ or 2, but failure 
must be considered to occur when 
the cracking commences. 

It may be taken that the working 
loads ought not in any case to ex- 
ceed one-fourth of the load at which 
fracture commences, unless special 
care be taken in supervision during 
construction, and then for dead 
loads only the material might be 
loaded up to one-third of the frac- 
ture loads. 

R.l.B.A. Experimenta. The 

Royal Institute of British Architects 
made some valuable experiments on 
the strength of brick piers at the 
West Inffia Docks in 1890-7. The 
piers were 6 ft. high and 18 in. 
square, built in the ordinary manner ; 
some were even too ordinary, tiie ^ 
interior of hard brick piers bduiaig 
filled in with common briek» but 
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STRENOra AND WEIGHT OF STONE-^contiawd 








Variety. 

Co^ressive StrefigMa. 

Tors p3r sq. ft. 

Specific 

Weight 
per cub. ft. 
lbs. 

Weight 
per cub. in. 
lbs. 

Cracking 

commences. 

Ultimate 

crushing. 

Gravity. 

Magnesian Liuestones : 
Botoover Moor 

320 

480 

2-42 

161 

•088 

Park Nook 

118 

278 

2*20 

187 

•079 

Eoche Abbey 

. 100 to 150 

100 to 250 

2-23 

139 

•08 

Af AEDLES : 






l^abaiit (black) 

Devonshire (rea) 

— 

500 to 1,360 

2-69 

168 

•097 

800 

476 

2*61 

163 

•094 

Galway (black) 

— 

1,300 

— 

— 

— 

Italian (whitq) 

860 

620 to 1,400 

2*72 


•098 

Kilkenny (black) 

— 

070 

- 2-74 

171 

•099 

Statuary (white) 

— 

200 to 390 

2*72 


•098 

Artificial Stones : 






Ford’s Silloate-oMime . . . . 

— 

600 to 700 

— 

— 

. — 

Ransome’s 

Stuart’s Granolithic 

— 

460 to 640 

2*16 

136 

•078 

— 

562 

2-31 

144 

•083 

Victoria 

— 

414 to 560 

2*24 to 2*66 

140 to 160 

•081 to -093 


CRUSHING STRENGTH OF BRICKS 


Variety. 

Compressive Strengtli. 

Tons per sq. ft. 

Specific 

Gravity. 

Crushing 

Commences. 

Ultimate 

Crushing. 

Best London Stocks 

84 to 188 

108 to 180 

1*84 

Common Stocks 

40 to 60 

80 to 120 

1*84 1 

Place Brick (underburnt) 

10 to 16 

83 

— 1 

Bourne Red Wire-cut 

165 to 268 

240 to 359 

1*94 

Red Brick, common 

86 

188 

2*08 

Fareham Reds 

38*5 

103 

— 

Fareham Red Rubbers 

4 

25 to 62 

216 

Fletton Light Red 

126 to 199 

169 to 239 

— 

Gault 

49 

135 


„ White, Wire-cut 

40*6 to 119 

145 to 198 


„ Pressed 

30 

177 


Staffordshire Common Blue 

46 to 240 

137 to 464 

_ 

„ Dressed „ 

55 

403 


„ Pressed „ 

78 

276 



White Glazed Bricks 

69 to 166 

166 to 174 


Brown ,, ,, .. .. .. •• 

68 

83 



Terra-cotta Blocks 

— 

100 to 260 

1*95 

Dutch Clinkers 

\ 

— 

1*71 

Paving Bricks 

— 

1 

1*97 

Stourbridge Fire-brick 

90 to 167 

110 to 209 

2*2 

Welsh Fire-brick 

66 

208 

1*97 to 2*4 1 

_ ^ 1 


SIZE AND WEIGHT OF BRICKS 


Variety. 

Size in inches. 

Weight 

lbs. 

Weight 
per 1,000 

In owts. 

London Stock 

8*76 

4*25 

2*76 

6*81 

60-76 

Kiln 

8*76 

4*25 

2*76 

7*0 

63 

Fareham Rads 

8-6 

4*15 

2*6 

6*8 

66*2 

„ Rubbers 

10-9 

4*8 

2*9 

8*8 

78*6 

Lancashire Red Pressed Facing Brick .. 

90 

4*5 

8*0 

8*9 

80 

Leeds Pressed 

9*5 

• 4*6 

8*6 

10 

89 

Burham Wire-cut 

8*6 

40 

2*6 

6-4 

48*2 

Pressed 

Suffolk Brimstone 

8*76 

4*2 

2-7 

6*1 

64*6 

9*0 

4*6 

2 6 

6*8 

60*7 

„ White 

Staffordshire Paving 

9*2 

9*0 

4-8 

4*6 

2*6 

8*0 

6-8 

8*9 

66*2 

60 

Itoton’W .*. * 

Adamantine CUnker 

9*0 

4-5 

20 

61 

66 

9*0 

4*6 

80 

10 

89 

6*0 

2*6 

1-76 

2 

18 

Dutch Oilnker 

6*26 

8*0 

1-6 

1*66 

14 


im 











this being discovered in time, they weife rebuilt. 
Tested by hydraulic pressure when six months 
old, the results were as given in the following 
table. All the bricks were wire cut and without 
frogs. 


Material 

In Mortar 

1 to 2. 

In Cement 

1 to 4. 

Aver.nge 

strength 

of 

single 

brick. 

Com- 
mence 
to fail 

Final 

col- 

lapse. 

Com- 
mence 
to fail 

Final 

col- 

lapse. 

Tons 
per 
sq. ft. 

Tons 
per 
sq. ft. 

Ions 
per 
sq. ft. 

Tons 
per 
sq. ft. 

Tons 
per 
sq. ft. 

London stocks 

4-18 

10-41 

7-22 

16-03 

84-27 

Gault 

6-00 

' 21-82 

6-98 

17-98 

j 182-2 

Ditto 

6-16 

22-03 1 

7-08 

17-51 

— 

Leicester rod 

16-20 

29-93 

17-87 

67-36 

392-1 

Ditto 

16-11 

31-66 

21-82 

49-64 

i — 

Staffs, blue . . 

22-4.3 

69-22 

29-46 

84-47 

701-1 

Ditto 

21-42 

79*39 

16-91 

1 

61-14 

— 


Tests of short walls of similar brickwork 
and under similar conditions gave the crushing 
loads in tons per square foot as follows ; 


Bricks. 

Lime 

Mortar 

1 to 2 

Cement 

Mortar 

1 to 4 

Stocks 

18-63 

39-29 

Gault 

31-14 

61 -34 

Fletton 

30-68 

66-26 

Leicester red 

45-36 

83*36 

Stafford bliu» 

114-34 

136*43 


Closers in the bonding are found to be a con- 
stant source of weakness, and it is therefore 
desirable to use “ Dutch bond ” where it is 
suitable — that is, a three-quarter brick at the 
angle instead of a quarter brick closer next 
to the comer header. Bricklayers are, as a rule, 
more concerned to show a good appearance 
on the outside than to look upon the work as 
requiring to be absolutely solid throughout, and 
a very large margin is required for contingencies 
when heavy loads are to be carried. 

Strength of Lime Mortar, Grey lime, 
made from the lower chalk and called stone 
lime in London, is that generally used for 
mortar for building purposes. It is technically 
known as a poor lime because it will not bear 
the addition of much sand, the usual proportion 
being 1 of lime to 2 or 3 of sand, and it sets 
slowly on account of the absence of clay in its 
composition. 

It gradually reabsorbs carbonic acid from 
the atmosphere and gains strength by the lapse 
of time. Lime mortar is very seldom tested 
either in compression or tension ; the safe 
working loads may be taken as 50 lb. per square 
inch or 3 tons per square foot in compression 
and one-third of these amounts in tension. The 
weight of lime mortar, when new, averages 
110 lb. per cubic foot, and when old 90 lb. 
The only record of ultimate tensile stress gives 
50 lb. per square inch. 

1 Q 


MAntHlALg AND ATRUOttllltA 

Lias Mortar. Lias mortar made from 
blue lias lime sots quic'ker and attains greater 
strength than grey lime mortar, on account of 
containing a certain proportion of clay in its 
composition. It will also set in a damp situation, 
and is much used in engineering work. The 
safe working loads may taken as 150 lb. per 
square inch, or 9 tons per square foot in com- 
pression and one-third of these amounts in 
tension. 


WEIGHT AND SPECIFIC GRAVITY OF LIMB. | 


— 

Spjciflc 

Gravity. 

Weight, 
lbs. per 
Cub. ft. 

Groy chalk lime (lumps) 

-70 

44 

Stone lime (lumps) . . 

-88 

66 

Quicklime (chalk) 

•84 

.^)3 

Lyrne Regis (blue lias in lump) 

*93 

68-5 

Lyme Regis (blue lias fresh 

•87 

64*5 

ground). 



Keyiisham (blue lias in lump) 

1-0 

02-4 

Kcynshnrn (blue lias fresh 

•84 

63 

ground). 




Testing Portland Cement. The tests 
that Portland cement has to undergo depend 
to some extent upon the importance of 
the work in which it is to he used. High-class 
cement generally has to undergo the following 
tests. Ilic fineness of grinding must be such 
that, when sifted thro gh sieves of various 
sizes, the residue shp.ll not exceed : 

J per cent, with 50 holes p?r lineal inch. 

5 „ „ 75 „ 

12 „ „ KXi 

The time of set when a pat is gauged with the 
minimum quantity of water at ti0° F. and 
placed on glass shall not be less than eight 
minutes for the commencement and not more 
than five hours to set hard. The souyvdncss, or 
freedom from expansion and ^lontfaotion, is 
tested by subjecting a pat to moist air and 
warm water at 120” F. in a Faija apparatus 
for 24 hours. For tensile strength briquettes 
of neat cement gauged with the minimum of 
water on a non-porous bed and placed in water 
24 hours after gauging, shall carry an average 
strain of not less than 350 lb. per square inch 
after three days, 450 lb. after seven days, and 
550 lb. after 28 days from the time of gauging. 

Weight of Portland Cement. Portland 
cement was formerly specified by w’eight, 
generally from 110 to 120 lb. per Imperial 
striked bushel, and special precautions had 
to be taken to secure uniformity of filling 
and striking to prevent accidental or intentional 
error. It is now usual to describe it by the 
specific gravity, say 3*1, and by the method 
adopted this applies to the ultimate particles, 
not to the bulk, so that there is no direct com- 
parison between the specific gravity and the 
weight of a given volume of cement-. 

Apparatus for Testing Portland 
Cement. Complete sets of apparatus are 
provided for conveniently testing cement, as, 
for example [ 94 ], by Messrs. George Salter & Co., 
of West Bromwich, but for important works it 
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is uBual to aend sample» of each consignment 
to a specialist. As in testing other materials, 
so with Portland cement, the time occupied, 
or the rate at which the load is applied, affects 
the result ; and there are many other precau- 
tions that have to be taken to ensure a true 
comparison between various samples. A 
diagram of tests made some years ago by Mr. 
Grant, of the Metropolitan Board o^ Works, 
and corrected for probable errors is given in 
96. 

Details of the Apparatus. The testing 
machine [ 94 ] consists of a japanned cast-iron 
column, carrying a pair of compound levers, 
having a combined leverage of 60 to 1. The 
levers are fitted with tempered steel knife-edges, 
which rest on polished concave bearings, also of 
tempered steel, thus obtaining a very sensitive 
balance. A sliding balance weight for the 
purpose of setting the levers in equilibrium is 
htt^ to the upper lever. The upper clamp, 
to receive the cement briquette, is suspended 
from a knife-edge on the lower lever ; the lower 
clamp is attached to the base of the column. 


* 5 * 







94. CEMENT TESTING APPARATUS 

and is adjustable by means of a screw and a 
small hand-wheel. The supply of shot to the 
bucket is automatically out off at the moment 
the briquette breaks. 

To use the machine the levers are set “ float- 
ing ” by means of the sliding balance weight W, 
the briquette placed in the clamps, the bucket 
hung on the bridle B, the small hand-wheel 
screwed down until the end of the lever from 
which the shot bucket is suspended is as high as 
it can conveniently be, and the handle H 
pressed down until the shot flows at the desired 
rate. Immediately the briquette breaks, the 
bucket into which the shot has been poured 
falls upon the lever foot F, the sliding shutter S 
is released, falls, and outs of! the supply of 
shot. The bucket and shot are then weighed 
on a Salter's spring balance, fitted with a special 
dial, on which the breaking strain is indicated 
without any calculation. Should the shot 
become blocked, and cease to flow, a slight tap 
will restart it. A mixture of shot, No. 6 and 
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No. 10, may be used. The maximum capacity 
of stress is 1,000 lb. 

Romaii Cement. Roman cement is very 
little used at the present day. It is chiefly 
employed for repairing dock and river walls, 
where they are subject to a rising and falling 
tide, as the work may be done in portions, and 
will set thoroughly hard between each tide. It 
is generally used neat, or, at the most, with an 
equal part of sand ; but the latter reduces the 
strength considerably. The weight of Roman 
cement is from 60 to 100 lb. per cubic foot, 
and has an ultimate tensile strength, when 
neat, of 120 to 200 lb. per square inch at seven 
days. When mixed with an equal part of sand, 
the ultimate tensile strength is reduced to 
60 lb. per square inch. A diagram of the 
strength of Roman cement, from the experi- 
ments by Mr. Grant, is given in 96, but it 
shows so much irregularity that no reasonable 
correction can be m^e, and further experiments 
are needed. 

Cement Mortar. When very strong 
brickwork is required, as in piers for carrying 
heavy loads, or in underpinning, or 
where settlement has to be reduced to 
a minimum, as in bonding to old work, 
it is usual to build in Portland cement 
mortar, the proportion being 1 of 
cement to 3, 4, or 5 of sand, accord- 
ing to circumstances It is important 
that only small quantities should be 
mixed at one time, and that it should 
all be used within one hour of making ; 
otherwise, the partial setting and 
chopping up again will seriously re- 
duce the strength. In testing cement 
mortar, briquettes are made up of 
three parts of standard Leighton 
Buzzard sand to one part of cement 
by weight, but otherwise treated as 
the briquettes of neat cement. The 
average tensile strain they will stand 
-i. ^ must not be less than 160 lb. per 

square inch at seven days, and 250 lb. 
at twenty-eight days, from the time of 
gauging ; but no matter how much greater 
strength may be developed at the earlier dates, 
both neat and sand briquettes must develop 
an increase of at least 50 lb. between each 
date. [D. B. Butler.] 

The effect of age on neat Portland cement is 
shown diagrammatioally by 97, and the effect 
of mixing sand with the cement is shown 
by 98. 

Crushing tests af the mortar used in the 
West India Dock experiments of the Royal 
Institute of British A^ohiteots, referred to on 
page 1619, gave with — 

Lime mortar : 


1 to 2, at 4 weeks 
„ 12 „ 

„ 24 „ 

Cement mortar : 

1 to 4, at 4 weeks 
„ 13‘7 „ 

24 „ 


6*08 tons per sq.ft. 
8*73 
15-72 


31-46 

48*52 

56-15 




STRENGTH OF PORTLAND CEMENT 


Concrete. Lime concrete, composed of 
one parr of stone lime to six parts of burnt clay 
ballast, is used by speculative builders under 
footings of walls, whilst in sound building 
nothing less than lias lime with broken brick 
is used ; but wherever concrete is required the 
matrix should be Portland cement. The aggre- 
gate may be broken brick or stone, flint baUast, 
slag, etc., according to local facilities. A 
certain proportion of sand is always required 
to fill up the smaller interstices in the aggregate, 
and the latter should vary in size, to render 
the mass as solid as possible. The mixing 
must be very thorough, and for best results 
the concrete must be gently rammed immedi- 
ately it is put into position. The variation in 
strength, according to the proportion between 
ballast and cement, is ^own in 99, and 
Grant's experiments are shown by 100. 
The safe load may be taken as one-tenth of 
the crushing weight, unless it be mixed and 
laid by specialists, when it would probably be 
equally safe with one -fifth of the orusning 
weight, the explanation of the difference 
being that when mixed and laid by ordinary 
brio^yers' labourers the tabular strength could 
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DIAGRAMS OF CEMENT TESTS 

never be reached, and the factor of safety of 10 
would be practically diminished to 5, or less. 

The weight of lime concrete is about 120 lb. 
per cubic foot, and Portland cement concrete 
140 lb. per cubic foot. 


Continued 
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TRAVEL OUTLINES OF EDUCATIONAL TOURS ABROAD 

^Hf Itinerftiies of Travel in Russia and Greece. Holy Cities of the Gre^ 

ctefniMMi fron Chttrch. Hellas, the Home of Culture and the Arts. The Isles of Greece 


By J. A. HAMMERTON and 
RUSSIA 

The traveller who visits Russia can never 
know a dull moment. Directly we cross the 
frontier we plunge into another world. In 
“ Holy Russia we see the East and the West 
jostling each other, but never minglinjg. St. 
Petersburg is still, as Peter the Groat said of it 
when he founded his new capital, “ a window 
through which the East looks out at the West.” 
Russia is the home of the purest mediaevalism 
in full survival, and everywhere we find dur- 
selvos face to face with the customs of the 
Middle Ages in living presentation. The tourist 
comes under the spell of the fxiculiar charms 
of the enchanting climate, of the ” white nights,” 
of the vast and lovely forests, of the immense, 
flowery steppes, of the quaint B3rzantine ecclesias- 
tical art, of the picturesque architecture, and 
of the genial and hospitable people, with their 
fiassionate love of music, their singular super- 
stitions, and their beautiful language. 

A Fortnight in Russia. A holiday of 
two weeks may well l>e undertaken by those who 
wish simply to se(^ the old and new capitals, 
with Nijni Novgorod and Kazan thrown in, 
or else witli a short stay at Warsaw and CVacow 
in Poland on the way out or on the return 
journey. In fourteen days, exclusive of the 
journeys to and from Russia, which together 
will take nearly a week, a very enjoyable quick 
rtmnd may l)e accomplished, and Moscow, St, 
Petersburg, and one or two other points may 
be visited and fairly studied. Indwd, supposing 
a tourist visiting Germany can spare only a 
week in Russia, he may very well spend seven 
days in St. Petersburg and Moscow, although 
he cannot possibly do more. 

Kir.st Day. The first six days would be devoted 
to MiKht-He(>i(ig in, and excursions from, 8t, Peters- 
nt7Ru. The ('alhedral of St, J«aac, with gilded don»©. 
Hie Sanctuary lavishly adorned with malachite and 
lapis-taruh ; the sumptuous ikonostasis ; and the 
tlnvc Imautifuily decorated bronze dtKirs. which are 
the largest in the world. The Nevaki Proapekt, three 
miles long. The Admiralty, with gilded spire. 

Second Day. The Kazan Cath^ral, with mag- 
nificent oolonnade of four rows of granite pillars, 
its light and brilliant ikonostasis, and its costly and 
nunwous military votive offerings. The Goatiny 
JJvor, or colossal bazaar. Stchukin and Ajtrarin 
Markrta. The tVt. Alexander Nevaki Monaatery, with 
massive silver shrine containing the body of the 
Faint, the bed on which Peter the Great died, and 
many venerated relics. The Zoolo^cal Garden 
nhould bo x isited at night for the curious ojien-air 
entertainment. 

TntRrD Day. On the Uiird day in 8t. Petersburg, 

> iait the Winter Palace. Here, and in the adjoining 
Hermitage, are many of the most valued treasurer 
amassed by various monarohs. The Cathedral of 
St. Peter and St. Paul, with the tombs of all the 
members of the Imperial faniilv since the foundation 
of the city, excepting Peter ll., who was buried at 
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Moscow. Peter the Great' a Hut containing the boat 
knowTi as “ the Grandfather of the Russian Navy,” 
and many relics of the great Emperor. 

Fourth Day. This would be devoted to an 
excursion to Peterhof, the Imperial Palace, which 
is reached either by rail or by steamer dowm the 
Neva from 8t. Petersburg. It is the summer resi- 
dence of the Imperial family. The rooms are full of 
objects of extreme value and beauty from all parts 
of the earth. The gardens are a veritable paradise. 

Fifth Day. A trip to Kronstadt, the island 
fortress, romantically situated on the Gulf. Note 
l*eter the Great’s Btatue and Summer Garden at 
the back of the harbour. 

Sixth Day. Excursion by steamer to Schlusbel- 
BURo, at the source of the Neva, on Lake Ladoga. 

Seventh Day. The next three days would be 
devoted to Moscow. The Kremlin is the first attrac- 
tion of this histone city. The wonderful buildings 
within the Krernhn are the Cathedral of the Aaaump- 
tion, where the Tsars are crowned ; the Cathedral of 
St. Ivan, with the Taar Kolokol, or largest bell 
on earth, lying cracked at the foot of the tower ; 
the Imperial Palace ; the Cathedral of the Archangel 
Michael ; the ('alhedral of the Annunciation, etc. 

Eighth Day. The fantastic Church of St. Basil 
the Blessed ; the Great Bed Square ; the Sacred Gate 
of the HoUf Redeemer ; the Kitai Gorod, or Chinese 
City, which is the heart of Moscow and the busiest 

} )art, w'ould all claim the tourist’s attention. The 
aniouR Romanoff House could also be seen on the 
same day. 

Ninth Day. This would be taken up with an 
excursion to the Sparrow Hills, whence is obtained 
the famous view’ of Moscow ; visits to the new and 
splendid Church of Our Saviour ; and the Church of 
St. Nicholas. 

Tenth Day. Trip to Seroievo, 60 miles from 
M<*hcow% by rail. Here is the celebrated ancient 
monastery of the Holy Troitsa. at once one of the most 
sacred places in Russia and one of the ancient 
fortresses. Its walls, three miles round, its fortifica- 
tions. its groat convents with 2,000 monks and nuns, 
its relics and treasures, and its shrine of 8t. Sergius 
ill one of the five cathedrals within its walls, make 
It one of the greatest pilgrim resorts of Russia. This 
place should not be missed by the tourist who desires 
to see Russian life. 

Eleventh Day. Nijni Novgorod. In the latter 
end of summer, the Great Fair is held here. It is 
the largest in the world, and is of incomparable 
interest. The old town, on its amphitheatre of hiUs, 
is a place wonderfully situated, at the junction of 
the grand Volga and Oka Rivers. The old Kremlin, 
with its Cathedrals, is of immense antiquity, and full 
of national associations. 

Twelfth Day and Thirteenth Day. Sail down 
the Volga to Kazan. A delightful river trip, on 
Europe’s grandest stream. The old Tartar City at 
Kazan is one of the most singular sights of Russia. 
The tourist will return by night train to Moscow. 
And thus he has spent a fortnight in Russia, and has 
gained an excellent acquaintance with one of the 
w’orld’s most interesting lands. 

Longer Tours. Three weeks in Russia 
would enable the tourist to see Kieff, the most 
famous of the holy cities, with its rewered 
shrines, or lavras, and also to visit Tula, the 
“ Birmingham ” of Russia, and Yasnaya Polyana, 
the estate near by belonging to Count Lw 
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Tolstoy. In addition, a ct^aple of da3r8 might 
be devoted after leaving Russia ta the charming 
capital of Poland. For Warsaw repays a visit 
as well as any city in Europe. 

A morUh would allow the traveller to extend 
his journey so as to take in a glimpse of the south, 
seeing Odessa on the Black Sea and the beauty 

r ts on the Crimean Riviera. Livadia, where 
Imperial Palace is situated, and Sevastopol 
may thus be visited. 

Travel and Expense. In Russia, so 
vast is the territory, and so far apart are the 
chief centres of interest, that much time is 
necessarily spent in railway travelling or in 
voyages on the great rivers. But the accommo- 
dation is luxurious, alike on the trains and in 
the magnificent “ palace steamers,” which re- 
semble those of America. The little “ droshky,” 
the national cab, is an exceedingly cheap 
conveyance, used everywhere in the cities, in 
which also electric tramways abound. The 
long journeys should be undertaken by night 
in the sleeping cars, or on the steamers, as valu- 
able time is thus saved, and Russia is not a land 
of grand scenery. Its “sights” are its cities, its 
churches, its palaces, its ancient, vast, and 
marvellous monasteries, and its curious places of 
popular entertainment. These a/ford endless 
interest, while the phases of native life fill 
the mind of the observer with constant wonder. 

The cost of travel in Russia must be reckoned 
at about a pound a day. The fare to St. Peters- 
bmg from London is, by the Calais-Cologne- 
Berlin route — 1st class, £11 16s. 2d.; return, 
£18 13s. 4d. ; 2nd class, £8 Ss. 6d. ; return, 
£13 68. 1 Id. But from Londoner Hull by steamer 
the charge is only £5 158., return £9 lOs., and 
the voyage through the Baltic is delightful. 

Hotels and Food. The hotels in the 
large cities of Russia are generally excellent. 
Nearly all the waiters are young Tartars, who 
are first-rate servants. Very good restaurants 
abound. Russia is a land of rich and gross 
abundance of food. All sorts of peculiar 
national dishes astonish the visitor from the West. 
Sterlet and sturgeon are constantly placed on 
the table, deliciously prepared. The popular 
soups — “ borsht ” and “stchi” — are always in 
evidence. Mushrooms are gathered in enormous 
quantities, and served up in endless varieties 
of dishes. The tea is excellent, prepared in the 
national utensil, the “samovar.” It is usually 
taken with a slice of lemon in it, without milk or 
siigar. The famous, but deleterious spirit, 
“ vodka,” should be shunned, but many varieties 
of the drink called “ kwas ” are both delicious 
and harmless. 

Literature. Books on Russia are now 
numerous. “ Russicln Rambles,” by Miss Hap- 
good ; “ Moscow,” by Wirt Gerrare ; “ In 

Joyful Russia,” by J. A. Logan ; “ Russian 
Pictures,” by T. Mitchell ; “Russian Life in 
Town and Coun^,” by Francis H. E. Palmer ; 
“ Out of Doors in Tsarland,” by F. Whishaw ; 
Miss Morris’s “ Summer in Kieff ” ; and, above 
all, Wallace’s great work in two volumes, 
entitled “ Russia,” should all be studied. 


GREECE 

Year after year the classic realms of Greece 
are frequented by increasing numbers of tourists 
impressed by the wish to make acquaintance 
with ' the matchless architectural memorials 
of Hellenic genius. Whether we tread the soil 
of the Peloponnesus or the Morea, of Achaia or 
of Argolis, of the Hydra Country which was the 
land of Hercules, or of Agamemnon's kingdom 
round Mycenap, we come alike under the glamour 
of the world’s golden age of poesy and mythology, 
and we feel the spell of Pericles and Demos- 
thenes in Athens, and of Herodotus and Thucy- 
dides in all the magic regions where romantic 
histories have left their monumental vestiges. 
A tour in Greece, the “ Holy Land of the Ideal,” 
is one of the chief essentials in a complete 
educational programme of travel. Wo go to 
beautiful Hellas to see the memorials of some 
of the most wonderful “ beginnings of history.” 
But apart from its associations with the imperish- 
able heroism of antiquity, modern Greece is 
replete with unique charms that appeal to every 
cultured mind. Perennial sunshine, lovely 
mountain ranges, valleys abounding in flowers 
and fruits, and a most picturesque people, 
speaking the melodious tongue directly descended 
from the diction of Homer and Sophocles, all 
contribute to the peculiar attractions of the 
little country fringed by a glorious archipelago. 

Many tourists manage to spare a week in 
Greece on their way further eastward. This 
shows only a very small fraction of the country, 
but even so brief a visit is a delightful episode, 
During a week the Pira?u8, Athens, Nauplia, 
Eleusis, Daphne, Corinth, and Patras can bo 
seen, although the glimpse of each of those 
places will, of course, b<^ hasty. But the 
round can be accomplished, as the distances 
are very short and communication is easy. 

A Fortnight in Greece. Two weeks 
afford excellent scope for viewing many of the 
spots that appeal most powerfully to the interest 
of the visitor. 

First Day. The PiRiBus is tho great harbour 
commonoed by Themistocles. Train journey of half 
an hour to Athens. Here the visitor is in the midst 
of a world of wonders. The ArropoUa, crowned by 
tho white marble Parthenon, erected in honour of 
Minerva. Clustering on and about tho Acropolis are 
the Temple of Victory, the Erectheum, and the 
Propyl(?a. The view from the summit is glorious. 
The Pnyx Hill, associated with tho eloquence of 
Demosthenes and Pericles ; the Bema, whence the 
orators spoke, intact in its steps to-day ; Mara HiU, 
or the Areopagus, with which the name of the Apostle 
is for ever connected, near by. The Priaon of 
Socratea. 

Second Day. On the second day in Athens, 
visit the Temples of Bacchus and of Dionysus. 
These are perfect white marble specimens of the open- 
air theatres of the ancient Hellenes, where the 
tragedies of .^chylus, the comedies of Aristophanes, 
etc., were acted. The, Porch of Hadrian ; the 
Panathenaic Stadium ; the beautiful Temple of 
Theseus, almost the oldest edifice in Athens, and the 
most absolutely perfect. 

Third Day. The third day in Athens will be 
devoted to the House of Dr. Schliemann (permission 
being obtained from Madame Schliemann to view 
the wonderful museum here), the Hagia Triada, or 
Holy Cemetery, unearthed a few years ago, containing 
the wonderful old Street of Tombs, all with figures in 
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high retief» life aua, white marble. The grotipf are 
marvellotie and moat patheiie ; ibe Roy<u Oardens ; 
the Museum, oontaining a magnifioeni collection 
antiquitiee. 

Foubtk Day. Excursion to Nxw PsALEmoK. by 
light railway. Here a delightful eea*bath may be 
enjoyed. 

l^rni Day. Excuieion to ELKuaie. Wonderful 
mine itrew the route along the Sacred Way to the 
■oene of the ancient Eleueinian ll 3 reterieii. The road 
through the prette Pa$$ of Daplme. Grand 
view from the top of the Paae. Mcnantery of Daphne. 
Eusuaia, the birthplace of .Eeohylus. Here are the 
maeeive ruine of the OruU Propyla>,a, built by Hadrian, 
of the lAeeer Propylasa, with the chariot rute made 
agea iq^o. the plateau where etood the great and 
famous Temple of the Myeteriea, uid the Chapel of 
the Panagia ; here, ah'), ia a email Temple of Artemis. 

SlETR Day. Excursion to Maeathon. This can 
be done by a carriage- in a day. From the ridge 
over which the road naaeee is obtained a magnifi- 
cent view of eoa. islande. and mountains. The 
stopping'plaoe is a solitary farmhouse in the middle 
of tne Plain of Marathon ; close by ia a mound 
called Soros, from the ton of which is secured a survey 
of the whole Battlefield of Marathon, where was 
settled the fate of Greece. This is the mound 
erected over the bodies of the Athenians who fell in 
the momentous fight. 

Seventh Day. Corinth. An interesting day 
may be spent in walking about the town of New 
Corinth. The little shops, the curious little houses, 
the ovens in the middle of the streets, and the 
typical native market, with fanners, peasants, and 
their wives and daughters in national costumes, are 
specially attractive to the stranger. 

Eiohth Day. The village of Old Corinth. The 
day will be 8|.)ent, after seeing the wonderful ruins 
of an ancient Temple, and a visit to the Bath of 
Aphrodite., in an e.xcur8ion to the majestic Aero- 
Corinth. The ascent is not arduous, and the view 
from the summit is by many considered the most 
marvellous in Europe, It embraces the snow-clad 
Parnassus, and the beautiful ranges of Lykabettos. 
Hyrnettos, Laurion, Helicon, and Kithairon. In 
descending, we visit the famous Fountain of Pirene, 
fabled to have gushed forth from the stroke of the 
hoof of P^asus. 

Ninth Day. This day will be spent in the long 
carriage drive from Corinth to Mycena?, Tiryns. and 
Nauplia. Such a day is scarcely te l)e rivalled in 
any tour. The journey takes the traveller amongst 
the most curious prehistoric cities. At Mycena:, 
we are in Agamemnon's land. Here is one of the 
^loopean cities, another being at Tiryns. The 
Treasury of Atreus and Agamemnon's Tomb are 
among the wonderful relics of the Homeric Age at 
Myoono^. Between Mycon« and Tiryns, the road 
runs through the Land of the Hydra, the scene of 
the exploits of Hercules. After seeing the Cyclopiean 
Piilaoe at Tiryns, the tourist arrives in the evening 
at Nauplia. 

Tenth Day. The tenth day affords an enjoyable 
opportunity of staying at the beautifully situated 
marine stronghold of Southern Greece, Nauplia. The 
Acropolis, and the Fortress of Palamid. 

Eleventh Day. By train from Nauplia to Argos. 
The wonderful ancient Greek Theatre, which w'ould 
hold 20,000 spectators ; the lofty Acropolis on the 
Hill of Larissa ; grand view from the summit. 


Twelfth Day. Train to Kalamata. This is a 
pleasant port. From this point an exounion is made 
to the kuine of Meeeene, the ancient oapital of 
Meminia. Seven of the original thirty grand towen 
stand in the midst of the splendid remains of Um 
rival to Sparta. On a hill near by. the Monastery 
of Vurkano gives a noble view of the surrounding 
beautiful district. Note the fine old Arcadissn Gate ; 
the ancient Theatre, an ivied ruin, and the StadiMm. 
Return to Kalamata. 

Thirteenth Day. Proceed to Mboara ; a moet 
interesting town of 6,000 inhabitsnto, with fine 
remains of the grand ancient iown. The Platia, on 
the site of the ancient Agora. At Easter, the famous 
dances of the season are performed at Megara, and 
thousands flock to witness them. 

Fourteenth Day. Return to Athens. 

Lonser Tours. Three weeks will give 
the tourist a very excellent extra opportunity 
of seeing other most desirable points of interest. 
The third week could be best used for visiting 
Sparta, Ithome, Taygetus, Olympia, and Patras. 

A month would enable the traveller to add to 
his experiences by a supplementary week for a 
trip through certain ol^sic northern districts, 
including Delpbi, the region round Parnassus, 
OrchomenoB, ITiermopylaB, Thebes, and Platesa. 

Travel and Expense. The pleasures 
of travelling in Greece are enhanced by the 
peculiar conditions of daily life. The people 
commonly drink wine called “ resinata,” b^ause 
it is strongly flavoured with resin, as they 
imagine this is beneficial to their health. Very 
little buttrer is eaten. Fruit is very plentiful. 
The cost of travelling is somewhat high, for 
much of it must be done by carriage driving, 
and a guide is necessary eveiywhere. The 
expense should not be reckoned at less than 
.3 ()b. a day on the average. A Ist class ticket 
from London to Athens by the cheapest route 
costs £14 198. 4d ; 2nd class, £10 8 b. 8d. 

Language. The pleasure of a visit to 
Greece is immensely enhanced by a little ac- 
quaintance with the language. Anyone who is a 
scholar in ancient Greek can in a very few weeks 
acquire an elementary knowledge of Romaic, 
or modern Greek, for this is wonderfully similar 
to the primitive classic language. The natives 
are specially pleased to give attention to those 
who have taken the trouble to make some 
a(*quaintance with their beautiful dialect. 

Literature. Books on modern Greece 
are abundant. Amongst the best for the 
intending traveller are Diehl’s “ Excursions in 
Greece,” Lord Carnarvon’s “ Athens and Morea,” 
Agnes Smith’s “ Greek Life and Scenery,” 
Barrow’s “ Isles and Shrines of Greece,” Arm- 
strong's “Two Englishwomen in Greece,” 
Tuckerman’s “ Greeks of To-day,” Jebb’s 
“ Modem Greece,” and Millar’s “ Gre^ Life.” 


Continued 


1526 








Group i6 

HOOSEKEEPIHO PROVISIONS IN SEASON 

Q 

Rules for Making Stock, Milk Puddings, Pastry, Batters 
Cakes. Table of Provisiotts for Each Month of the Year 


Pac» tm 


Rulbs for Making Stock from 
Fbbsh Meai 

1. Use good fresh ingredients, and see that 
the pot is clean. 

2. With one quart of cold water use one pound 
of raw meat and bones. 

3. Chop the bones small, out the meat into 
small pieces, and let these soak a little in cold 
water before cooking. 

4. Leave the vegetables whole, after cleaning 
them, or merely cut them in halves. Add them 
when the stock has boiled and been skimmed. 

5. Take out the vegetables when they are 
tender, as by then their flavour will have been 
extracted, and they will then dfjsorb the flavour. 

6. Bring the stock slowly to the boiling 
point. 

7. Simmer it steadily, unless much bone is 
used or gristly portions, when it must boil more 
quickly to soften the gelatinous matter. Gelat- 
inous stock is very digestible, but contains less 
flavour and nutriment than if made from lean 
meat. 

Rules for Baking Milk Puddings 

1 . Use barely two ounces of rice, sago, tapioca, 
semolina, etc., to each pint of milk ; otherwise, 
if more be taken, the starch grains, which swell 
to about three times their original size, have not 
room to swell. 

2. Cook milk puddings very slowly, so that 
the starch grains have time to soften, swell, 
burst, and thicken the milk, making it rich and 
creamy before the latter is wasted by evapora- 
tion. 

3. If eggs are added, specially slow cooking is 
needed, and the mixture should be cooked 
before the beaten egg is added, or it will curdle. 

4. Small grains and powders, such as semolina, 
small sago, cornflour, etc., should be boiled 
first in the milk before being put in the dish 
or they cook unevenly. 

Rules for Rehsaiing Cold Meat 

1. Cut ofl all bones and rough pieces, put 
them into a pan with enough cold water to 
cover them, aad a little salt, onion and parsley, 
and boil them down for stock. 

2. Always use this stock for gravy, never 
water, or the dish is weak and insipid. 

3. Do not put the meat into cold gravy, or the 
juices will be extracted and the meat rendered 
tasteless ; nor yet into hoiUnff gravy, or it will 
be instantly haraened and made tough. 

4. Carefully fry the flour used for^ickening, 
so that the gravy is not too pale or dark ; also 
see that it is of a s^d consistency — not watery, 
nor yet like porridge, 

5. Remembw the meat has already lost some 
of its flavour in the first cooking, so somewhat 
high seasoning is required. 

im 


6. Also the meat is already cooked, so it must 
only be reheatedy on no account recooked, not 
even gently simmered. 

7. Let the meat of curries, hash, etc., remain 
in the gravy long enough to be well flavoured 
by it. 

8. Where meat is to be exposed to great heat, 
either by frying or baking, protect it by a cover- 
ing of egg and crumbs, potato or batter, etc. 

Rules for Making Pasiey 

1. Make it in a cold place if possible. 

2. Keep hands, utensils, and ingredients as 
cool as possible, or the pastry becomes heavy. 

3. Rub in the shortening lightly with the 
tips of the fingers, as they are the coolest part 
of the hand. 

4. Add the water carefully, so as to avoid 
making the pastiy either too dry or moist. If 
the former, it wiU be hard and chippy ; if the 
latter, heavy and sodden. 

5. Handle pastry as little and as lightly as 
possible. 

6. Use the rolling-pin lightly, and with even 
pressure. 

7. If baking powder is used, bake the pastry 
as soon as possible after adding the moisture, or 
the carbonic acid gas thrown off the baking 
powder, when moistened, will have forced its 
way out of the paste, and the effect of its action 
will be lost. 

8. Bake pastry in a very hot oven, to expand 
the air in it and thus bit up and lighten the 
flour. 

Rules for Batters 

1. As the name indicates, all these mixtures 
must be thoroughly and correctly beaten, in order 
to introduce air into them, for, as this air forces 
its way out of the batter and expands with heat, 
it raises it, making it light. 

2. Eggs and milk must be stirred in gradually 
and smoothly, or lumps will be formed. 

3. Never add more than half the liquid 
before beating, or it will be so thin that it will 
splash ; also it cannot, for the same reason, 
form a sufficiently strong film round the air 
bubbles to retain the air which will be beaten 
out again with the next blow of the spoon. 

4. After all the liquid is added, batters 
should stand if possible, because starch grains 
soften and swell in cold liquids, thus rendering 
their cooking more quicluy and more easily 
performed. 

5. All batters become tough speedily as they 
cool, and therefore must be servra immediately. 

Rules for Cake Making 

1, Use good ingredients, dry flour, clean 
fruit 

2. Beat egn, buttw, and sugar well to lighten 
the cakes o^re the ^ur is added — not after- 
wards, or the cakes wiU be heavy. 





TABLE OF PROVISIONS FOR EACH MONTH OF THE YEAR 


Meat. 

'%.h. 

Poultry. 

Game. 

Vegetables. 




January 


Beef 

Mutton 

Pork 

Veal 

Brill, Cod, Dory 
Haddocks. Flounders 
Kels, ICackerel 

Herrings, Soles, Mullet 
Turbot, Smelts, Sprats 
Whiting, Plaice 
Whitest, Oysters 
Lobsters, Prawns 

Turkeys 

Fowls 

Geese 

Pigeons 

R^biU 

Partridges 

Venison 

Wiki Duck 

Quails 

Widgeon 

Pheasant 

Snipe 

Artichokes 

Brussels Sprouts 
Cabbages, Carrots 

Celer> , Cauliflowers 
Leeks, Onions 

Parsnips, Spinach 
Turnips, Seakale 
Tomatoes, Salsify 
Swedes 




February 


Beef 

'Mutton 

Veal 

Pork 

Brill, Cod, Cockles 
Crabs, Flounders, Eela 
Haddocks, Halibut 
Hake, Herrings 
Lobsters, Macrerel 
Mullet, Mussels 

Oysters, Pike, Perch 
Plaice, Prawns, Salmon 
Shrimpih.^^^^* Sprats 
Tench. Turbot 

Lemon Soles, Whiting 
CrayAsh 

Capons 

Chickens 

Ducks 

Geese 

Rabbits 

Turkeys 

Guinea Fowls 

Hares 

Partridges 

Pheasant! 

Plovers 

Snipe 

Woodcock 

Beetroot, Broccoli 
Cabbages. Carrots 
Celery, Celeriac, Leeks 
Lettuces, Onions 
Mushrooms. Parsnips 
Salsify, Seakate, Sorrel 
Sprouts. Turnips 

Shallots 




March 


Beef 

Veal 

Mutton 

Pork 

Lamb 

Dory, Eels, Flounders 
Mackerel, Haddocks 
Scallops, Shrimm 
Sprats, Trout, Turbot ' 
Smelts, Lobsters 
Oysters, Crawfish 
Crayfish. Whitebait 

Chickens 

Ducks 

Geese 

Fowls 

Black Game 

Wild Duck 
Oapcrcailsie 

Hares, Teal 
Widgeon 
Woodcock 
Ptarmigan, Quails 

Artichoke, Asparagus 
Beetroot, Cucumbers 
Shallots, Leeks, Kale 
New Potatoes (from 
Jersey) 

Salsify, Spinach 
Tomatoes, Mushri^oms 




April 


Beef 

Mutton 

Pork 

Veal 

Lamb 

Whitebait. Turbot 
Trout, Smelts, Shrimps 
Salmon, Scallops 
Oysters, Crab, Cod 
Mackerel, Haddocks 
Flounders, Gurnet 
HaUbnt 

Chickens 

Fowls 

Ducks 
Ducklings 
Guinea Fowls 
Rabbits 

Ptarmigan 

Quails 

Wild Geese 

Wild Duck 

Black Game 
Prairie Hens 

Artichokes, Beetroot 
Cucumber, Carrots 
Chervil, Seakale 
Lettuces, Leeks 

Onions, Parsnips 

Salsify, Spinach 
Asparagus 

Savoys, Tomatoes 
Turnips, Mushrooms 




May 


Beef 

Mutton 

Lamb 

Pork 

Veal 

1 Brill, Crabs. Eels 

Dory, Gurnet 

Halibut, Lobsters 

1 Herrings, Mackerel 
Plaice, Prawns, Soles 
Salmon, Trout, Whiting 
Whitebait, Smelts 

Chickens 

Ducklings 

R abbits 
(Guinea Fowls 

Leverets 

Quails 

Plovers’ Eggs 

Artichokes, Asparagus 
Beetroot, Carrots 
Cucumbers, Leeks 
Lettuces, Spinach 
Turnips, Corn Salad 
Radishes, Onions 
Tomatoes 

Now Potatoes 




June 


Beef 

Mutton 

Lamb 

Veal 

Brill, Haddocks, Carp 
Gurnet, Halibut 
Mackerel, Plaice 

Salmon, Solea, Shrimps 
Turbot, Trout 

WhitiBg, Whitebait 
Crabs, ^awns 

Chickens 

Capons 

Ducks 

Goslings 

Turkey poults 
Rabbits 

Hares 

Quails 

Venison 

Plovers' Eggs 

Asparagus, Beetroot 
Carrots, Cucumbers 
Cabbage Lettuces 

Leeks. Spinach, Peas 
Badisbes, Mushrooms 
French Beans 

Mustard and Cress 

Salads 




July 


Beef 

Mutton 

Lamb 

Veal 

Carp, Flounders 
Gumet^Haddocks 

Dory, Herrings, Pike 
Red and Grey Mullet 
Turbot, Shrimps 

Skate» Whiting 
Whitebait 

Seoteh Salmon 

Madcereh Plaiee, Soles 
Lobsters 

Chickens 

Ducks 

Pigeons 

Eabbito 

Turkey poults 

Plovers' Eggs 
Quaito 

Leverets 

French, Kidney, and 
Broad Beans 
Cauliflowers, Carrots 
Peas, Potatoes 

Radishes, Chervil 

Scarlet Runners 
Tomatoes, Sninach 
Sorrel, Saisity, Turnips 
Marrows, Salads 
Asparagus, Cos Lettuce 
Musbroonni, Potatoes 
Cucumbers, Endive 


Apples, Ocanses 
Nuts, Pears, Grapes 
Bananas 
Forced Rhubarb 
Pineapples 
Italian Figs 


Apples, Oranges 
Nuts of all kinds 
Winter Pears 
Forced Rhubarb 
Pines 


AppleSj^Oranges 
Pears, Bananas 
Grapes, Cape Fruit 
Forced Rhubarb 
Russian Cranberries 
Seville Oranges 


Apples, Bananas 
Oranges, Grapes 
Pears, Lemons 
Limes, Rhubarb 
Grape Fruit 
Cranberries 


Apples, Bananas 
Grapes, Gooseberries 
Rhubarb 

Oranges, Pineapples 
Forced Strawberries 


Cooking Apricots 
Bananas, Cherries 
Currants of all kinds 
Figs, Raspberries 
Gooseberries 
Oranges 

Strawberries, Limes 


Apricots, Cherries 
Currants of all kinds 
Gooseberries Melons 
Nectarines, Peaches 
Raspberries, Figs 
Strawberries, Grapes 
Qape Fruit 
Pineapples 
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I TABLE OP PROVISIONS FOR 

EACH MONTH OF THE YEAR— Continued 

Meat. 

Piih. 

Poultry. 

Game. 

Vegetables. 

Fruit 

Beef 

Mutton 

Veal 

Lamb 

Brill, Carp, Cod, Crnbi 
.Dory, Bela, Fioundere 
Gurnet, Haddocki 
Halibut, Herriupd 
Lobaters, Mackerel 
Mullet, Plaice, Perch 
Prawns, Salmon 
i!hrlnipe, 8ole», Tench 
Turbot. Whiting 

Chickens 

Ducks 

Fowls 

Plgeuus 

Rabbits 

Green Geese 

August 

Grouse 

Leverets 

Plover* 

Wild Duck 
Blackcock 

Artichokes, Beans 
Carrots, Celery 
Cauliflowers, Leeks 
Mushrooms, Salsif.\ 
Salads of all kinds 
Spinach. Turnips 
Scarlet Runners 
Marrows, Endive 

Applet, CherrlM 
Cnrrantt, Damtoni 
Figt, Gooseberries 
Lemons, Grapes 
Mulberries, Peaches 
Pears, Raspberries 
Plums, Pineapples 

Lamb 

Veal 

Beef 

Mutton 

Brill, Crabf, Cod 

Dory. Bel, Flounder* 
Gurnet, Haddock* 
Herrings, Halibut 
Lobster. Mackerel 
Mullet, Oyster*. Plaice 
PruwiiQ. Kolei, shrimp* 
Bkat^, Turbot 

Whiting 

Chickens 
Ducks, Fowl* 
Green Geeie 
Turkeys 
Pigeons 

September 

Grouse 

Hares 

Leveret* 

Partridges 

Plovers 

Teal 

Blaek Game 

Widgeon 

Wood(v>ck 

Brussels Sprouts, Beans 
Cabbages, Carrot* 
Leeks, Cauliflowers 
Celery, Lettuces 
Mushrooms 
Horseradish, Onions 
Jerusalem and Globe 
Artichokes 

Parsnips. Pes* 
Radishes, Salad 
Shallots, Tomatoes 
Tuniips 

Apples, Cherries 
Damsons. Bananas 
Blackberries, Figs 
Grapes, Nuts 

Medlars, Peaches 
Pears, Hum* 

Quince*. Walnuts 
Nectarines 

Beef 

Mutton 

Veal 

Pork 

Brill. Bass. Cod 
(5rabi, Dory^, Eel* 
Flounders, H addocks 
Herrings, Halibut 
lX)bBter. Mullet, Plaice 
Oysters, Smelts, Sole* 
Whiting, Turbot 

Green Geese 
Chickens 

Duck* 

Pigeons 

Rabbits 

Turkeys 

October 

Grouse, Hares 
Moor (lame 
Partridges 
Pheasants 

Plovers, Snipe 
Teal, W'idgeon 
Woodcock 

Wild Duck 

Artichokes, Broccoli 
Cabbages, Cardoon* 
Cauliflowers, Celery 
Leeks, Onion* 

Parsuif)*, Radishes 
peas, PotaGiCs 
Tomatoes, Turnips 
Spinach, Savoys 
Shallots, Salads 

Almonds, Apples 
BuHaces, Damsons 
Fig*, Hazel Nuts 
Mulberries, Peaches 
Pears, Quinces 
Blackberries 

Walnuts 

Cranberries, Sloes 
Chestnuts 

Beef 

Mutton 

I’ork 

Veal 

1 

Brill, (’arp, Cod 
(’ocklos. Dory. Eels 
Flounders, Herrings 
Hnll')Ut. Haddocks 

Red and Grey Mullet 
Plaice, Per<'h. Plko 
Soles, Scallops, Smelts 
Skate, Shrlmtm. Turbot 
Tench. Whiting 

Oyster* 

Capons 

Clilcken* 

Ducks 

Fowls 

Geese 

Rabbits 

November 

Grouse ' 

Hares 

Pheasants 

Partridges 

Ptarmigan 

Snipe 

Teal 

Widgeon 

Woodcock 

Plover* 

Artichokes, Beetroot 
Brussel* Sprouts 
Carrots, Celery 
Caullflowers.Cucuinbcrs 
Greens, Garlic 

Potatoes, Parsnips 
Savoys, Spinach 
Tomatoes, Turnips 

Leeks 

Spanish, Pickling, and 
Cooking Onions 
French Beans 

. Apples, BuHaces 
Chestnuts, Grapes 
Lemons, Melons 

1 Oranges, Pines 

Pear* Quinces 
Walnuts, Nuts 

Beef 

Mutton 

Pork- 

Veal 

Brill, Carp, Cod, Dace 
Dory, Eels, Flounders 
Gurnet. Haddocks 
Halibut, Herrliitfs 

Ling. Lol)8ters, Mussels 
Mackerel, Oysters 

Perch, Pike, Soles 
Scallops, Smelt* 
Shriniiw. Tench 

Turbot, Whiting 

Chickens 

Fowls 

Ducks 

(ieose 

Rabbits 

Turkeys 

December 

Wild Duck 
Capercaillie 

Pintail Duck 

Wild (ieese 

Grouse (till 10th) 
Woodcock, Teal 
Widgeon, Snip? 
Ptarmigan 

Venison 

Grey and Golden 
Plover* 

Brussels Sprouts 
Artichokes, Celery 
Beetroot, ('Uciimbcrs 
Greens. Horseradish 
Kale, Lettuces 

Parsnips, Shallots 
Savoys, Salsify 

Spinach, Tomatoes 
chervil 

NuU of all kinds 
Bananas, Apples 
Grapes, Lemons 
Oranges. Tangerines 
Forced Rhubarb 

Dates, Figs, Melons 


3. Always mix in the flour before the fruit. 

4. Line cake* tins with layers of greased paper^ 
to protect the cakes from burning. 

5. Bake large cakes slowly, or they will be 
burnt on the outside before being cooked 
inside. 

‘6. Bake small cakes quickly, or they become 
dry and hard — espeoialiy if they are not sup- 


ported by tins, as then, unless it is set quickly, 
the mixture spreads flat out on the tin. 

7. To know if cakes are cooked enough, push 
a skewer through the thickest part, and see if 
it is quite bright and clean on being pulled out. 
If BO, they are cooked ; but not if the skewer 
appears greasy or has some soft mixture 
sticking to it. 


Continued 
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moment, yet errors are not so easily rectified as 
when using stumping chalk, for the pencil lines 
are apt to be smear^ and thus leave a greasy 
appearance when rubied with the indiarubber. 
There is also the objection of shine.’' Most 
beginners have not that light and certain touch 
which is required to obtain satisfactory results 
with the pencil. Yet a few lines of shading 
properly put in quickly give the appear- 
ance of roundnesB or solidity to an outline 
drawing. 

4. Academy Chalk. This has not the objec- 
tion of “shine,” but, like the lead pencil, requires 
a delicate and certain touch to obtain really good 
results. It is a very good medium for those 
students who know exactly what value of tone 
is wanted before they put it down on paper, 
which, of course, means the student must have 
had a good training in judging tone values before 
he can use academy chalk successfully. 

5. Charcoal. This is a medium very much 
used in drawing from the antique or from the 
living model, and often by beginners in shading 
fiom simple objects, or from a cast of an orna- 
ment. Errors may be very easily corrected, as 
the charcoal rubs off more easily than any other 
medium ; but when the drawing is completed 
it may be “ fixed” by spraying on it some 
shellac or gum arabic dissolved in spirits of 
wine. Charcoal is sometimes used with white 
chalk for drawing on coloured paper ; brown 
paper will do admirably, its colour being utilised 
tor the half tones, the charcoal for the shadows 
and shades, and the white chalk for the high 
lights and lighter tones of the drawing. 

6. Pkn-and-Ink. Tnis medium is for 
advanced students, as considerable knowledge 
in drawing and shading is required before 
pen-and-ink work can l)e satisfactorily 
necumplished. 

Principles of Light and Shade. The 

student must rememlK^r that he is now to 
represent objects, not by outline alone, but by 
means of light and shade ; and that, although he 
makes a preliminary sketch in pencil, the outline 
mtist not appear in the finished shaded draunng, 
as there are no outlines in Nature, only edges, 
which are sometimes visible as light against 
dark, or vice versA. Often the edges are lost in 
shade, or it may be that two adjoining surfaces 
art^ of exactly the same tone, and so tbe edge is 
invisible. Pieginners often make great mist^es 
about edges, ^cause, knowing they are really 
there in the objects, they feel that they must be 
put in ; but students must remember the rule : 
“ Draw what you see.” It will be found that a 
better sense of atmosphere and relief will be 
shown if the edges are lost, softened, or sharpened 
in their proper places. 

Tonca Impossible to Represent. 

There are so many various values of lights and 
darks in the objects around us that at first the 
student may be bewildered, and not know what 
to do. Sometimes the contrast between the 
“ highest,” or brightest light, and the “ lowest,” 
or ofurkest dark tone is so great that, although 
we may be able with black chalk to obtain a 
tone as dark as the darkest shadow, it is impos- 
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sible to represent the bdlliant light with the 
means at our disposal, for neither white paper 
nor white paint is bright enough. Fmr example, 
it is impMsible to represent accurately some 
brilliant aitificial li^t, and artists often over- 
come this difficulty W placing a small screen or 
shade in front of the brilliant light ; then, 
although a good deal of light is seen around the 
screen, yet the value in tone of the visible light 
i» not BO bright compared with the darker tones, 
and can be more truthfully r^resented. 

Lighting the Group. The preceding is, 
of course, an extreme example, ana in ordinary 
cases we do not get such marked difference 
between “ high ” light and darkest shadow. 
The student should take considerable pains in 
arranging for the “ lighting ” of the object 
or objects he is studying. The light should 
come, preferably, from the left-hand side of the 
student, so that it slants down at an angle of 
about 45 degrees ; care must also be taken to 
obtain a harmonious balance of light and shade. 
With artificial light it is difficult to avoid hard, 
sharp -edged shadows, which rarely, if ever, have 
an artistic effect ; but if a shade of “ frosted ” 
glass be placed over the light a more diffused 
illumination will be obtained, and will cause the 
edges of the shadows to be softer. If the objects 
are lighted by daylight, avoid letting the direct 
rays of the sun shine on the group, for the light 
and shade would change every minute, as the 
sun appears to move, and, also, the shadows 
would be sharp and hard. The best light is 
diffused daylight. 

Different ** Keys of Light and 
Shade. A drawing may be made in any “ key ” 
of light and shade. For example, a silver point 
drawing is in a much lighter or higher key of 
tone than a study executed in Conte crayon, 
charcoal, sepia, or stumping chalk, which may 
l>e in a mectium, or even a very dark or “low^’ 
key of tone, and yet there is an excellent repre- 
sentation of roundness or relief in the silver 
point drawing as in the others. Nevertheless, 
a beginner should not trouble about such trans- 
positions of the key of tone, but should endeavour 
to represent as truthfully and accurately as he 
can the apparent values of the light and shade 
of the objects of study in the same hey as they 
appear. 

Divisions of Light and Shade. light 
and shade may be divided into five main 
divisions, as follows : (1) Light, the part of the 
object upon which the light directly falls ; 
(2) shade, the part of the object, turned away 
from the light, and, therefore, more or le^ 
dark in tone ; (3) shadow, which is the dark 
TOrtion of surrounding surfaces, and is pro- 
duced by the object intervening between 
source of light and the surfaces, fmrming a 
“ cast shadow,'' as it is called ; (4) hall-tone, 
the part of the object’s surface which is between 
the “ h^t ’* and “ shade ” portions ; (5) 

reflected light, which is in some part ol the 
“ shade ” surface, and is caused by &e reflection 
of light from some other portion of the same or 
ano&er object. Each of tne nhore five divisions 
may be subdivided into very many various 
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degree* of light, shade, shadow, etc., for, althouffh mistakes, or whv he made them at all when 

one part may be light, it will rarely be of the working on the drawing in its usual place on the 

same degree of light throughout that light part, easel. The reason generally is that he has looked 

and so with the “ shade, shadow,” “ half- at each part too individually, and when the 
tone,” or “ reflected light ” parts, there will drawing is at a distance, he is compelled to look 

usually be varying degrees of each. at it rw o whole. Thus, if he has an observant 

Training the Eye to See Light and and critical eye, he cannot fail to see dis- 
Shade. The student will therefore see that crepancies in his work. Yet, however critical he 
he has to make much careful observation and may be, there are sure to be errors which he 
comparison before he will see the correct cannot find by himself, owing to his lack of 
appearance of the values of the different tones. training, and therefore he should obtain, as often 
It is best to determine first the darkest ” dark ’ as possible, the criticism of some artist friend 

and the hig^st or lightest ” light,” then it will who has had considerable experience, 
be easier to judge all other values between these Shading with ChalK and Stumps, 
two extremes. The student's work will now be A box of shading materials, containing all that 
more interesting than when drawing in simple is necessary, may be obtained of any artists’ 
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outline ; he will have further means by which he colourman. Some chalk is spread on the 

can give a truer and more lifelike representation chamois leather palette, or on a piece of paper, 

of objects or views around him; and his per- being rubbed on lightly, so that no loose pirticles 

ceptive faculties will be put to still further are about ; and the stump is rolled around in 

severe tests of their powers of judging accurately. the chalk on the palette, so that about half or 

There must be continual and intmligent com- three-quarters of an inch of the pointed end is 

parison between one part and ihe whde, to find evenly charged with the chalk. Three stumps 

out the relative values of tones, edges, etc. It should be used — one for the darkest tones, 

is a capital plan to place the drawing b^ide the one for the medium, and another, with scarcely 

objects of s&dy, then sit in the same place from any chalk on it, for the lightest tones. Always 

which th^ are bei^ viewed and drawn, and use the largest stump Jmssible for convenience, 

make carerol, searchi^ comparison between the so as to avoid a niggling style of work. Do not 

draw^ and the group. The student will be rub hard, or the work will appear dull and 

Bumriseid how ea&y ne will detect errors in leaden, with no life or sparkle in it, as th^ores 

jodggnent of tone values, etc., and perhaps he of the drawing paper (which should be What- 

will ask himself why he could not see these man's or 0. W. 8 ., not surface) should not be 
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choked with chalk ; but even in the darkest 
shadows there should be an appearance of little 
points of light showing through the dark chalk. 
Many students rub ham because, they say, they 
cannot make the tone dark enough without 
doing so, forgetting that it really is Wause they 
have not sulUcient chalk on the stump, which 
should be freshly chared very often when 
a dark tone is required A piece of sharp- 
pointed rubber should be used to pick out the 
too dark spots or blotches, which will almost 
inevitably come where they are not wanted. 
Again, do not grip the stump as if it were a 
broomstick or a crowbar, but hold it lightly, 
yet firmly, between finger and thumb, so that 
the angle it makes with the drawing paper may 
be varied as occasion requires. The side of the 


stump and rubber to obtain a tone like 
Beginners should draw a square, about 3 in. 
square, and endeavour to make an even tone 
(like S98 d) to fill it, in order to get accustomed 
to the use of the stump. When this is satis- 
factorily accomplished, draw an oblong, about 
6x3 in., and fill it with a graduated tone, as 
in 899. Begin with the fittest tone at the 
top, and gradually increase the depth or 
darkness of the tone. There should be no 
sudden change from one tone to the next in 
this exercise, and no blotches, but an effect 
like 899. 

Simple Groups. Having mastered the 
technical difficulties of using ^e chalk, stumps, 
and rubber for obtaining an even as well as a 
graduated tone, proceed to study some simple 



stump should be used chiefly, and the point 
only when working in comers or confined spaces, 
or for certain kin(M of sharp edges. 

There are several methods of putting the 
chalk on the drawing paper, but perhaps the 
best is that shown in 208, a, b, c, and d, 
where in a each wavy stroke is placed close to 
the others in such a way that there is a general 
evenness of tone, although each stroke shows up 
rather distinctly and me work is somewhat 
coarse and open. The light places should then 
be gone over with the stump properly charged 
with chalk, so as to obtain the appearance in 
898b. Then, with further use of the stump to fill 
in lighter places, and, if necessary, the rubber 
to ]Hok out the dark blotches, mroduce a more 
even tone, as in 898c. Last of all, finish with 


group as shown in 400. The objects should be 
white or very light in colour, so that the 
student is not worried yet with colour values. 
Arrange the lighting of the group carefully, and 
place a large piece of white paper or cardboard 
vertically and about a foot behind the group, as, 
for the present, it is best to work without putting 
in the background ; thus the white paper behind 
will help when judging the tone values of the 
objects in the group. Make a sketch, lightly 
drawn in lead pencil, not only of the objects, 
but also of the shapes of the shadows, and 
nearly rub out the pencil lines. Spend some 
four or five minutes in careful observation of 
the group—as regards its darkest and lightest 
tones, the different values of light and shade 
in the same or other surfaces, the changing value 
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of the 6^ of the oaot thadoW* which is sharp found among household utensils, etc. !^or 

where it is close to the edge of the object which example, two bricks and a hammer or trowel, 

prodttoes the shadow, and gradnidly’ becomes a cup and saucer, a glazed teapot, a oocoanut 
softer the farther the shadow*s ecw is from and a wooden mallet, a candlestick and box 

^t part of the object which causes the shadow, of matches, a piece* of drapery hanging in 

There may be reflected light in some shade graceful i^ldeu etc. Make all drawings fairly 

surfaces, as in one face of the cube, and it must nil paper not less than 22 x 15 in. 

be nartioularly noticed that, although a plane Another Method of Shading with 
surface may be equally lighted from diffused Stumps and ChalR. 402-406 show 
daylight or any other light, the whole surface different stages of a more rapid method of stumpi^ 
of the plane will not necessarily appear to be of chalk shading. In 402 it will be seen that details 
the same value of tone, but may seem lighter in of drawing are omitted, because they can just as 
one part than in another, as in the drawing- easily be drawn with the stump when shading, 
boara and the three surfaces of the cufa^. The outline must not be too faint or too lightly 
These preliminary and searching observations drawn, or it will be lost altogether when the 
will save many errors and much vexation. next stage is done. The even tone as shown 

Shudlag • Now proceed to shade the darkest in 408 is put on with either a very large stump, 
surface and oast shadow of the cube. Dark tones or, better still, with a pad made of a piece of 
should generally be put in first, as their true chamois leather tied round some cotton* vool, 
value is more easily judged than that of light so that it is like a ball rather larger than a 
ones. Next put in the medium, and afterwards walnut. Rub the pad in some chalk, and then 

the lighter tones, noting all the time their on an odd piece of paper, until the correct even- 

relative values and darkest tones. Pay attention ness and value of tone can be made. Rub 

to the value of edges b<jth of the objects and of the pad all over the drawing and a little outside 
the cast shadow. Then place the drawing bt'side it, so that an evenness of tone (not too dark), 
the group, and make a searching criticism, correct is obtained, and the extra tone outside may be 

all errors, and put more “ finish ” in the texture rubbed out with the indiarubber, leaving the 

of the shading, although ** finish,” as regards outside edges of the drawing fairly sharp, 

stippling, is not to take the place of, nor is it In the third ^tage pick out all the chief light 

so important as, the true values of ton(‘s, (‘dges, tones with the pointed rubber, as shown in 

etc. Nevertheless, u certain amount of “ finish ” 404, being careful to draw the correct shape 

is required to represent satisfactorily the smooth of each light, with its varying degree of intensity 
texture of some kinds of materials. The student and different value of edge, now sharp, now 
must use his judgment in this matter. Do not soft, etc. 405 shows the main shadows and 
forget tliat drawing must enter into every part shades put in with the stump in a broad and 
of shading, for the former is not finished when simple manner. Leave out all details at this 
the sketch in pencil is made. stage ; endeavour, by careful and intelligent 

A more difficult group, as shown in 401, may observation of the cast or object, to represent 

now be attempted. Here ” roundtd ” or curved the chief planes of the surfaces with their vary- 

surfaees are to be repnwnted, hut, keeping in ing tones, and draw them of some definite 
mind tlie previous advice about observation of shape, perhaps triangular in one place, reot- 
tone values, etc., no great difficulty should be angular in another, and so on. With searching 
found. Do not make the reflected light too observation the student will soon overcome the 
bright on the lower right-hand edge of the difficulty of seeing whore one tone merges into 
sphere. RefleoUd light cannot lie as bright as another, even when the difference of value is 
direct light, but i.s generally very much darker very subtle. Only blend one tone with the 

in tone. next when it is absolutely necessary. Correct 

More Difficult Exercises. A series of values and good drawing of the varying tones 
exercises graduated in difficulty, should be gone must be the guiding principles at this stage, 
through, until the student is able to execute a Finally finish Stage V. as shown in 406, give 
shading of a cast as difficult as that in 897, or of a attention to the necessary details and vidues 
group of objects like that in 896. The intermedi- of edges, blend one tone with another, if 
ate groups might (K)nsist of castsof fruit, foliage, required, and give much care to the modelling 
or conventional ornament, or of . objects to be of the lightest tones. 

Continued 
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EXCEPTING raw silk alone, every textile fibre 
^ must be carded. Silk is a filament from 
the beginning — the silkworm has combined the 
fibres into one continuous thread ; other fibres 
are short, and to get a thread we require to join 
them together in some way. A thread is a thin 
line of fibres combined so as to possess a certain 
measure of coherence and consistency. To 
produce even the smallest section of such a line, 
the fibres must be laid out straight. It might 
be possible to devise means of stretching each 
separate fibre in this way ; but the effect would 
be to make a series of little threads not longer 
than the length of the natural staple or growth 
of the fibre. Tliis would hardly serve our pur- 
pose, even if it were possible. In cotton, for 
example, the minimum length demanded is a 
thread 15,000 times longer than the longest 
cotton fibre. Laying the fibnes out singly or in 
little groups is not enough ; we want to join the 
ends of the fibres together in some way. 

Suppose we have two groups of fibres, all of 
the same length, and all laid nicely 
parallel, placing the ends of these 
two sots in contact would not join 
them; by bringing the extremities \ 

together you are avoiding the joint- mj" / 
ing powers they naturally possess, 
for the serrations are at the sides of 
the fibres. But pull one fibre of 
group No. 1 into group No. 2 ; draw 
up a fibre half-way from the second 
into the first; repeat the act, and 
you will see that connection has 
been established between the two 
— that, in fact, those four fibres 
have practically made the separate 
groups into a continuous whole. 

Carry out the idea fully, and an 
even thread will be formed about 
two-thirds the length of the two 
groups, but thicker in proportion 
, A Pivot Operation. Our 
object in cardinjg, it appears, is 
not merely to disentangle matted 
or mixed fibres, but to bring them 
into such relations that they 
may readily combine together. A 
view of a modem carding room is 
given in 66. Carding is the pivot 
operation of textile manufacture ; 
here the staples, or tufts, of the 
different fibres cease to tangle with 
each other and the thread begins. 

We pull the fibres out of their 
mutual tangles and snarls, bringing 
them into parallel lines, but at the 
same time keeping them always in 


lineal connection, forming them into a gauzy film, 
the filaments of which hold each other lightly 
yet intimately. If we gather that gauze into a 
continuous length, the disconnected character 
of the fibres disappears, and, instead, the con- 
tinuous line wo call threjod commences. This 
is accomplished on the machines we call mrdera. 

Kindred Proceeeee. In a process which 
is continuous and gradual, it is difficult to mark 
definite points of division ; in respect of one 
particular or another, we are bound to cross any 
border lino which may l)e sot. For example, 
the combing machine works on a different prin- 
ciple from the carder, pure and simple, but its 
object is the creation of the sliver ; the spreader 
of the flax fibre seems to stand midway bt^ tween 
the carder and condenser, but it also creaU^s the 
sliver. We consider them all as one class, 
because the function of each and all is to act as 
the medium between the fibre as staple and the 
fibre as thread. The correctness of that division 
will appear more and more clearly as we proceed. 
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Cards and Combs* The fint carding tool 
wai what we now call a comb. Very probably 
it resembled rather a small hackling* comb, 
with the difference that, instead of being fixed, it 
was held in the hand. By the process of adjust- 
ment with which we are now familiar, the comb 
changed its form according to changi^ use or 
new ideas. Up till the middle of the eighteenth 
century the wool-comb was the only carder the 
wool manufacturer knew ; but the linen and 
cotton spinners had devised what were called 
hand cards. It was from these, in the first in- 
stance that development began. Hand cards are 
small boards full of spikes, with a handle at the 
one side. Hold- 
ing one in each 
hand, with the 
faces together, 
the carder could 

E 've the fibres 
id between a 
firm combing, 
or carding. In 
1748 Lewis Paul, 
a Northampton 
manufacturer, 
invented a me- 
chanical carder 
which undoubt- 
f^ly gave his 
great successor, Richard Arkwright, the idea for 
the carding engine. He fixed little iron points 
in broad lj«lts of leather, and nailed them round 
cylinders. Two of these cylinders he set together, 
so that the one would work in close proximity to 
the other, the curved teeth pulling in opposite 
directions. Arkwright seized on the idea, and, 
after working at it for several years, took out a 
patent in 1776. There was no comparison be- 
tween the splendid and efficient carding enmne 
of Arkwright and Lewis Paurs orimnal carder ; 
but the great cotton spinner had stirred up 
enemies by his success, and the patent was 
assailed successfully. It is with Arkwright’s 
carding engine, improved in numerous details, 
that we work to-day. 

Tho Carding Engine. The most inter- 
esting feature of the carding engine, and the 
instrument of its usefulness, is the card clothing, 
to which attention is first directed. The cloth, 
or clothing, itself may be of hard leather, india- 
rubber, or some special composition ; but it 
must be absolutely uniform throughout in thick- 
ness and weight. Now look at the teeth. Origin- 
ally a piece of fine steel wire [67], bent to form 
two ri^t an^es, something like a staple with a 
square head, this ^r of teeth have been given 
another bend, half-way up the length of each 
leg, forming equal obtuse angles [58]. In the 
leather, or other basis of the om?d clothing, holes 
are out to let the teeth through, and when set 
they show on the upper surface what look like 
hooks with ftraight points. Fifi the wh(^ area 
of the dotkor leather with these hooks, or teeth ; 
make as much oard cloth as is needed to cover 
all the rollers and cylindejm of the carding 
engine. We are nuiposely vague* for the 
moment, because there are various kinds 
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engines, and it is only carders in general with 
which we have to do at present. 

Card Teeth. Suppose we make two sheets 
of that carding cloth move close to each other in 
opposite directions [59], the teeth oppose each 
other; if any filne were cau^t betwera those 
opposing teeth, it would certainty be pulled apart, 
and very finely drawn out. Obviously, if this 
action were repeated often enough, the fibres 
would all straighten out and lie in one direction. 
But there are several other ways of working 
those cards. Not to be too complex, we shaU 
take only the contrary instance, because it is 
fundamental also. When the hooks are turned 
in the same direction, no action results, if the 
cards are run at the same speed. But suppose 
that one card be slow and the other fast ; then any 
fibre held in the teeth of the slow card will be 
taken away by the swift one. It is the same 
action as you teke in unhooking anjrthing ; 
travelling in the same direction as the curve of 
the hooks, the swifter one naturally disengages 
the fibres from its neighbour. 

Cnrd Clothing. We have confined our 
attention to a single set of carding teeth ; but 
there are thousands in every cylinder and 
hundreds on every roller on the carding engine, 
and each hook must be level with every other. 
If one hook stands up above the others, it will 
take more than its share of the fibres, and cause 
irregularity ; if the cylinders are not absolutely 
true, still more mischief is caused, for at one 
point the fibres will be missed and at another 
they will be torn and broken, because the teeth 
cut into each other. We must leave to the 
engineer the foundation and balance of the 
engine itself. But every carder and textile 
manufacturer should be able to do his own 
oard clothing. Having carefully measured the 
cloth, which is generally put on in bands the 
circumference of the cylinder or roller, the 
cylinder should be placed on the enrine, and the 
cloth stretched over it. When fuUy stretched, 
and jointed exactly edge to edge, the places 
for the nails should be marked, the cloth taken 
off and the nails driven through. Lay on the 
doth again, and with the aid of the tools com- 
monly used fix the cloth in position. Band 
after band is laid on in this way, and the cylinder 
is completed. If rings of caM only are to be 
fixed, as in the case of what are called dofler 
cylinders, or on condensers, great care must be 
taken to. make all the rings equal and at equal 
distanoee on the roller. We shall see the reasons 
for these things when we begin to work the 
various carders. 

Card Grinding. Oard hooks, or teeth, 
require to be pointed. Here ooours a difference 
of opinion among expert practical men. Some 
hold that the points of the teeth ought to be 
needle-pmnted, and others hold the opinion that 
th^ should be flat or chisel-pointed Which- 
ever may be favoured, the main matter is that 
the points must all be equal and level Possibly, 
the best results can be obtained from oarrinl 
grindiiig on the emery oyfinder, and then taking 
the rouriinesB off by wearing. While it leavea 
a slii^t loopliole fix slovenly doUung to say so, 
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it may be said that the function of the emery 
mnder is not only to sharpen, but also to level 
^wn the teeth. There are several machines 
for this purpose, but the one we illustrate [60] 
seems to us the best. By this machine the 
whole cylinder is ground at once. If the cylinder 
be laid in truly, and the emery kept in good 
condition, a fine, sharp, and even surface should 
result 

Card Setting. This, and the relative 
finenesses of the teeth, may be discussed with 
more profit and detail when we deal with the 
different fibres. We use a very different quality 
of card clothing for fine cotton from that used 
for carding flax tow. The simple and broad 
principle of card setting should here be laid 
down, how’-ever. The intervals of space between 
the rollers should be carefully determined 
according to the length of the fibre being carded. 
A short fibre requires that the rollers and 
cylinders be in close proximity ; long fibres, 
on the other hand, snould be allowed wide 
intervals. By the observation of this rule, 
single as it looks, much trouble is avoided. 

Cotton Carding £ngine. First to be 
built, the cotton carding engine has been very 
little improved upon during the past hundred 
years. Some few details have been added, and 
we have acquired better methods of both con- 
structing and driving the machine, but in 
essential constitution it remains as Arkwright 
left it. One difference, however, is worthy of 
note, and that is the introduction of what are 
called carding fiats — flat coverings extending 
sometimes over the whole engine, and in many 
cases over a section. Let us look at the roller 
engine for a moment, however, and then we 
will understand better the additions and im- 
provements. 

Weighed accurately on the scutcher, the 
fleecy lap of cotton is hung on the fore end of 
the carding engine, and drawn slowly out by 
the feed rollers. Behind these rollers revolves 
a card-covered roller, travelling at the rate of 
800 feet per minute, named the “ licker-in,” 
which takes away the cotton in flakes. Further 
behind, and in the centre of the machine, runs 
the great cylinder, having a surface speed of 
about 1,600 feet per minute. Travelling almost 
in touch with the Ucker-in. and in the same 
direction, but at nearly double the speed, the 
main cylinder scoops away the cotton from 
the smaller cylinder. 

Dirt Roller. Running in an upward 
direction, the cylinder is carmng off its spoil, 
when another roller, set just a^ve the licker-in, 
and in close proximity to the main cylinder, 
intervenes and takes away as much cotton as it 
can carry from the latter. This is called the 
dirt rolW, because it plays the most important 
part in taking out any dirt that may have 
remained in the cotton aner scutching. Though 
revolving in the opposite direction from the 
licker-in, the surface of this roUer, at iheie point 
of contact, is travelling in the same direction as 
the main c^dinder, or ** swrft.” We want this 
second roller to steal away cotton from the swift, 
and say that it does so ; the question comes, 


now can it ? Its speed could be increased, of 
course, and then the hooks could steal up on the 
hooks of the main cylinder and gently rob in 
that way. Jhis expedient, as will shortly appear, 
is not prac^oablo in the circumstances. A cotter 
method has been devised. The teeth of the dirt 
roller are put in the reverse way, and the speed 
of its revolution is only ten to fifteen feet per 
minute. Compare the speeds, and you will see 
that, although both travelling in the same 
direction, the smaller roller exercises an enormous 
pull on the large one, with its reversed teeth. 

Strippers and Workers. A still smaller 
roller, called a stripper, is running like a satellite 
above the dirt roller, and in even closer contact 
with the large cylinder. Revolving contrary to 
the dirt roller, with teeth set in the direction of 
its revolution, the stripper runs at the rate of 
400 feet per minute. The teeth of the stripper 
moving in the same direction as those of the 
dirt roller, and more swiftly, it picks all the 
cotton out of the roller’s teeth and flings it 
back to the large cylinder. But our big 
cylinder does not keep its spoil long. Another 
roller of the same character and construction 
as the dirt roller, and more rosytectably named 
a “ worker,” is running a little above that kind 
stripper, and almost immc^diaU'ly the cotton 
is being torn off the cylinder by the reversed 
teeth of this worker. Like a swift half-back 
watching a big, slow forward on the football 
field, the next stripped overtakes the worker 



60. CARD ORINDINO MACHINE 
(Platt Bros. & Co.. Oldham) 

as it is carrying off the cotton, takes it away 
and gives it back again to the cylinder. Other 
six workers and strippers, sometimes eight, 
repeat the game rouna the whole upper half of 
the cylinder, taking and losing, giving and spoil- 
ing, in mutual play. At the back of all, and 
moving slowly, with .fine teeth curved in the 
direction of its motion, is the **doffer*’ cylinder. 
The revolution of the doffer is in the same 
direction as that of the main cylinder; but 
being smaller in diameter, and consequentlv 
having a reduced surface speed, its long teetn 
search into the cylinder teefli, picking out the 
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cotton and pulling it round itaelf like a fleecy 
mantle. 

But here the mve and take doea not end. 
Oscillating to and fro on the undei;,»8urface of 
the doffer cylinder is a toothed comb that 
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to the cards, varying the drawing action of the 
teeth. From many points of view, the revolving 
flat carding en^ne is the highest form of that 
class of macnine. Being self-cleaning, it 
obviates the dust and delay attendant on the 
frequent cleanings which we must give 
to roller cards . W orking automatically, 
the newest class of those engines are 
, , mostly covered in, thus preventing the 
y fine dust of the cotton from getting 
into the lungs of the workers. 

Breaker and 
^ Finisher. For the 

M ysji. sake of simplicity and 

.. ^ ^ clearness, the single 

carder has bwn 
^ studied alone, as if 

^ other engine 

^ i existed. Now a step 

}' i further may be taken. 

' ® carding is 
• i I not enough for most 

■ I textile purposes ; it 
I . . is usually called the 

1^ * -1 breaker — that is, the 

‘ breaking -in card, and 

the next is called the 


. r finisher card. Many 

61. REVOLVINO FLAT CARDING ENGINE (Plstt Bro«. & Co., Oldham) spiiiners couple the 

two together, and 


rapidly draws off the cotton in a fine film. This 
film is variously accepted, as wc shall point out ; 
but in the meantime, as we are in pursuit of 
the sliver, we may let it go in that way. Our 
filmy web is the same breath as the cylinder ; 
but it is gathered to a point and passed through 
a funnel, and thence two pairs of small rollers 
drag it out, forming it into a fiat riband at the 
same time. The point of the riband is inserted 
into a vertical slit in a piece of iron ; two rollers 
beyond round it off, and drop it, a fine sliver, 
into the waiting can — a tall tin cylinder, into 
which the sliver coils neatly. 

Carding Plata. Very soon after the card- 
ing engine was made a complete machine, cotton 
spinners devised a contrivance for assisting the 
workers and strippers. Half the upper part 
of the main cylinder was covered by a flat sheet 
of card cloth, set so as to hold the fibres till 
they were drawn straight. The teeth of the 
flat were set so as to oppose the teeth of the 
cylinder, but not so closely as to check them. 
In the pinion of many, the flat appeared to be 
more efficient than the rollers, and gradually 
what is called the revolving flat was developed. 
Without entering into a long discussion of this 
highly technical matter, we may say at once 
that the revolving flat cardinff engine [61] un- 
doubtedly seems to serve well for carding the 
highest qualities of cotton. 

Instead of the rollers already described, an 
endless lattice band of card cloth runs over the 
central cylinder, the teeth pulling uniformly in 
a straight line. Attached to tne card lattice 
is a set^f cleaning rollers, which, as the one half 
of the flat oomee ^ from working* cleans it of 
adhering cotton, 'uic ratchet motion that makes 
the flat revolve imparts an alternate movement 


rim the cotton direct from the one to the 
other ; but this practice is objected to by 
others, who contend that it is neither 
economical nor efficient. The ideal is the auto- 
matic ; hut perhaps we have been in too great 
a hurry in attempting to realise it. Machines 
must be perfect in detail before they can be 
trusted to work without check or supervision. 
If we have to work with two single carders, one 
breaker, and one finisher, a lap -forming 
apparatus, such as we saw on the scutcher, 
must take the place of the sliver-forming 
appliance on the breaker engine ; if the two 
engines are coupkni, the doffer between the two 
ai'ts simply like a larger, more drastic, worker 
roller, f^actice varies a good deal, however, 
and dogmatism on such a matter would not bo 
w’ise. 

Carding and Condensing the Wool. 

When the wool manufacturer accepted the 
carding engine from the cotton industry, he 
found that it would not deal with his material 
in a very satisfactory manner. Longer in staple 
and more deeply serrated than cotton, the wool 
was injured by the keen teeth of the cotton 
carder. As usual in such cases, there was a 
strong recoil from the instrument which had been 
so eagerly wefoomed and which had so cruelly 
disap^inted hope. The hand comb w'as re- 
verted to, and in many factories, so strong was 
the prejudice against machines, hand combing 
was practised up till about 1870. Consklering 
the number of flne carding and combing ma- 
chines then on the market, this is amaz^, but 
it must be accepted as evidence of the difficulty 
of restoring confidence after it has been once 
broken. IVo prime facts app>3ared in this 
connection. One was that the carding rollers. 
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having to deal with a longer staple, required to 
be set further apart than in the cotton carder ; 
the second was that there are some wools which 
ought not to be treated by carding, or, if treated, 
only in the gentlest, lightest fashion. Following 
hard on the discovery and negotiation of 
these facts came another — 1 * 12 ., that the re- 
adjustment of the rollers demanded some 
difference in the form of some of them, and so 
a wool carder, differing in some details from the 
cotton carding engines, came into existence. 

The Scribbler. Observe already the 
difference in nomenclature. The breaker card 
of the cotton spinner has become the scribbler 
[63] of the wool spinner. When our wool came 
from the “ fearnought ” teaser, it had merely 
received its last mixing and opening and 
cleansing ; the measuring of quantities, so impor- 
tant in all textile operations, has yet to be done. 
Various devices for measuring the wool as it is 
fed to the scribbler have bwn adopted. The 
simplest is the marking on the feed- board of the 
space properly occupied by the legular thickness 
of a given quantity ; but this method puts too 
much reliance on the skill of an operative not 
paid nt the rates which skilltMl lalmur usually 
commands. The Iwst and simplest arrange- 
ment we have seen for regulating the feed is a 
kind of weighbridge lattice fwd. While the 
quantity to be fed is coming forward, the 
scribbler is stationary ; as soon as the ciuantity 
is heaped on the feed- board it overcomes the 
counter-weight and bends over, loosening the 
clutch that controls the drive, and inclining the 
wool to the feeder rollers Instead of the simple 
feeders of the cotton carder, we have here threes 
rollers, one set above the other, all clad with 
teeth, and these b<*gin at once the carding 
operation, pulling and drawing the fibres among 
themselves. The advantage of this is obvious. 
With such a long staple, delivery is not easy, and 
by carding out at the point of delivery a Indter 
start is obtained. The rollers are set at wider 
inteivals ; but, except in one other particular. 


the scribbler is precisely the same as the roller 
carding engine already detailed. The particular 
point of difference is interesting and important. 
Wool has very strong clinging properties, and 
the ordinary doffing cylinder would be useless 
unaided. Beneath the last stripper 1 oiler of the 
series revolves a curious roller, called the “ fancy ” 
(K), with long, finger-like wires that pick into 
the teeth of the main cylinder, loosening its hold 
on the fibres, and making thorn yield easily to 
the pull of the doffing cylinder moving below\ 

Doffera. As in the case of cotton, there are 
several modes of treating the cardings as they 
come off the doffing comb. If the wool is to be 
made into felt, it is rolled into a lap, similar to that 
taken from the scutching machine ; if designed 
for worsted, it is formed into a sliver ; and if 
intended for further carding and the condenser, 
the fibres may be formed into a lap, drawn out 
into a sliver, or doffed directly on to the adjacent 
carder. There is yet another mode peculiar to 
woollen manufacture. One of the few contriv- 
ances in textile manufacture w'o have received 
from America is this appliance. In a hopper 
on the top of a small ma(;hine sits a range of 
thick cylindrical bobbins, one of w'hich descends 
into the grip of a pair of discs in the middle of 
the machine. Up to the disc extends a re- 
volving tub(\ From the doffing apparatus the 
sliver is led into this tube, and it winds up round 
the bobbin held in the discs, which are now 
revolving. As soon as the bobbin is filled, it 
automatically drops out, and another from the 
hopper drops into its place. Some establish- 
ments use these bobbins as feeds for the con- 
denser, w^hen working on low-class goods. 

Intermediate Carding. In the most 
highly organised factories, an intermediate 
carder is used and linked on to the scribbler 
in a very curious way. Not only In^cause the use 
of the intermediate carder seems to us a good 
ractice, but Ijecause the method of linking is 
ighly interesting and promising, we shall 
observe it. When the sliver is given off by the 


As Delivered 


2 . COITON SUVEB IN D1FF£B£N1 STAGES 
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scribbler, it is taken away by a lattice which 
conveys it up above the feed of the inter* 
mediate carder in front of which moves to and 
fro a travelling carriage. The sliver descends 
on to this carrlaffe, and it Um the filmy skein 
across the feed lattice of the carder in long 
folds, obliquely overlapping one another, yet 
(nerving a uniform thickness. The reason for 
this act orings us to the mark of difference 
between the woollen and the worsted thread. 
Woollen threads are composed of fibres inti- 
mately interlaced ; woist^ threads are com* 



68 . D1AQBAM8 OF LONGITUDINAL SECTION OF 
WOOL CARDING MACHINE 


A. Breast Cylinder. B. Fo«l«r«. C. Dirt Roller. 
1). Licker-ln. K. 8trlpi>er. F. Worker. O. Stripper. 
H. Worker. K. Fancy. L. Doffer. M. Angle Stiipp^. 

N. Doffing Roller 

posed of parallel fibres twisted together. There- 
fore the object of the woollen spinner is to obtain 
an intimate combination of fibres at the earliest 
]iossible moment. The working of the inter- 
mediate carder is exactly that of the scribbler. 

Condansing, We have pictured all the 
carders as separate, but it must be clearly under- 
stood that this has been done only for the sake 
of clearness and simplicity. A frequent practice 
is to link the successive carders together, with 
only the doffer roller (N) between. The finisher 


card is of the same construction, in all essential 
particulars, as the scribbler and intermediate ; 
the only difference is in tlie finer teeth. At the 
end of &e finisher carding engine, the condenser 
machine is set. First note the form of the doff- 
ing cylinder ; it is equipped with strips of carding 
teeth, alternated with spaces of equal breadth. 
As the doffer comb plays on these strips, it draws 
off a row of thin, filmy ribbons. Prom beyond 
the comb, stretched parallel to the length of the 
machine, run endless bands of card-doth, and 
by these the thin slivers are carried along, the 
teeth holding them in unity, to where revolves a 
broad, endless belt of leather or indiarubber 
composition. This, also, is moving away from 
the cylinders, and draws the slivers on. There 
is a certain amount of tenacity in the surface of 
the belt, and the fibres tend to cling to it. Near 
the edge of the broad belt the first of a series of 
rollers revolves, and it rubs and presses on the 
slivers, reducing them in size and enhancing 
their cons'stency. A pair of these rollers come 
next, and under their kind attentions the slivers 
assume almost the form of threads. Another 
pair perform the same office, and then the threEuls 
ass through a guide comb, and on to large 
obbins. Now let us go back a little, and 
observe the details more closely. At first glance 
we can see that all the rollers vary in speed of 
motion, every successive one being quicker than 
its preceding neighbour. But the action of the 
rollers is not simply forward ; every one of the 
whole series moves to and fro transversely, with 
an oscillating motion. The effect of this action 
is easy to understand. It is the same as if you 
took a wisp of fibres and rubbed them together 
between the palms of your hands ; the fibres are 
rolled and rubbed close together, while the revo- 
lution of the rollers draws them out lengthways. 
The result of this action is a fine thread ; for 
rough tweeds and heavy woollen cloths, no more 
is required than to give the threads a spin on the 
mule frame, and then the yarn is ready. 


CotUintted 
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Henoe, a ctiJbic foot, the unit of volumot is a Bolid 
body whoae length, breadth, and thioknesa are 
each a linear foot. Similarly, a cubic inch 
meaeures one linear inch in length, breadth, 
and thicknesB ; and a cubic yard measures one 
linear yard in length, breadth, and thickness. 

158 . The numl^r of cubic feet (or inches, or 
yards) in the volume of a rectangular solid is 
equal to the number of linear feet (or inches, or 
yards) in the length, multiplied by the number 
of linear feet (or inches, or yards) in the breadth, 
multiplied by the number of linear feet (oi 
inches, or yards) in the thickness. 

This is usually abbi*eviated into 
Length x Breadth x Thickness = Volume, or 
Cubic Content. 

For, suppose? c 

the solid in the 
dianam is 6 ft. 
in mngth, 4 ft. in a 
breadth, and 3 ft. 
in thickness. It 
is clear that the 
solid can be out 
into three slices, 
each 1 ft. thick, 
by planes parallel to the face ABFE. But, by 
Art. 168 , the face ABFE contains 6x4 sq. ft., 
and under each square foot there is a cubic foot. 
Thus, each slice contains 6x4 cubic ft. There- 
fore, since there are three slices, the whole solid 
contains 6 x 4 x 3 cubic ft. 

169 . Since, 

Length x Breadth x Thickness —Cubic Content, 
it follows that, if wo know any three of these 
four quantities, we can find the fourth. 

160 . The student should remember that 
(o) A cubic foot of water weighs ICKK) oz. 

(avoir.), approximately. 

{h) A gallon of pure water weighs 10 lb. 
(avoir.), or, 

“ A pint of clear water 
Weighs a pound and a quarter.” 

We have thus a relation l)etween weight, 
capacity, and cubic content. 

Example 1. A tank 7 ft. long, 6 ft. broad, 
is filled to the depth of 2 ft. with water. How 
many gallons of water are in the tank ? 
Amount of water —7x6x2 cubic ft. 

7 x 6x 2 x 1000,, 

= 16 

3 25 

Example 8 . An open tank made of iron 
in. thick, is 4 ft. long, 2 it. 6 in. broad, and 
ft. deep, outside measurement. Assuming 
that iron weighs 7*8 times as much as water, 
find the weight of the tank. 

The external volume of the tank 

- 2 X X 4 cubic ft^ — 20 cubic ft. 

Since the iron is | in. thick, the inside length 
is I in. less than the outside, the inside breadth 
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is I in. less than the outside, and the inside 
depth is I in. less than the outside. 

Therefore, the interior volume 


~ 291 ^ 23i cubic in. 


59 X 95 X 95 
10 ~ 


cubic in. 


= 3327911 cubic in. 

Therefore, volume of iron in the tank 

- 20 cubic ft. -33279}! cubic in 

— 1280^^ cubic in. 

But 1 cubic ft. of iron weighs as much as 7*8 
cubic ft. of water, t.e., 7*8 x 1000 oz., or 7800 oz. 

...Weight of tank 7800 


= 361W^Vk Ib. Ans. 

Example 8. The areas of the faces of a 
rectangular solid are 35 sq. ft., 21 sq. ft., and 15 
sq. ft. respectively. Find the length of each 
edge. 

The areas of the faces of a rectangular solid 
are (i.) length x breadth ; (ii.) breadth x depth ; 
(iii.) length xMepth. If we multiply these 
together we obtain (length)- x ( breadth )- 
X ( depth and the volume of the solid ^ 
the square root of this product. ™ 

Hence, the volume of the given solid 
= V35 )< 21~>ri5 cubic ft. 

= X 5^ X V cubic ft. 

= 3x5x7 cubic ft. 

Therefore, 

Length = (3 X 5x7)- 15 = 7 ft. ^ 

Breadth = (3 x 5 x 7) 21 = 5 ft. [- Ans. 

Depth = (3 x 5 X 7) 35 = 3 ft. I ““ 

162. We have seen [Art. 168] that surface is 
of two dimensions — t.e., we find the area of a 
rectangular surface by multiplying two quan- 
tities together. If, then, we have two rectangles, 
of which one is twice the length and twice the 
breadth of the other, the oreo of the first will 
be 2”, or 4. times the area of the other. Or, if 
the dimensions of the first are 3 times the 
dimensions of the second, the area of the first 
will be 3-^ times the area of the second. 


Similarly, since cubical content is of three 
dimensions, if we have two rectangular solids 
in which the dimensions (length, breadth, thick- 
ness) of the first are any multiple, say 3 times 
the dimensions of the second, the volume of the 
first will be 3•^ or 27, times the volume of tht 
second. 

But it should be noticed that area of the six 
surfaces of the first solid will only be 3^, or 9, 
times the area of the surfaces of the second. 

Example 1. The cost of thatching varies 
as the area thatched. If it costs £4 to thatch 
a stack 16 ft. high, how high is a similar stack 
which it costs £2 5s. to thatch ? 

£2 56. is of £4. Therefore the area thatched 
in the second case is ^ of Hiat thatched in 
the first case. H^oe, each dimension of the 
second stack is or J, of the correspond- 

ing dimension in the first stack. 

But, Hie first stack is 16 ft. high, therefore 
the second is J of 16 ft., or 12 ft. high Ans. 
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Example 2. What is the value of a silver 
coin similar to a sixpence, but twice as thick ? 

The coins are similar, so that every dimension 
(viz., length, breadth, and thickness) of the 
one is twice the corresponding dimension of 
the other. Therefore the content of one coin 
is 2'^ or 8 times the content of the other. 

Hence, the value of the second coin is 8 x 6d. 
=^ 4 b. Ana. 

Example 8 . The dimensions of a rectangular 
box are as 3 : 4 : 5. The difference between 
painting the outside at 6d. and at 7d, a square 
foot is 178. 7Jd. Find the dimensions of the 
box. 

Suppose the box to be 3 ft. x 4 ft. x 6 ft. 
The total area of the six faces would 

2{(3x4) + (4x 5) + (3x 5))8q. ft. ^ 94 sq. ft. 

But, the difference between the costs at 6d. 
and at 7d. a foot = 17s. 71d. = 21 lid. 

Therefore, the actual area of the six faces is 
21 U sq. ft. 

Thus, 

Actual area : supposed area ! .* 211} : 94 
::423 : 188 

Therefore, each dimension o" the actual box 

■-= 

= I of the corresponding dimen- 
sion of the supposed box. 

Hence, 

Length = ij x 5 ft. = 7i ft. | 

Breadth = | x 4 ft. 6 ft. [ Ana. 

Depth - Tj X 3 ft. = 4} ft. j 

EXAMPLES 19 

1. A rectangular field, three times as long as 
it is broad, contains 30 acres. Find its length 
and breadth. 

2. Find the cost of the paper for a room 
17 ft. 9 in. long, 13 ft. 9 in. broad, and 10 ft. 
high, the paper being 21 in. wide, and its price 
28. 8d. per piece of 12 yd. 

8. Tne floor of a room 21 ft. square has a 
square carpet in the middle, costing Ss. 3d. per 
sq. yd. The x)utside border is covered with 
oil-cloth at 2s. per sq, yd. Had the whole floor 
been covered with carpet, the cost would have 
been increased by £3 ISs. Find the width of 
the oil-cloth border. 

4. A rectangular cistern is 6 ft. long, 4 ft. 
wide, and 3 ft. deep inside measurement. Find 
the cost of lining it with lead, weighing 8 lb. to 
the square foot, at 10s. 2d. per cwt. 

5. It costs £2 178. 9d. to paper a certain 
room. What would the cost have been if the 
room had been twice as long, twice as broad, 
and half as high again ? 

6. The cost of levelling and turflng a square 
cricket field at lOd. per square yard is 
£852 Os. lOd. What will it cost to surround 
the field with an iron fence at fis. per yard ? 

7. The dimensions of a rectangular box are as 
7:5: 3, and its volume is 13,125 cubic in. Find 
its dimensions. 

TIME AND DISTANCE 

188. The speed, or rate at which a body is 
moving, is measured by the distance through 
'which the bo4y would move in a given time. 


Thus, when we say that at some particular 
instant a person is walking at 4 miles an hour, 
we mean that if he continues walking at the 
same pace as at that particular instant he will 
go 4 miles in the hour. 

A person walking at the rate of 4 miles an 
hour, will go 8 miles in 2 hours, 12 miles in 

3 hours, and so on. Hence, 

Rate X Time - Distance ; 
and when we know any two of these quantities 
we can find the third. 

164. In many questions on speed, it is useful 
to be able to convert readily “ miles per hour,” 
into ” feet per second.” For this purpose we 
shall first find what rate in feet per second is 
equal to 60 miles per hour. 

60 miles per hour 

= 60 X 1760 X 3 ft. in 60 X 60 seconds 

88 

= ft. per second 

= 88 ft. per second. 

RememlHuing this result, we can easily 
conveit any other rate from miles per hour 
to feet per second. For example, 20 miles per 
hour is jj{ of 88 ft. per second, f.c., ft. per 
second. 

165. Suppose two persons walking along the 
same road, the first at 4 miles an hour, and the 
second at 3 miles an hour. Then, if they are 
walking towards one another, at the end of 
1 hour they will have diminished the distance 
between them by 4 + 3 miles, ?.#>., they approach 
one another at the rate of 7 miles an hour. 
Or, if the first person is following the second, 
at the end of 1 hour they will have diminished 
the distance between them by 4 - 3 miles, t.c., 
they approach one another at the rate of 1 mile 
an hour. Hence, if we know their distance 
apart at any particular time, we can find how 
long after that time it will be before they meet. 

Example 1. The distance between Edinburgh 
and London is 4(K) miles. At 12 noon a train 
leaves Edinburgh for London at 40 miles an 
hour, and 1 hour later a train leaves London 
for Edinburgh at 50 miles an hour. When, 
and at what distance from London, will they 
meet ? 

At I o’clock, the train from Edinburgh has 
travelled 40 miles, so that, when the other 
train leaves London, the two are 400 - 40, 
t.c., 360 miles apart. But they approach one 
another at the rate of 40 + 50, or 90 miles per 
hour. 

Therefore, ’Hhe time till they meet = 360 
-j 90 = 4 hours after 1 o’clock. 

In 4 hours the train from London travels 

4 X 50 miles = 200 miles. 

Hence, the trains meet at 5 o’clock, 200 miles 
from London. Ana. 

Example 2. The rates of two cyclists are 
as 1 1 : 8. They start together from the winning 
st and race round a circular track. The 
tter man passes the other every 4 minutes, 
and when the race ends they are passing the 
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winning post together for the first time. How 
long did the race last T 

mnoe 11 and 8 are mime to one another, it is 
clear that they will mi pass the winning post 
together when the first has ridden 11 times 
round and the second 8 times round. 

The faster man thus sains 1 1 - 8, or 3, rounds 
during the race. But, he passes the other man 
every 4 minutes, t.e., he gains 1 round in 4 
minutes. Henoe, he will gain 3 rounds in 3 x 4 
minutes, t.e., the race last^ 12 minutes Ans. 

Example 8. Three men ride round a circular 
track 2112 yd. in circumference. The first 
goes 440 yd. a minute, the second 352 yd., 
and the third 344 3^. If they start together, 
riding in the same direction, how long will it be 
before they are together again ? 

The first man gains on the second at the rate 
of 440 - 352, or 88 yd. per minute. Since the 
distance round the track is 2112 yd., the time 
till the first man again passes the second is 
2112"i- 88, t.c., 24 minutes. 

Similarly, the first man gains on the third at 
the rate of 440 - 344, or 9fi yd. per minute. 
He will, therefore, pass the third man again 
after 2112 96, i.c., 22 minutes. Hence, the 

first man will pass both the others together after 
the L.C.M. of 24 and 22 minutes, t.r., 264 minutes, 
or 4 hours 24 minutes Ans. 

166. In the case of a train of given length 
passing a certain point, or of two trains passing 
one another, we have to consider the distances 
travelled. It is clear that, in the first case, the 
train has to travel a distance equal to its own 
length, so that, knowing the length of the train 
ana its rate, wo can find the time taken to pass 
a given jwint. 

In the case of one train passing another, the 
one train must gain on the other a distance equal 
to the sum of the lengths of the trains. 

A B 

C D 


And, to pass one another, the one must move, 
relative to the other, through a distance 77 4- 88 
= 166 yds. 

Hence, they will pass one another in 


165 


^«>^»?)sec. 


60x3 , 


3 

„ mx^<^x3 
\ H 


2 




(ii.) When they are moving in the same 
direction their relative speed is 

46 - 30 — 15 miles per hour. 

= V yd. per sec. [Art. 164]. 
Hence, they pass one another in (166 -4- 
seconds. 


15 

X 3 45 . 

= = 2 = 224 gee. Ant. 

2 

‘ 167. In problems concerning the rate of a 
boat rowed with or against a stream the principle 
is the same. 

If a man can row a boat, say at 4} miles an 
hour in still water, and he rows against a stream 
whose rate is 1^ miles an hour, the actual rate 
of the boat will be 4J - IJ, or 3 miles an hour. 

Similarly, if he rows with the stream, the actual 
rate will bo 4J 4 - IJ, or 6 miles an hour. 

Example. A man rows 7 miles against a 
stream whose rate is I mile per hour in If hours. 
How long will he take to row back again ? 

Against the stream he rows 7 miles in If hours 

= -| = 4 miles per hour. 

But the stream hinders him 1 mile per hour; 
therefore, in still water he rows 4 -f 1 = 6 miles 
per hour. 

Henoe, rowing down stream his rate is 5 + 1 
~ 6 miles per hour. Therefore, to row 7 miles he 
will take 7 -v 6 = If hours - 1 hour 10 min. Ans. 


Suppose AB and CD to l)e two trains, and let 
the train be moving in the direction shown 
by the arrow. Then, whether the train CD be 
moving in either direction or whether it be 
standing, it is evident that when the two trains 
are again clear of one another, their relative 
position will be that shown by A'B* and CD. 
Thus, the one train has traveled, relative to 
the other, a distance AA^ which is the distance 
equal to the sum of the lengths of the trains. 

Example. Two trains of lengths 77 yd. and 
88 yd. are moving at 45 miles and 30 miles per 
hour respectively. Find how long they take 
to pass each other (i.) when they are moving 
in opposite directions ; (ii.) when they are moving 
in tM same direction. 

(i.) When they are moving in opposite direc- 
tions their relative speed is - 

45 + 30 = 75 miles per hour. 

-^^yd-perseo.tArt.m]. 


Answers to Arithmetic 

Examples 18 

1. 3 x 7 X 13 - 273. 6. 2» x 3 x 11 = 264. 

2. 2=»x 17- 68. 6. 5x 23- 115. 

8. S’f X 1 1 X 19 - 5225. 7. 314*27. 

4 . 77. 8 . 1*7728... = 1*773. 

•* <‘*) 314 ; (ii.)_21 0*063. 

10. Vnm = VVt¥ = ¥ = 2|. 

11 . 7-071 ft. 

12. £19 6b. 4d. = 4624d. .-. No. of books 

= v'4624 = 68 Ana. 

18 . £6 2s. 6d. = 246 sixpences. Had he spMit 
as many sixpences each day as there were aa3rs, 
he would have spent 245 -{-5—49 sixpences. 
.*. the number of days — — 7 days Ans. 

14 . Height of the top of the window above 
the ground = 14* ft. = 48 ft. Height of 

bottom of window above ground = >/60“ - 30^ ft. 

— 40ft. Therefore, the window messnres (48 

- 40) ft. = 8 ft. from top to bottom. 
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SUITS FOR THE SCHOOLBOY 

Makiiis^ the Knickers— continued. Joining^ the Lefifs. Lining^s. 
Drafting^ Bojs* Suits, Making^ Coat with Step Collar 


Group 0 

DRESS 

11 

TAiumiNa 

Ooutiuuod from p IMJ 


B7 Mrs. W. H. SMITH and AZ^LINE LEWIS 


T'O join the legs, turn the fore part over, 
^ right side uppermost ; place the left back 
part on to face this and bcUte togt^ther from 
the knee to the waist, keeping the top and 
bottom together and basting close to the pocket 
mouth [48]. 

Stitch the seam (the back part must always 
be underneath when the seams are stitched) ; 
remove the basting ; open, and press, slightly 
damping the seam witn a moist rag. Baste 
the Wen stay of pocket over the seam and 
fell to cloth, taking caro not to let the stitches 
show through [see 
stay at pocket in 
44]. Turn the 
leg over, and with 
needle and twist 
make a good bar 
tack (as worked on 
the ends of button- 
holes) at the top and 
bottom of opening. 

This finishes the 
pockets, and we now 
turn our attention to 
the upper edge. 

Baste a strip of 
linen canvas, in. 
wide, along the top 
of knickers i in. 
from the edge, cut 
to shape, which can 
be joined if neces- 
sary. Baste this along 
twice, also pieces of 
double linen in. 
square where the 
buttons are to go 
[44]. Stitch round 
the top 1 in. from the 
edge; turn the top 
over and serge to 
canvas ; turn over 
again, and stitch I in. 
from edge. 

Baste the inside 
leg seam together and stitch ; open, and press. 
Alter preparing the right leg in the same way 
as for pockets, the outer leg seam,, the waist 
and inner seam, baste the back parts together 
from the fiy to the top, keeping the forks and 
tops even. Stitch twice, remove the basting, 
open, and press ; turn up the bottoms of the 
knickers to the thread marks, and serge to 
cloth, taking care not to let the stitches show 
tW>ngh, luid press over a sleeve«board. 

Work a bar tack on the bottom of fly J in. 
from stitching, as described for the pocket 



ends, to keep this firm, and sew on the buttons 
as already efesoribed for coat. Cut the linings 
the same as cloth ; stitch, 0 |X»n, and press seams, 
and arrange in the knickero in the way about 
to be described. 

Inserting Knickers Lining. Place 
the ba('k scam of lining to the back seam 
of knickers (both inside out), keeping them 
level at the forks and the top. Tack the two 
seams together at the top and bottom ; open 
the knickers and lining fiat on the table, tac’k 
the inside leg seams together at the bottom, 
with the linings 
rather loose, then 
tack the outside 
seams together at 
the top and bottom, 
still keeping linings 
loose. 

Put the hand 
through one leg of 
the lining, take hold 
of the bottom of 
knickers leg, and 
draw through. Treat 
the other leg the 
same. Place the 
pockets level ; tm^k 
the top of lining to 
the knickers ; turn 
these towards the 
worker, with the top 
at the right-hand ; 
turn the lining in 
round the button - 
catch, baste and fell 
to this. 

Nick the lining at 
the bend on the 
buttonhole side, 
turn in the edge, 
baste and fell to this. 
Cut the lining away 
from the top, about 
J in. all round. Take 
a strip of light silesia, 
4 in. wide, for a waistband, and the length of 
this portion of the lining from front of fly, 
as from a in 44. 

Baste to the lining, right side underneath, 
and IJ in. down from top ; run on J in. from 
the edge of waistband, holding it tightly 
whilst putting on, leaving | in. tor turning in 
centre-back; place the other piece over it, 
and run on in the same way. Turn the waist- 
band tip and crease along with the thumb 
where sewn on ; baste, cut the band off at the 
top, leaving J in. to turn in. Nick at the sides, 
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JOINING IHB LEGS 








aa at B in Fig. 44 ; turn in, Wte and fell. 
Turn in the bottoms 1 in. from the lower edge 
of knickers, and fell to cloth. 

Then give the knickers a final pressing in this 
way. Take each leg separately, fold the seams 





44 . UPPER EDGE OP KNICKERS 

together, press over a damp cloth, and n a'ie 
a crease down the front and tack [ 46 ]. 

Suita for Boya from Eight to Ten 

Yeara. We have now to deal with suits for 
boys between the ages of eight and ten. 

Breast 28 in. ; w'aist 27 in. ; neck 13 in. ; 
back 14 in. ; full length 22 in. ; { in. turnings 
are allowed on all Scale, half breast, 

14 in. 

Drafting the Coat. Draw lines at right 
angles fro i A, B, C, D and 
E, as in p.evious drafts. (/ 
to O, I and I in. ; (J to H, 

31; in. ; (» line to H**, 3 in. ; 

H* to H‘’, J in. ; connect to 
neck curve. G line to P 
i in. more than G to H. K 
to I, one-twelfth (IJ in.). 

Drop the front 1 in., and 
draw straight line to K. The 
comer can be curved of! to 
any style preferred. 

Complett^ shoulder, arm- 
hok^ curves, and side lines as 
in previous drafts. 

Collar. Half an inch 
from M'‘ make 1 ; draw line 
from H through 1 ; 1 to 2, 
one-sixth of nock, plus ^ in. ; 
where this line crosses neck- 
curve make X. H* to 3, 

1 in. ; 3 to 4, 2 in. ; H'* lo 
5, IJ in. ; 5 to 4, IJ in. 

Draw lines from 5 to 4 and 4 
to 2. Square down from 2 ; 

2 to 6, in. (for fall) ; 6 
to 7, 1 in. (for stand). Curve 
from 6 to 7, and from X to 
6 ; 6 to 8, J in. Draw line 
from 7 through 8 to 2. H 
to 6 represents the fold of 
collar and rever [ 4 «]. 

PocRet. One and a half in. 

down from waist, on line G, 45 . pressing 
make 6 ; 6 to 7, 1| in.; 6 to 8, 
j in. ; 7 to 9, the same. Draw line from 8 to 9 ; 
square two lines from 8 and 9, 5| in. ; and 
oonneot with a straight line [ 46 ]. 

For the breast pocket the opening is 4 in. 
[For position see 46 .] The welt, } to 1 in. 


For the sleeve draft the pattern as in diagram 
of coat [16, page 1112]. 

Coat with Step Collar, This coat 
is made in the same way as the previous one 
with the exception of the collar. 

We can therefore assume the pockets are 
maMle, and all is ready for the canvas, which 
must be put in loosely — J in. beyond the lapel. 

Take a piece of linen, 7 in. long and 1 in. 
wide, to form the bridle or linen stay ; crease 
it through the centre, and place the crease on 
the thread marks for turn over — that is, from 
H to X [46]. 

Baste in position, holding the bridle a little 
tightly, but not tightly enough to full it in any 
way, and place the front on the knee. Work 
two rows of padding beyond the crease (that is, 
away from tne worker), pad the lapel to within 
J in. of the edges, rolling it well over the hand. 
Fare the canvas away a good seam, and place 
the linen stay on the edge, as has been already 
shown, extending it 2 in. beyond the top of lapel. 

Now take an extra piece of canvas or old 
cloth (the latter for preference), which must 
extend just beyond the armhole and be carried 
to the side seam. It must be well basted to 
the under canvas all round, and the front secured 
to the bridle. The stitches must not show 
through, as they remain in. 

The Facing. Place 
the fore part on the table, 
— lapel turned back, and press 
over a piece of linen. The 
facing is now basted in, and 
must be put on full round 
the edges of lapel, as from 
H to X (if this is not done 
the lapel will not lie flat, but 
curl up), and should extend 
i in. above the neck line. 

Stitch the edges, cut them 
even, remove the basting, 
turn the facing over, and 
work the point out nicely. 
Baste the edge of lapel on 
the right side, working the 
seam over i in., so that it 
will not show on the edge. 
If it shows, the effect will 
be spoiled. Roll the lapel 
over the finger, pressing the 
cloth a little towards the 
comer, and baste from top 
to bottom over the crease. 
Turn the for© part over, 
facing uppermost ; * turn the 
lapel back under, and place 
it in this position on the 
table. Baste the edge from 
lapel to the bottom, keeping 
the seam in | in., so that it 
IHS KNICKERS does not show on the right 
side. Baste down the centre 
of facing, taking great care not to pull the cloth 
back from the lapel, but rather keeping it easy 
at that part. Serge the edge of facing to canvas 
only. Nick the cloth a seam from the comer 
of lapel, and continue coat as shown. 



After pressing the seams secure the canvas 
to the taming beyond the shoulder seams* 
stretohing the canvas while doing so. Secure 
the cloth faoiim to the canvas, and insert lining. 

Tracing Collar. We are now ready tor 
the collar. Trace it off on a piece of brown- 
paper, marking the crease (X to 6). The canvas 
must be on the bias, and two pieces are required, 
which may be cut ^ in. longer at centre of back. 
Join centre-back by letting one end overlap the 
other. Cut two pieces of cloth j in. larger than 
the collar all round. Stitch them together at 
the back, and press open ; turn the canvas 
back to crease, and fit to the neck. If it is a 
little small, stretch it to make it fit. Place the 
canvas on the wrong side of collar, leaving ^ in. 
margin all round, and baste througK the crease. 

The stand must have a few rows of stitching 
to make it firm, and the fall must be padded to 
the cloth, care being taken to have no ridges 
between the rows. Turn the stand back, place 
on the table with the latter uppermost, and 
press (keeping the neck “snug* — t.e., well in 
shape and not stretched). Now cut the outside 
collar. This must be out across the material 
in one piece, and f in. larger all round — more if 
the material be loose or inclined to ravel. Be 
sure to chalk -mark the turn -over. Place the 
collar on the table, cloth uppermost ; put on 
the outside collar with the wrong side upper- 
most, baste to collar through the centre, leaving 
I in. over and above the edge. 

Now baste the edges together from the right 
hand, fulling the cloth on well 1 in. on cither 
side of the corners [see Flap Pocket]. Stitch 
the edge, remove basting, turn the facing over. 
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work the corners out well, baste round the edge 
from the inside, keeping the stuiin well under. 
Roll each end over the finger, pressing the cloth 
towards the point, and put two or three small 
basting stitches to keep in position [47]. Pare 
the canvas away, leaving j in. of cloth free, 
from end to end. Secure the facing and canvas 
to the neck part, turn the coat over, wrong side 
uppermost ; place the collar on, with the 
notches together and the cemtre of collar to 
centre of back ; baste to the nock along the 
edge, and stitch or fell on the thrt^ad marks. 
Remove the basting, open and press the seam, 
and turn the coat over. 

Fell^the raw edge of under-collar round the 
neck, pulling the cloth down a little over the 
seam at the comers, and holding the collar well 
over the hand, slightly stretching the hollow 
of the neck. Turn the coat over turn back the 
collar and lapel, place on a sleeve-board, and 
press over a piece of linen right round, curving 
the neck and keeping it “ snug.” Take a needle 
and silk, and stitch along neatly from end to 
end, just below the crease, to keep the collar- 
facing in position. 

Sew a hanger on coat near the lining, and 
stitch twice at both ends. Place a piece of linen 
on the right side of collar and lapel, and give a 
gentle press off. The iron must 1^ lifted up and 
down, not moved backwards and forwards. 
Continued 
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REINFORCED CONCRETE 

The Advantail^tti and Hiatory of Reiiifomd Concrete, Detaib 
of Cooatractioa and Formule. Uae of Ea g n ui d ed Jieta! 


By Profenor HENRY ROBINSON 


DOTH on the Continent and in America the 
^ oombinatioa of concrete with iron or eteel 
haa for yeara past been employed for different 
kinds of structures, but until quite recently the 
importance of this method of construction has 
not attracted the practical attention of engineers 
and architects in England which it deserves. 
Combinations of concrete with iron or steel are 
known by vu'ious names such as Ferro- 
concrete,” “ Armoured Concrete,” “ Concrete 
Hteel,” “Fortified Concrete,” etc., but the name 
“Koinforced Concrete” is the term now generally 
accepted as covering all systems. 

Perhaps the first us© of reinforced concrete 
was in 1876, when M. Monier put into pntctico 
an invention for which he received a diploma 
at the Paris Exposition in 1878. As Monier's 
system became Known, and the importance of 
his method of construction recognised, other 
systems sprang into existence, the outcome of 
various combinations of material, and at the 
present time some fifty exist, many evi- 
dently being brought out to avoid jn&inging 
patent rights. Some of these systems employ 
metal with peculiar sect ions. Others employ 
ordinary sections in peculiar positions. All, 
however, liavo the same object in view — that 
of placing the metal in such a position that it 
will take up those stresses which the concrete 
is least able to deal with, or which the concrete 
would not be able to take unaided. 

The peculiar properties of reinforced concrete 
are still the subject of controversy, and most of 
the constniotors or patentees rely chiefly on 
empirical formul® ana “ specific combinationR ” 
(as they are legally termed). 

The advantages of the system will be 
bettor appreciated if we give examples of 
the various purposes to which it has 1. 
already been praotioally applied. 

American Uae. In America this “ rein- 
forced ” concrete is used in the construction 
of office buildings of sixteen stories, also for 
factories, railway stations, etc., the foundations, 
walls, columns, girders, floors and roof forming 
one monolithic mass. The Visintini system 
(introduced from Switserland) employ girders 
of the Warren type, but of armoured concrete, 
made separately, and resting on brackets placed . 
on armoured concrete columns. Across these 
main girders are similar, but shallower, girders, 
lakl together and forming the floor. Om 
manufacturing establishment buflt in this way 
is 200 ft. long and 60 ft. wide, having a 
middle row of columns. The main girders are 
24 ft, k>ng» 25 in. deep, 12| ft. imart,' and 
cany beams 12 ft. long and 6 in. de^, laid 
closely together. The j^irders and bea^ are 
composed of 1 pajct of Irortland cement, of 
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sand, and of broken trap rook, armoured or 
reinfbrced with 1 in. steel bars. The oolunms, 
are composed of 1 of cement, 2 of sand, and 4 of 
broken stone ; ^y have vertical 1 in. steel rods, 
connected by horixontal rectangular hoops d 
steel Another system of concrete constmotkm 
now being extensively nsed for residences, and 
for hotels, banks, and business buildinm in 
smaller towns, oonsists in the use of houow con- 
crete blocks instosd of bricks. These blocks 
are made in moulding machines of various kinds, 
all sorts of moulds being used for ordinary 
blocks, lintels, sills, pilla^, and architectural 
or ornamental shapes. 

A Reinforc^ Concrete Reservoir. 

The following is a description of a design for 
a circular service reservoir for water supply 
which the writer made a few years ago, and 
which had to be constructed on the site of an 
old one that had collapsed through the sub- 

sidence of the ground caused 

by the removal of coal be- 
neath it. The work was 
b<AMcrc« designed to bo carried out 

-w., by the Armoured Concrete 

I Construction Company, of 

"o Westminster. The various 

calculations are given in 
detail to show the methods 
employed to determine the 
sections of the combined 
materials. 

Owing to the fissured con- 
dition of the land, the calcu- 
lations were based on the 
wall standing on the ground 
unsupported on either side, 
as shown by 1, from which it 
SECTION OF WALL will be Seen that the depth 
of the reservoir was 13 ft. 
4 in., and its diameter 86 ft, 9 in 

When the reservoir is full the maximum 
horizontal pressure near the bottom = Z. 

Z (for a section 4 in. high) at 160 in. of water 
= 0*0026 ton per square inch. 

Z =» 0*0026 X 4 in. X = 5-41 

The sectional area for the iron rods necessary 
to take this tensile stress is calculated on the 
assumption that two-thirds of the 

(vfiiioh is taken at 6*4 tons) is not' 

This is in order to allow for any weakness m the 
welded or hooked joints. 

Then, seotioiial area of rods 
« 6*41 

- “ = firiFi = *9- 

As the walls were arranged to be constructed 
with 'double armouring, it foUowed that instei^ 
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ol one rod of 1*27 sq. iiL area, two rods 
oi 0*625 sq. in. (or JJ in. diameter) were 
coed, and spaced as snown in v5. The rods 
lor- the top portion of Ij^e wall, where the 
prasure is not so great, are reduced to f in. 
diameter. The vertical rods are spaced 4 in. 
i^tart, making a network having meshes 4 in. 
square. 

The concrete in this case was 10 in. thick at 
the bottom and 5 in. thick at the top of the 
wait but the thickness depends entirely on the 
conditions of each case under consideration. 

Calculations for the Floor. The 
floor was calculated to carry at any part an 
equally distributed load of 4 tons per square 
yard with a clear span of 6 ft. 6 in. 

' Tons per sq. 
yd. 

Water pressure = 0*0026 ton 
per square inch or 3*37 

Allow' for dead weight .. ., 0*63 

Total 4*0(» 


where M » Moment of load, 

K « Safe load per square inch for iron 
(6*4 tons), 

d =5 Thickness of concrete. 

Therefore, 

^ 5*46 7 

= 6-4“xTx’8 = “'I' "" IS 

It is necessary now to determine whether in 
the section that has boon obtained cither the 
compressive stresses in the concrete, or the tensile 
stresses in the iron, will exceed their limits. 
The proportion of the coefficients of elasticity 
of concrete and iron being 10, it follows that 
ten times the section of iron represents the 
proper area of concrete, and for the increased 
total sectional area thus obtained the exact 
position of the neutral axis has to be cal- 
culated [8]. From this the maximum com- 
pressive and tensile stresses can bo deduced 
thus : 

F = Increased sectional area = 8 in. x 3 in. 
-f 10 X 0*15 — 25'5 sq. in. 


2. SECTION OF FLOORINQ 



3. NEUTRAL AXIS 





6. EXPANDED METAL LATHING 


nc concrete in the floor was to be 8 in. thick, 
and the rods were to be laid to form 3 in. meshes, 
so that we have to calculate the armouring for 
a slab 6 ft. 6 in. span with a width of 3 in. [2J. 

T j 4*00 tons ^ ^ 

Load per sq. m. = = 0*003 ton. 

Total load for 3 in. slab = 6 ft. 6 in. x 3 in. 
X 0*003 = 78 in. x 3 in. x 0*003 = 0*70 ton. 

The slab being taken as a continuous girder, 
M PS 

w 

Moment of load = — T? 6‘46. 

For a rough calculation of the sectumal area 
of the rods the following empirical formula 
may be used : 

« M 


8 = Static moment of F relative to top of 
section = Fw (n being the distance ol 
centre of gravity from the top of the 
section). 

S = (24 X 5) + (1*5 X 7) = 06 -f 10*5 = 
106*5. 

J = Moment of inertia relative to top ot 
section = 8f^. (^ = 8 in.) 

J = (96 X f X 8) + (10*5 X 7) = 585*5. 

S - Distance of neutral axis from top of 

section = ^ = 4* 18 m. 

= Moment of inertia relative to neutral axis 
= J - «*F = 585*5 - 4*188 x 25*5 
= 138*5. 

From the following formula of Navier’s tho 
maximum compressive or tensile stress at a 

distance y from the neutral axis = 7 ~ ^ . 

Jo 
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7. EXPANDED METAL FOR CULVERT 


the value of j/ in thia case being, for com- 
pression 4*18, and for tension 3* 82. 

Thus we hav(^: 

Maximum compressive stress m concrete 
4*18x6*46 ^ , 

— jijgT^ — = 0*17 ton per square mch 

Maximum tensile stress in concrete 

= ^ f ^ = 0*16 ton per square inch 
138 * o 

Assuming that the whole of the tensile 
stresses are taken up by the iron bar, the tensile 
stress Z in this bar is calculated as follows [3] : 


Z 

'tv ' 

where 

M = Moment of load, 
X The distance be- 
twoen the 
centres of the 
tensile and 
compressive 
stresses. 

Tne centre of the 
compressive stresses 
is situated at the dis- 
tance 5 3 from the 

top of the section. The 
tensile stresses may be 
fairly assumed to bo in 
the centre of the bar. 
Thus we have 

r=8m.-(|-l) 


Tile seetional 
of the rod being 
0*15 eq. in., the tensile 
stress in the bar of 

p“ 

square inch. 

Concrete nnd 
£x|Miiid«d Metal. 

The method of rein- 
forcing concrete em- 
ployed by the New 
Expanded Metal 
Company is deserving 
of mention. It is 
carried out by placing 
sheets of mild steel 
vertically on edge, 
and with one opera- 
tion slotting and 
drawing out the metal 
to the form shown 
in 4 . No loss of 
material or weight 
takes place. The 
expansion varies be- 
tween 6 to 12 times 
the original length of the sheet, but there is no 
alteration in the width. 

The resistance of the sheet before being 
expanded is 48,000 lb. per square mch. The 
ultimate strength of the metal when expanded 
is said to be increased up to 63,000 lb. per square 
inch. There is a loss of elasticity in the metal 
which is rather advantageous, as it is not 
advisable to have too elastic a substance. 

The formula employed by the Expanded 
Metal Company for concrete slabs reinforced 
with expanded steel is as follows : 




; V 






= 8 - 


4*18 

3 


- 1 « 5 ‘ 61 , 




5*46 
X 5*61 
0*96 ton. 
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Safe working load in 
owts. per square foot 


6 X 



where t — Thickness of 
slab in inches, 
s = Span in feet 
from centre to 
^ centre of sup- 

ports. 

The sectional area of the 
expanded metal as com- 
pared with that of the 
concrete is in the propor- 
tion of 1 to 200. 

Expanded metal is not 
adaptable to beams, so 
that where floors, etc., 
are being constructed on 
this principle the ordinary 
steel joists are employed. 
In cases where it is 
necessaiy to plaster the 
underside of the joists, or 

G irders, the method of 
oing so is as shown in 6. 
Use in Culverts 
and Conduits. Figs. 
7 and 8 slipw the con- 
struction of a culvert with 
expanded metal reinforc- 
ing the concrete. Fig. 9 
gives details of a reinforced 
concrete conduit. 



10. WEST HARTLEPOOL SEA-WALL 


Figs. 10 and 11 show a retaining wall con- 
structed at West Hartlepool. This wall, although 
on the sea front, was not designed to withstand 
heavy sea action. 

Bridge Construction with Reinforced 
Concrete. P igs. 16 and 17 show the employ- 
ment of armoured concrete on a bridge con- 
structed by Messrs. Wayss & Frey tag over the 
river Ybbs. Fig. 16 shows the work in pro- 
gress, while 17 is a view of the bridge when 
completed. 

Reinforced Concrete Piles. Piles 


Figs. 12, 18, and 14 illustrate the piles that wero 
used in the ease referred to. They were con- 
structed on the Hennobique system. Fig. 15 
shows the steel reinforcement ready for mould- 
ing with concrete as follows : 

Tlie piles are constructed in vertical timber 
moulds supported by frames, the inner section 
of the mould corresponding to the size and 
shape of each pile. The working face of the 
mould is loft open, care being first taken to see 
that everything is perfectly plumb. The steel 
shoo is then inserted in the bottom of the 


constructed of reinforced i mould, with its upper ends 

concrete have been success- 1 turned over inwardly to form 

fully employed, and an in- a key to the concrete. The 

teresting description of their vertical rods are then placed 

uses was given by Mr. A. G. ^ \ position, about an inch 

Galbraith, in a Paper at the / \ l)elow the surface of the con- 

Sooiety of Engineers, in 1902. v^\ Crete, and connected together 

Their superiority to wooden ^ with distance pieces dropped 

piles consists in their being ^ ^ Y* A from the top as required, 

free from decay and attack / M Concreting is then commenced 

of insects. With regard to hLPy j /- \ j W* ^ and the working face of the 

the destruction of wooden Lcjl J , I V y moulds is gradually closed 

pilt^ by insects, the ''teredo,'' -AL ^ with shuttering about 

or ship worm, has been known J every fl in. in height by the 

to destroy a pile within twelve y— i - j workman os ho proceeds 

months. It has been found with the punning. After 

that in a comparatively short n about 38 hours the concrete 

time 50 per cent, of the is sufficiently set for the 

weight of the pile has been ^ r | A^efmry. moulds to bio stripped, and 

removed. The reinforced fte piles are allowed to 

oonerete pile, however, may ^ remain from 28 to 40 days to 

be considered indestructible. 9. bxpakded metal conduit dry preparatory to driving. 
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It u sometlmw move 
eooncnnicftl Mid oon- 
▼onieiit to Bialce ttie 
pike in homontal 
moulds but in that 


in the punning iteration 
cement beoot workM out too much to the 
up^ c'trfaoe. 

18 if a tjpoal example of a aheet 
pile in elevation add transverse seotiona, 
showing the disposition of the steel work 
and drifted shoe. Tig. 18 is a plan of the 
same pile, showing me arrangement of 
the oistanoe pieces, stirrups, etc. These 
jHles are fitted on each side with a semi- 
circular groove which extends from the upper 
end of the shoe to the top of the pile ; and at 
the lower end of the pile, on its longer side, is 
fixed a metal spur wluch fits into the groove of 
the pile preceding it, and acts as a guide in 
driving. After driving, these grooves are care- 
fully cleaned out by a water-jet and filled with 
cement grout, forming a solid watertight joint 
between the piling. These piles are made in 
lengths of 46 ft. and 48 ft., and have all the 
resuienoy and elasticity of timber piles. As an 
instance of this, a 14 in. by 14 in. pile, 43 ft. 
long, suspended in the middle, will bear a 
deflection of from 3| in. to 4 in. and, unlike 
timlier piles, they can bo easily lengthened and 
joined to the adjacent work. 

The 
design i 
of we 
pile is 
based 
on a cal- 
culation 


of the force to which it will 
be subject in the operation 
of driving, and the following 
formula^ enables this to be 
determined. 

Let 

W = The load, 

Q t= Weight of 
monkey or 
ram, 

/ « Fall of mon- 
key, 

w «qx 877 :(i) 

Dr. Ritter's formula is 
generally used to ascertain 
the supporting power 
piles after driving. 



W = ^x- 


12. FSRRO-CONCRBTK SHEETING PILE 


Then 


•WTIM n.ti. mVIM 

18. rXBBO-OONCBXTE 
SHXBIIKG PILX 

CofiHnu^ 


11. DETAIL or WEST 
HARTLEPOOL SEA-WALL 

W = Load in pounds, 

Q s= Weight of monkey, 
g = Weight of pile m 
pounds, 

h = Height of fall of 
monkey, 

e =: Final penetration 
in inches. 

Then 

Q- 

€ Q + gr 
+ Q -f g . . (2) 

The value of e varies 
from 0'25 to 0*10 in., 
according to the strata intc 
which the pile is being 
driven. The former value 
suffices imder ordinary 
circumstances. On tlie 
value of W being ob- 
tained, it must be r^uoed 
to the safe bearing load, 
wi^ an allowance of 10 
as a factor of safety. 

Pile Driwlng. Re- 
inforced concrete piles can 
be driven either by Inr- 
draulio pressure or hy the ordinaiy pit^ 
driver. The best results, however, seem 
to be obtained by emjdpying a'heavy 
monkey with a short drop. A hetoet 
should be placed <m the pile wi^ a space 
between the head of tho pile, And the 
helmet filled with sawdust. 


(kt9th»» 


VERBO -CONCRETE 
PILE 
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THE SCANDINAVIAN KINGDOMS 

Chmctcfiftics ni Norw ay and Sweden. The tfldinfht 
Son. Sweden Contrasted wiUi Norway. Demaaik and loelaad 


By Dr. A. J. HERBERTSON end F. D. HERBERTSON, BJL 


NORWAY 

PARALLEL to our shores, 400 or 500 rnikn to 
^ ^ the east, lie the ScandlnaTian hin^oms of 
^Norway and Sweden (forming the peninsula of 
Soandinavta), and Denmark, formed of the 
peninsula of Jutland, running north from the 
mainland of Central Europe, and of many 
islands. They almost separate the North Sea 
from the Baltic Sea, which is entered from 
the west by the Skagerrack, Kattegat, and 
Sound, as ah^ady described. Our shores early 
offered a prize to the pirates of these northern 
lands, who also occupied the valley of the Seine 
in France, and, becoming known as Normans, 
conquered our country in 1066. Our own blood, 
therefore, is largely mixed with Scandinavian. 

Characteriatica of Norway* Norway 
(124,000 sq. miles) occupies the western and 
steeper slope of the Scandinavian plateau, rising 
to over 8,000 ft. Except on the lower slopes, 
it is a treeless moorland, covered with heather, 
lichens, or reindeer most. The peaks rise above 
the snowline, and the higher valleys are filled 
with glaciers. The rivers, which often form 
magnificent waterfalls, descend as swift torrents 
to the sea. The lower ends of the valleys have 
been drowned, forming a fringe of rocky islands 
called the Skerry Gua^, the ^ngerous currents 
between which gave rise to stories of maelstroms 
and whirlpools, and fjords [65, p. 980] like those 
of the Scottish Highlands, but far longer, and 
enclosed between mountain walls thousands of 
feet high. These fjords are visited by thousands 
of tourists every year. The Sogne Fjord, over 100 
miles long, one of the most l^autiful, has been 
thus described : At one moment the boat is 
beneath a huge cliff that seems to block the 
narrow’ channel ; at another she is sailing over a 
clear space, out of which open a number of rocky 
side fjords. At one moment the view is limited 
to a few hundred yards of water, bounded on 
every hand by stupendous meoipioes ; atanothw 
the eye ranges up a beautinil valley, or tiirough 
some depression in the fjord wall caches distant 
sunlit peeps of glacier or of mountain ouUines,'’ 
Yuiy waterfalls leap over the ^rd waDs, 
adding to the beauty of the scene. High op on 
the cliffs are seen little farms, where it is said 
both animals and children are tethered. 

Climate. Norway extmds from the lati- 
tu^ of Aberdeen to just withjn the Arctic Cirde,' 

K a considerable difference of temperature 
m the north and south. Its weet^n 
shores are waahed by the Atlantio, ae4 its ‘pce- 
vafling winds, like our own, «e soute-^westeriy* 
As in our ewn land, these the winter muoii 
milder than it would others^ be. Norway hi a 
country of considBrable devaiion, lyf^ the hi^ 
166 l> 


altitude tends to lower the temperature; but 
the waters of the surrounding seas and the 
winds blowing over them are warmed by the 
surface drift ^om the GuU Stream, and its porta 
are therefore ice-free in winter. The clnnate 
of the south reseml^ that of NorUiem 
Scotland, with mild winters and cool summers, 
but in the high interior, and as we go north, 
the winter becomes very severe, and the land 
is buried in snow for many weeks. These, 
however, are almost uninhabi^ regions, and on 
the' coast, where most of the people live, the 
winter is less severe than in many more 
southern parts of Europe. The summer is 
nowhere hot. Rain, as we should expect, is 
abundant, especially in winter, when the 
Atlantic winds have their greatest force. 

L4iiid of the Midnight Sun. In our 
own country we know how late the sun rises 
in winter, and how early it seta. In Norway, 
which lies almost wholly north of our islanife, 
this is much more marked The winter days are 
everywhere shesrt, and as we go north they are 
reduced to little more than an hour or two of 
twilight. The compensation comes in summer, 
when each day the sun rises higher and remains 
longer above the horizon. Night becomes 
merely a short twilight, and in the far north 
the splendid spectacle of the midnig ht sun is 
seen. A traveller writes : “ AftCT leaving 

Hammerfest, we were all on deck to witness 
sunset and sunrise, if thus it can be termed. It" 
was about 11 p.m. The effect of the sunlight 
on the headland was wonderfully beautiful, for 
as the sun sank lower their tints kept changing, 
till at last they seemed to be bathed in a vermilion 
hue. It was now midnight. In a few minutes 
we noticed the sun gradually rising higher and 
higher, and now the colours were of a totally 
d'fferent hue. Dj^ had succeeded night almost im - 
perceptibly.” With almost eontinaous sunlight, 
vegetation comes on as if by magio, and sowing 
and reaping succeed each oUusr in a few weeks. 

A Natten of Soankon. In the high 
interk»r the forests ol the lower slopes make the 
cuttipg of timber and the gathering of turpen- 
tine important. Above the teee-line are moun- 
tain pastures, to which the cattle are driven 
in summer. Only the coast is thickly peoided. 
^ in the West Highlands of Scotland, fanning 
is eked put by fishing, which is 'extremely im* 
pmrtant. The Norwegians are a nation of 
seameiL Tbe lomt timber baa always made 
^ buildiiig of boats an easy matter, and the 
QprdB are ttitezai roadb from tee desolate mterm 
to tee sea, with its teemnig waters and ridi 
lands beyemd. Ancientiypirates, the Nmrwegiaiis 
now do an canyiii^ trade in parte 


el ike woM, Oam td the greet fishing oentres 
m the Lofbden Islands, in north, mere mil- 
lions of codfish are eain|^t and dried annually ; 
then the reekiiig livers are stewed in huge 
boders for ood-fiver oil The season begine in 
Jandary, and lasts till AfirtL For the next two 
mondis the fieh are left to dry in the summer sun, 
and the fishing fleet returns lor the spoil in June. 
The whale and seal fisheries are also important. 
In a wmd, it is to the sea, not to the la^ that 
the Norwegian 
looks lor a 
liYing. Of the 
land three- 
fourths is un- 
productive, over 
'one-fifth forest, 
and less than 
one- thirty -third 
cultivated 

Towan of 
Ncnrway. In 
such a country 
the towns we, 
of course, all on 
the coast. In the 
south, on Chris- 
tiania Fjord, 
is Christiania, 
the capital, at 
the end of an 
ocean avenue 
fringed with 
pines and walled 
with mountains. 

Iiarther east, the 
Glommen, the 
longest river of 
Norway, flows 
to the Skager- 
rack. Look out on 
the map Dram- 
men, Stavanger, 

Bergen, Chris- 
tiansand, the old 
city of Trond- 
hjem, Narvik, 
formerly Vic- 
toria Haven, the 
terminus (A a 
line across the 
mountains from 
Gellivara in 
Sweden, Hammerfest, and Vardo, all fishing 
ports, finely situated on fjords. 

SWE0EN 

Sweden (nearly 173,00fiBq. miles) is the gentle 
eastern slope of the l^and^vian {^teau. In 
the north the province of Norrlara occu|m 
half of the country. It is ** a land ol very 
short amnniers and long winters, of high 
mouirtaiiis, and great rivers wmoh mn in almost 
paraB^ lines to the sea, longing navigable 
waterways to the coast fSQO and 300 miles 
long* a land of great primeval forests and 
swwnpy wddemesses, ii vast timber and 
mining indnstriea.'' Svealand, the midland 
province, is ** the regumoigroat lakes and smiling 
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pasture lands, of well-tiUed fields and well-to-dd 
peasant komesteads. of proaperooa towns and 
nourishiiig industrial enterprises.'' Gdtland, in 
the sooth, HI the richeet part of Sweden. TIm 
ports along its seaboard ^ are only rivalled 
by the capital, which dominates the midlands. 
Rich agricuHoral lands and teeming factories 
are the principal sources of Sweden's agricultural 
and industrial wealth." 

Contraatod with Norway, Here, evi- 
dently, is a land 

* very different 

from that on the 
opposite slope of 
the mountains, in 
which a richer 
imd more varied 
life is possible. 
Unlike the Nor- 
wegian, the Swede 
may hope to win 
a living from the 
land, with its 
triple gifts of 
com lands, forest, 
and minerals. The 
highlands of Nor- 
way intercept the 
mild, rainy winds 
from the Atlantic, 
just as the west- 
ern highlands do 
in Britain. There 
is the same con- 
trast l)etwecn the 
wet, mild, west 
Norway and the 
more extreme and 
drier east S we-den . 
In winter thc^ 
Swedish ports arc^ 
clost4 by ice, and 
a difticult line has 
been carried 
across the moun- 
tains to reach 
Narvik, the ice- 
free port for the 
northern iron 
mines in winter. 

As in Norway, 
the summers are 
short, and almost 
continuously light, while the winters are long and 
dark. Tb^ are, however, more severe than in 
Norway. The duration of winter varies consider- 
ably. In Norrland ice and snow last about 200 
days, againet 150 in Cential Sweden and 115 in 
the south. In ^ south the ice* on river and lake 
breaks upin April, but farther north not till May 
or June, aocording to latitude and elevation. 

Rmoufm* of SwodoA. These are 
threefold. In the flat south, wheat, barl^, 
m, and oata ate grown, and much beetroot 1^ 
the numerous sugar factories. In the undu- 
lating midlands innumerable farms are found ta 
the forest dearings, the cattle being driven 
in summer up to the hi^ier, richer pastmes; 
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In the north neither the mountainoiig oountiy 
nor the climate tnito agriculture, thoaf^ a little 
18 carried on as far north as the Arctic Circle. 
This 18 the forest district, which supplies Sweden 
with her leading export — timber in various 
forms. Much is sawn in the forest, in mills 
turned by the innumerable streams. It may 
then be converted — by water-power, of course — 
into door or window frames, while the shorter 
lengths are made into matches, or wood-pulp, 
out of which much paper is now manufactured. 
In all these forms the forest helps to enrich 
Sweden. Minin.*; is also extremely important; 
Swedish iron in particular, which is most 
abundant round Gellivara in Lapland and 
Dannemora in the centre, is of excellent c^ality 
and in great demand. Copper is mined at Falun, 
and there are other useful metals. Coal is scarce. 

How the People Li^e. Outside the 
towns the Swede is a farmer, a forest worker, or 
a miner. In the towns he is a clever, industrious 
artisan, whose industries are rapidly growing. 
In the remoter districts, where communication 
between farm and town is difficult, the fanner 
must be farrier, blacksmith, wheelwright, etc., 
while his womenfolk spin and weave, and are 
the tailors of the family. In the mountain dales 
♦he picturesque old dresses are still worn, 
and life is lived very simply and frugally. The 
towns are attracting people from the country 
districts, and there are signs that Sweden is 
slowly changing to an industrial country. For 
such a career she heus many advantages. A 
notable one is the excellent water communica- 
tion. The great lakes are like inland seas. 
Wener Lake covers over 2,000 square miles. 
Lake Wetter is nearly 750 square miles, and 
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Lake Malar 500 square miles. Many canals 
have been out to unite these and smaller lakes. 
The most im|Mrtant is the Gdta Canal, from 
Qoteborg (Go^enbuig), the chief port, to Stock- 
holm, the oapi^, by way of Lakes Wener 
and Malar. As m Norway, most of tiie towns 
are on the coast. Goteborg, Helsingboi^, 
Landskrona, Malmb, Karlskrona (the nav^ 
station), Norrkoping, and Stockholm (the capital) 
may be looked out on the map. Of inland towns 
the most important are the universities of Lund 
and Upsala. Stockholm, built on idands con- 
nected by many Itnidg^, is often called the 
Venice of the North. With its lakes and {une- 
woods, its hills crowned by palaces and chui^es, 
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and its many fine buildings, it is one of the most 
picturesque capitals in Europe. 

DENMARK 

Denmark consists of the peninsula of Jutland 
on the mainland, the la^e islands of Fyen 
(Fiinen) and Sealand, and many smaller ones. 
Look out these and the channels between on a 
map. Including the Faroe Islands and Iceland, 
its area is about 16,000 square miles. Neither 
mainland nor islands have hills over 600 ft. high. 
The scenery owes its charm to the contrast 
between the cultivated shores and the winding 
straits. Jutland has low, sandy shores with 
many lagoons on the west coast, and a somewhat 
higher shore, with better harbours, on the east. 
After the primeval beech-forests disappeared, 
it passed into boggy, treeless moorland, almost 
impossible to cultivate. Within the last century 
much has been converted into excellent meadow 
or agricultural land by draining, and by planting 
trees on the western or windward side. Roads 
and railways now penetrate prosperous districts 
which, in the lifetime of thfeir inhabitants, were 
inaccessible and houseless moorlands. Four- 
fifths of the country is now productive. 

Denmark is in the latitude of Southern Scot- 
land, and has a similar climate, with rather 
colder winters and warmer summers. There is 
sufficient rain to keep the meadows green. The 
Baltic is frozen in winter, and the Sound and 
other channels occasionally blocked with ice. 

Danish Industry. The Dane is a model 
farmer and dairyman. By promoting education 
and using the best scientific methods, he has 
transformed a poor country into a prosperous 
one. Danish dairy produce, butter, bacon, and 
eggs, are famous for their excellent quality. 
Many dairy farmers work on the co-operative 
principle, which gives uniformity of quality at 
minimum cost. One large co-operative dairy 
handles the milk of over 6,000 cows daily. The 
chief agricultural crops are barley, rye, and sugar 
beet, wi th which are connected the industries of 
distilling and sugar-making. Denmark is a land 
of seas and islands, and most towns are naturally 
on the coast. To communicate between island and 
island, the trains are run on to ferry steamers. 
Look out on the map Esbjerg on the west coast of 
Jutland, Aarhuus and fVedericia on the east, 
Nyborg on Fyen, Gjedser in the south of Falster, 
and Elsinore, or Helsingor, and Copenhagen 
on the Sound. Copenhagen (Kjobenhavn, 
mectning Merchants* Haven), the capital, is 
admirably situated for trade, at the entrance 
to the B^tic. Seen from the sea, its harbours 
crowded with shipping, and its spires outlined 
against the sky, it is extremely picturesque. 

The Feroee» or Sheep lelaode. Few of 
these are inhabit^. Fishing and the keeping of 
sheep and ponies are the chief occupations. 

Icelend. Iceland is a land of mountains, snow 
fields, volcanoes, geysers, long, hard winters, and 
short, light sdmmers. Sheep and ponies are 
fed, and the mm go to the Arctic fisheries. 
The fine scenery, including the active volcano 
of Hekla, attracts tourists in summer. The 
capital is Reykjavik, in the south-west. 

Continued 
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THE SCIENCE OF HEAT PHYSICS 
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By Dr. C. W. SALEEBY 


'T'HE epooh'inakixig developniMit of the 
* scietioes during the firet five years of thia 
century has rendered the task of the writer 
exceedingly difficult one, since previous exp^- 
enoe and custom can no longer afford any guide 
as to the proportions, and scarcely any as to the 
arrangement, of the various parts of his subject. 
Wh^mer in writing a text-book on physios, or 
in arranging a series of text-books on the various 
branches of the science, the same difficulty is 
encountered. The customary arrangement was 
simple enough ; matter was defined in half a 
dozen words, motion in a few more, dynamics 
and the properties of matter were dealt with, 
and then there remained heat, sound, light, and 
magnetism and electricity. But the new theory 
of matter, to which we have made various 
allusions, has profoundly altered our whole 
conception of the subject. It looks nowadays 
as if electricity had, potentially at least, swal- 
lowed the whole of the rest of our subject, and 
to relegate it to a final section of a course of 
physics would be absurd. Fortunately, that 
has not been necessary in the present instance. 
But the new theory of matter has thrown more 
and more stress upon our conception of energy, 
to which we have already referred, and has still 
further accentuated the importance of that con- 
ception of the conservation of energy which we 
have called the greatest fact of physics. 

Heat. In order fully to appreciate this 
stupendous truth, it is necessary first, however, 
that we turn our attention to the science of 
heat, the study of which was all-important in 
enabling physicists to found this great generali- 
sation. Our present purpose, then, is to discuss 
what is known of heat — a subject to which we 
have already been introduced in considering the 
kinetic theory of gases — thereafter to devote 
ourselves to the study of the conservation of 
energy, and then to proceed to consider sound 
and li^t. Finally, we propose, if possible, to 
consider the magnificent work of ^of. J. J. 
Thomsem, of Cambridge", and the new theory of 
matter of which he is the chief exponent. But 
whether we shall be able to do this depends 
upon the degree of completeness which that 
theory may attain within the course of two or 
three months after writing these words. 

Our Untruotworthy SeuMtious. By 
way of a preliminary to our study of heat, 
we must first of all rid ourselves of the ocmfusimi 
into which our own sensations lead ns. When 
we speak or think of heat, there is alwa 3 r 8 in- 
volve an idea derived from a group of sensa- 
tbiii with which we are all fa^iar ; and so 
first thing we must do is to dfrtinjguish 
betw e en what psychologists call the subjective 
and a^^e^ of emr study. Subjectively, 


we are familiar with sensations of heat and of 
cold, but directly we attempt to analyse the 
facts we observe that these sensations are in 
ourselves, and are due to external causes, which 
can be sharply distinguished from the sensations 
directly we rememW that the same external 
cause may appear hot to one hand and cold to 
another. This may easily be proved. If you 
hold one hand in very cold water for a few 
minutes, and the other at the same time in very 
hot water, and then plunge the two hands into a 
basin of lukewarm water, one and the same 
objective cause will excite a sense of heat in the 
one hand and of cold in the other. This simple 
experiment suffices to demonstrate that it will 
not do to mix up psychology and physics in our 
discussion of heat. The psychologist, of course, 
is immensely interested to discover that the 
lukewarm water appears warm to the cold hand 
and cold to the hot hand. This to him is an 
instance of the fact called the relativity of 
aenaations. But our present concern, as students 
of physics, is not witn the sensations at all, but 
wiwi the external objects or facts that cause 
them — that is to say, we are dealing with heat 
as an objective thing, and it would be all one to 
us if our bodily organisation was altered, so 
that, as might quite well be, heat were audible 
or visible. 

The PoKer and the Coat. But 

another trick which our sensations play us will 
servo to teach us an important fact. You pick 
up the poker on a cold morning, and it feels 
cold ; you transfer your hand to your coat and 
it feels warm. Yet both are probably at the 
same temperature. A suitable thermometer or 
heat measurer would contradict the opinion of 
your hand. The explanation lies in the fact 
that, as we shall see, different bodies vary widely 
in .their power of conducting heat. The wool of 
our coat is a bad conductor ; it removes little 
eat from your hand, and so does not give you 
an impression of cold. The mot>l poker, how- 
ever, which is at the same tempe^rature as your 
coat (or, indeed, being near the fire, may be 
hotter), has the physical property of conducting 
heat very well. So muen heat does it conduct 
away from your hand that the sensitive nerves 
appreciate tne loss, and you declare the poker to 
be cold. Thusour senses at least can give us some 
idea of what is meant by the conduction of heat. 

But now we dismiss the psychological aspect of 
the subject, and must conceive of heat as an 
external fact, the character of which is not in the 
smallest conceivable degree indicated by our 
B^isations. Aa we have hinted, it would need 
hut a small ohaime in our construction for music 
to feel hot or o<&, and for heat to be audible. 
What, then, is that external thing which causes 
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these sensations, bat to the nature of which none 
of our sensations can be regarded as a guide ? 
That is the most interesting question of all, 
and the answer to it has bMn hinted at in a 
preirious section, but we must postpone its 
full consideration until we have studied the 
observed facts of heat, and thereafter we shall 
be able to conceive of heat as a mode of motion, 
and to understand its relation to the law of the 
conservation of energy 
Temperature. iVe have already used 
the word temperature, and it is now time to 
define it. When one thing is hotter than another 
— that is to say, when it is really hotter, not 
when it merely feels hotter — ^we say that it is 
at a higher temperature, and we measure the 
difference of temperature by means of the 
thermometer. But when we say that one thing 
is hotter than another, can we translate the 
statement into other terms ? We will assume — 
as we have every right to assume — that heat is 
an external thing, or entity, to use a clumsy 
word, no matter what its nature may be. Now, 
are we not entitled to say that when one object 
is hotter than another, it contains more of that 
thing called heat ? This would appear to bo a 
reasonable interpretation of differences in tem- 
perature, but it is almost entirely erroneous. 
The temperature of a body is not a fact that 
depends upon the amount of heat that it con- 
tains, and can never bo used — i^xcept under 
conditions defined below — as an index or guide to 
the amount of heat in any body. What, then, 
is temperature ? We can l>est define it by 
observing its consequences. When one thing 
is liotter than another, the observed fact is, that 
the hotter body tends to communicate part of 
its In^at to the colder, so that the two tend to 
approximate to the same temperature. It does 
not at all follow tfiat there is more heat in the 
hotter body than in the colder. In the first 
place, the hotter body may be very small and 
contain little matter ; whereas the cold body 
may be very large and contain a quantity of 
matter ; as, for instance, when you dip your 
finger in the ocean. There is immeasurably 
more heat in the ocean than in your finger. 
Nevertheless, your finger is liotter, and so the 
heat flows from it into the surrounding water, 
as your sensations tell you. 

Measuring Heat. Tlio only way, then, in 
which to defifd^e temperature is to compare it 
to the idea of level in liquids. We know that, 
quite apart from the amount of water in 
question, if we join two vessels or reservoirs 
containing water, the one being at a higher 
level than the other, the water will oqrtainly 
flow from the higher to the lower. If they are 
at the same level, the water will flow in neither 
direction, though the difference in the amount 
of water in the two reservoirs may be as great 
as the difference in the amount d heat in the 
case of your finger and the ocean. Therefore, 
we must define temperature as that state of 
a body which determines its power to com- 
municate heat to or receive heat from another 
body. And the way to understand temperature 
is to compare it to levdi in the case of Uquids. 
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Amount of Hoat. But, of course, wa 
must not think that temperature has no relation 
to the amount of heat in a body. If we take a 
fixed quantity weight — ^that is to say, more 
strictly speaking, a fixed mass of a given sub- 
stance— then the temperature of that mass will 
be an index to the amount of beat it contains. 
The more heat we put into it, the hotter it will 
become. So far as differences in mass are 
concerned, it is evident that temperature and 
amount of heat do not vary together. There 
wiU plainly be more heat in a ton of lead at 
30® Cf. than in a pound of lead at 31° C. But the 
remarkable fact is that different kinds of matter 
vary profoundly in the amount of heat they 
contain while exhibiting the same temperature. 
If, for instance, we take equal masses of water 
and of mercury, starting with both at the 
same temperature, and proceed to raise them 
both to the same extent, say 10° C, we find 
that we actually require to put about 30 times 
more heat into the water than into the mercury. 
Yet at the end of the process they are both at 
the same temperature, both having started at 
the same temperature, and we are dealing with 
an equal quantity of matter in each case. The 
difference between the water and the mercury 
is expressed by the term specific heat^ and we 
shall afterwards have to consider it very care- 
fully. 

The Thermometer. The thermometer 
is an instniment which enables us to measure 
temperature, but we now understand that it 
does not enable us to measure amount of heat 
except by the comparison of the various tem- 
peratures of a given mass of a given substance. 
In the most familiar kind of thermometer, the 
temperature is measured by the expansion and 
contraction of mercury. This substance, like 
nearly all others, expands when it is heated 
and contracts when it is cooled. The mercury 
thermometer consists of a fine, hair-like tube 
with a bulb at one end, the bulb and part of the 
tube being filled with mercury. When the 
thermometer is made, the mercury is boiled 
in the tube so as to carry away all the air, and 
then the upper end of the tube is sealed. The 
smaller the tube, the more sensitive is the 
thermometer, the most sensitive kind of ther- 
mometer with which most people are familiar 
being the clinical thermometer. Now, in order 
to compare one temperature with another, it is 
necessary to have some sort of scale, and there 
are many such in existence. Here we 'may 
mention three, with the preliminary statement 
that they are all arbitrary and bad. Until 
quite recently the choice between them was 
merely one of convenience; but, as we shall 
afterwards see, they may now all be guper8ede<i« 
since we are in possession of a scale of tempera- 
ture which depends, not upon the arbitrary 
selection of any substance such as water or 
mercury, but utoo our understanding of the 
natural lowest limit of possible temperature. 
The most familiar and oldest scale is tliat 
invented by Fahrenheit (1686-1736). He did 
his best to obtain the lowest temperature 
possible, which was that of a mixture of pounded 



U» and salt. He oidled this temperature 0”, 
and the temperature of water boiUng at 
ordinary pressure 212^, the freesing point of 
water on this scale being 32^. Fahrenheit 
rendered great sennoes to physios, and honour 
is due to his memory, but at the present 
day his scale can claim no 
adyantages whatever, in spite of 
tile fact that it is still constantly 
used in this country, though 
abandoned elsewhere. 

The Centigrade scale, which 
has many advantages over that 
of Fahrenheit, is so named 
because the interval between 
the freezing point and the boiling 
point of water is divided into a 
hundred degrees. According to 
this scale, the zero is the freezing 
point of water and 100 is its 
lx)iling point. This scale is 
not very much younger than 
Fahrenheit’s, and is now uni- 
versally used in science, and 

for all other- purposes as well, in 
France and many other countries. 

It may be adapted, as we shall 
see, for the purposes of the abaoluie scale of 
temperature, which has superseded all the 

others in modem scientific inquiry. 

The Reaumur scale, invent^ by Reaumur 
(1683-1757), has been largely used in 

Germany. It agrees with the C’entigrade in 
that its zero is the freezing point of water, 
but the interval between this and the boiling 
point of water is divided into eighty degrees 
instead of one hundred. 

Conversion of the Scales. Until 

the Fahrenheit and Reaumur scales go 
completely out of use, as they sooner or later 
certainly must, it is occasionally necessary 
for convenience to convert a figure of one 
scale into the corresponding figure of another. 
This, of course, is a mere matter of arith- 
metic, no physical truth being involved, and 
so we need give the methods only very briefly. 

In the first place, notice that 6° Centigrade is 
the equivalent of 9° Fahrenheit, while either of 
these is equivalent to 4° Reaumur. Supposing 


require to convert degrees Centigrade into the 
Fanrenheit scale, it is nooessa^ to multiply by 
nine, divide by five, and add & to the result ; 
while if one is converting degrees Reaumur, 
the process is exactly the same, except, of course, 
that one divides by four instead of five. But 
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surely any reader could infer the netu'ssary 
means of these conversions, once he had given 
him the facts of the equivalence of 5”, 4'’, and 
9° on the Centigrade, Reaumur, and Fahrenheit 
scales, and the fact that the Fahrenheit 32 is 
equivalent to the zero on the other two. 

For convenience of reference we append 
a table prepared by Messrs. Negretti and 
Zambra showing the Fahrenheit equivalents 
of the Centigrade scale from Fahrenheit zero 
to the boiling point of water. 

Maximum and Minimum Thermo- 
meters. vSo far as the thermometer is 
conoemed, the particular scale that is used 
is of small importance. But sometimes it 
is of convenience to have some arrangement 
by which the highest or lowest points of 
temperature recorded may be indicated in 
such a way that anyone coming afterwards 
may see what they were. For instance, 
a small index of iron or glass may be placed 
inside the thermometer, so that it is pushed 



MAXIMUM AND MINIMUM THEBMOMETSB6 

A. Maximum Index 

B. Index 


METEB 


one desires to convert a Fahr^iheit statement 
into a Centigrade, it is necessary, first of all, 
to deduct 32, then to multiply the result 
five, and then divide by nine. In order to con- 
vert it into demes RMumur, it is similarly 
neoessai^ and ror equally obvious reasons, to 
deduct 32, the result being multiplied by four 
(instead of five as in the last case) and 
divided by nine. On the contrary, d one 


up by the advancing r, /v is left 

behind when the m^ 11 ^ ' the index 

be made of iron iv ’ ) 4^55^ 'U again 

by means of a small mo^et. ^^niraum 
thermometer is filled with alcoh^.% Atead of 
mercury, and as the alcohol falls it pulls the 
index down with it in virtue of surface tension. 
THEBMO- temperature rises the alcohol flows 

* past the index. If two such thermometers be 
mounted on one board, we can see at a moment 
what were the limits of the variation of tempera- 
ture. Another form ' of the maximum ther- 
mometer is the clinical thermometer, to which 
we have al|«ady referred. It contains no 
index, but at one point the tube is very much 
constricted^ so* that, when the thermometer is 
removed fiom the patient, the cohesion of the 
mercury is not enotig^ to keep it together at 
this point ; heoice, the column of mercury, 
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breaks, and the highest point recorded by ihe 
mercury is retain^ In order to obtain a 
fresh reading, it is, of course, neoeesary to re> 
establish the continuity of the ipercury, and this 

CUMICAL IHSBMOMETER 

may be done W jerking the thermometer so that 
part of the oroken column flows past the 
narrowed place and rejoins the rest. 

A Xtetter I'hermometer. Now, it is , 
an easy matter to a^^ree on a scale of tempera- 
ture and to mark its divisions upon the glass 
tube, but how are we to be certain that the 
mercury, or, indeed, any other liquid that may 
bo employed, such as alcohol, expands in a 
regular fashion T Provided that it does so, equal 
elongations of the column will certainly indicate 
equid differences of temperature. But when 
we come to look into the matter we And that 
liquids do not follow this simple rule, and so 
none of our ordinary thermometers can bo 
regarded as absolutely accurate. If, however, 
instead of taking a liquid we take a gas, we find 
not only that any gas expands regularly in pro- 
portion to temperature, but also that the various 
gases agree with one another in this respect and 
can safely be compared. Hence wo have the air 
thermometer, which depends upon the fact that 
the volume of a given quantity of gas increases 
uniformly as the temperature rises, provided 
the pressure be constant, in accordance with 
Boyle’s law. This is true of gases, liquids, and 
solids. But gases are much more satisfactory 
to study, because not only is their expansion 
much more marked, but they expand with 
absolute regularity, and the ratio of expansion 
is almost the same in the case of all gases. The 
law of the expansion of gases is known by various 
names which do not matter, but it is of the 
utmost importance. The volume of a gas 
increases for each degree of rise in temperature 
by a constant fraction of its volume at freezing 
point, this fraction being for the Centigrade 
degree (it is assumed, of course, that the pressure 
remains constant). 

The Absolute Air Thermometer. 

Now, insteaVtiQ^i Impending space upon tha 

ordinary air tS^mperatuj^’ 

to what is oalV^ cibmltUe air thermometer. 

It consists of a long glass tube closed at one 
end and containing a long column of air which is 
closed by a drop of mercury. This behaves as 
any air thermometer would do, the expansion 


and con^action of the air in the tube ohanjraig 
the position of the drop of mercury. Thia 
thermometer is graduated cm the absolute scale, 
in correspondence with the law already quoted. 
The freezix^ point of water, instead of being 
called 0** as it is in the Centigrade scale, is marked 
273° 0. absolute, and the boiling point, instead 
of being marked 100, is marked 373° C. absolute. 
Its Eero is the absolute zero [see below] — that 
is to say, while we retain the size of the Centi- 
grade degree, we alter the names in accordance 
with the theo^ that the fraction is of real 
signiBcance. If, now, we consider the case of 
the air in this thermometer, we are able to lay 
down the proposition that, the pressure being 
constant, its volume is proportional to its 
absolute temperature. In other words, the 
volume of any gas at constant pressure varies as 
its absolute temperature. If we combine thia 
law, sometimes called Gay-Lussac’s law and some- 
times Charles's law, with Boyle’s law, we reach 
the following law, true of all gases except in 
the neighbourhood of the temperature at which 
they tend to liquefy : The 'product of the volume 
and pressure of any gas is proportional to its abso^ 
lute temperature. 

The Absolute Scale. As was hinted in 
a previous section, the absolute scale of tem- 
perature assumes that heat is a definite some- 
thing of which there may be more or less in a 
body, and which may bo abstracted from a 
body until we ultimately reach a point when 
there is no more heat left. Such a body would 
be absolutely cold and its temperature would be 
the absolute zero. No such temperature has 
yet been attained, and it is very doubtful 
whether it can be attained by any possible 
device ; but Sir James Dewar has been probably 
within seven or eight degrees of it. Now, it is 
plain that if our idea of heat is correct, there 
must be an absolute zero. The question is 
whether we have any indication to guide us 
to the point where this absolute zero is to be 
found. This point was determined by Tx)rd 
Kelvin, to whom we owe the scale of absolute 
temperature, in 1848, and was reached by 
means of thermodynamic considerations, a term 
which we shall soon explain. But the reader 
will have already perceived that the point named 
— that is to say, -273° C. (on the ordinary 
scale) — is the point suggested by the law of the 
expansion of a gas. When we come to consider 
thermodynamics, we shall return to this sub- 
ject. Meanwhile, we must go on to consider 
the expansion that beat causes in bodies other 
than gases. 


ConUnuod 
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By A. J. WINDUS 


INtpeAkmgofJ. Wake’s aooeptanoo, £20 10s. 6d., 
^ we have already said that had it been dis< 
counted in Glasgow, probably the net amount 


of £20 7 b. 6d. only would have appeared in 
Bevan & Kirk's cash book for credit to Wake’s 
account, and it was recommended that the 38. 
discount should be journalised This affords a 
fitting opportunity for drawing a distinction 
between two terms largely used in bookkeeping 
— vi*., tranmction and transfer. 

What We may L#earn from Physics 
and Sociolo^. Accounting, as a science, 
is a humble relation of the more exalted science 
of Sociology, which treats of the nature and 
development of society and civilisation, and, so 
far as it affects these, of commerce Now, 
Sociology teaches that man’s activity in the 
material world is confined to changing the places 
of things. Nature, co-operating with man, 
accomplishes marvellous chemical and other 
changes ; but all that man himself can do is to 
marshal the various elements and forces which, 
acting and reacting on each other, will produce 
the desired results. Thus, the fire in a locomo- 
tive transforms the water in the boiler into 
steam, which furnishes the motive power. 
Nature made the steam, but man helped her by 
bringing the fire and the water into right 
relations. 

Another Illustration. Take a second 
illustration. A golden sovereign is the outcome 
of transpoHing the precious metal from the mine 
to the mint, where 
the gold is fused with 
a definite ^^portion 
of base metal or 
alloy, and thus ac- 
quires the right de- 
gree of hardness. 

Omitting inter- T O. r 

mediate steps, the o o 

blended metal is pre- 
sently devoured by 
wonderful machines 
of great strength and 
delicacy of construc- 
tion. circular coin now receives a milled 

edge, so that hereafter, if clipped, it will ba able 
to its own story of mutilation. Further- 
more, upon the obveiee of the coin-is impressed 
the proSe of tibe reigning monarch, and a second 
design on the Teverse. Finally, it is a^t to the 


expect Nature to harden his gold unless ho 
will observe the conditions on which she will 
perform the task. He must collect the 
precious metal and the base from different 
sources, and bring them to a place where, 
under the compelling influence of great heat, 
they will coalesce. So it is throughout the 
whole physical realm. If by sawing through 
a board we get two boards and some sawdust, 
it is because the .shortened boards and the 
w'aste product do not now occupy the same 
position with respect to each other which 
they did before. We have changed their 
places. 

Nature of a Transaction. From this 
sociological law we may draw on analogy 
which should enable us to sec the difference 
between a transaction and a transfer. In eourst^ 
of business, the ownership of a thing may be 
changed, even though the thing itself is still 
on the premises of the original proprietors. 
Sometimes, indeed, an entire business “ changes 
hands,’* yet the fixtures, fittings, stock-in-trade, 
and other property remain whore they were. 
Nevertheless, they have changed their places, 
for they have passed out of the possession of 
their former, and into the possession of their new 
owners. Whenever a change? of ownership is 
agreed to, tliero is a transaction. We may 
say then that transactions affect, the ex* 
temal relations of persons 
and property, and it goes 


Bmuk of Englaiid,.which puts it into circulation. 
But, in reality, man, in all these operatiops, has 
no thing except change the f^aoes of certain 
tkingw from time to time. It is man’s glory 
that he can harness the fmroes of Nature, but he 
must ob^ before he can command. He cannot 


without saying that 
external changes 
ought to be faith- 
fully reflected in the 
boolu of account. 

But, as in Sociology, 

80 in Accounting ; 
we have not to 

reckon with extenud movements simply, but 
with internal changes as well. In other words, 
there are not only transactions, but also transfers 
to be considered. 
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Transfers. Internal ohan^ may arise 
from natural oansee, aa depreciation and bad 
debts, which must be written off ; from artificial 
causes, as clerical errors, which must be reme> 
died ; from the opening of temporaiy accounts 
whose destiny is to bo swallowed up in more 
important accounts, and from other causes. 
Now, the bookkeeping operations whereby due 
effect is given to internal changes are known as 
transfers. 

Example of a Transfer. Lot us take 
an easy example of a transfer. A sold goods on 
credit to the B Company, Limited, for £40. 
Accordingly, an account was opened in the sales 
ledger with the B Co., Ltd. snowing a debit of 
£40 for goods supplied. A learns some time 
afterwards that the company has gone into 
liquidation, and that there are no assets available 
for the trade creditors (of whom he is one) in 
consequence of the receiver for the debenture 
holders having seized the whole of the company's 
property. A regards the debt as hopelessly bad, 
and passes a transfer [see preceding page] 
through his journal. 

As soon as the credit item of £40 is posted to 
the B Co.’s account, it will have the effect of 


to the fundamental and universal law of double 
entry, that for every debit there must be a 
corresponding credit. This is seen in the opera- 
tive part of me journal entry uiiereby bad debt 
account is debit^ with £40 and the B Co., Ltd., 
are credited with a like amount. 

An Internal Change. Lastly, the 
transfer denotes an internal change. Hitherto 
A has rested in the belief that his right to receive 
£40 from the B. Co., Ltd., constituted a species 
of property to be included among his assets under 
the heading of Debts Receivable or Debtors. 
But A now Teams that the company’s obligation 
towards himself cannot be fulfilled, and that 
consequently his right against the company is 
worthless. What was an asset has been trans- 
muted into a loss, and there is nothing for it 
but to recognise the change. As matters stand, 
it is idle mockery to say that the B Co. is 
indebted to A in the sum of £40. It would be 
far better to relieve the company’s account of 
further responsibility, and to cast the burden of 
the loss upon bad debt account. This is effected 
by means of the journal entry before us, and when 
the credit has been posted, the B Co.’s account 
in A’s ledger will be closed off thus : 






To 


hO 


Ait,. 

CL*hjC tAjtnJtXb 


uo\ 


nullifying the debit of £40, and the account will 
be balanced. It would, however, very diffi- 
cult to justify the closing of the company's 
account in this manner by a reference to any, 
or to all, of the six secondary rules of double 
entry given in Port IV. We readilv agree that 
bad debt account may be debited by virtue of 
rule (r) ; but the rule directing us to credit the 
account of the B Co., Ltd., is lat’king, and must 
bo sought in the nature of transfers themselves. 

Narrative Transfer Entry. Let us 
look a^in at our transfer entry. In common 
with omer journal entries, it is divisible into two 
parts, the ffrst part operative, the second 
declaratory. The latter is frequently styled the 
narrative. Its business is to state or declare 
the reason for making the entry, hence it is also 
called the “authority” for the entry. Wlien we 
reach the subject of audit we shall find that 
auditors regard these journal narratives in the 
light of vouchers. Where they are not in them- 
smves sufficient to enable the auditors to pass 
the journal entries as correct, they must at least 
furnish ample clues or references to authenritative 
sources of information. Judged by this standard, 
we should have to amend the narrative before us 
by the addition of the date of the letter received 
from the liquidator. 

A Cremt for every Debit, In the 

next place we observe that our transfer conforms 

1568 


Function of Transfers. What, then, 
is the distinguishing feature of transfers ? 
Simply this — they mediate betw'een the various 
ledger accounts. Is £10 wrongly posted by being 
debited to Perry’s account instead of to Sam- 
son’s ? Let us make a transfer through the 
journal : ^ 

Samson . . Dr. £10 Os. Od. 

To Perry £10 Os. Od. 

post the items to the ledger, and thus retrieve 
the error. From this example and the former 
it will be seen that one result achieved by trans- 
fers is the bringing of the figures in the ledger 
into harmony vinth ascertained facts. Other 
results, such as the consolidation of accounts, will 
be noticed in due course. We repeat that, 
by means of transfers, the ledger accounts are 
adjusted as between themselves, and in accord- 
ance with the facts from time to time revealed. 

How to Transfer. In making a trans- 
fer, the all-important question is this : To 
which account must the item or balance be 
carried which now occupies a false or transient 
position in the ledger ? Consider what is the 
end to be attained — namely, the carrying of the 
item or balance from a worse to a better place 
in the ledger. Remember also that the identity 
of the item is noc affected by the process. If at 
first it was a debit of £10 wrongly posted to 
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Perry’s account, it will remain a debit of £10 
when carried to Samson’s account, where it 
properly belongs. Again, the £40 debit to the 
B Co., Ltd., when transferred to bad debt 
account, is still a debit, and will never he any- 
thing else. 

But to say that we may charge £40 to bad 
debt account, having alre^idy charged it to the 
B Co., Ltd., is equivalent to saying that we may 
now discharge the B Company's account by 
£40, since there must be a credit for every debit, 
and the only object of the transfer is to neutralise 
the original debit to the personal account. The 
same reasoning applies to the accounts of Samson 
and Perry. 

If we burden any account with an amount 
originally borne by some other, we have a right 
to relieve the old account to the extent of the 
burden imposed upon the new. Similarly, when 
we improve or credit an account (A) at the 
expense of another (A A), we must take care 
that to A A is posted a debit equal in value 
to the credit posted to A. 

Rule for Traoefera. To transfer items 
or balances originally debit, credit the old account 
and debit the new. 

To transfer items or balances originally credit, 
debit the old account and credit the new'. 

Having found room for the above in our list 
of rules for journalising, we may now regard 
that list as closed. The seven laws contained 
therein are the very essence of bookk(*eping, 
hence the imfwrtance of learning to interpret 
and apply them. Six of these laws jsee Part 
IV.] govern the recording of transactions. The 
remaining law relate.s to transfers, and may be 
consulted with advantage whenever internal 
change.^ and not actual transactions are to be 
registered in the books of account. 

Adjustment by Transfer. Let us 
turn back for a moment to re-examine in 
the light of these remarks the supposed 
incidtmt connected with Mr. Wake’s acceptance, 
£20 lOs. (kl. We will assume that Bevan & 
Kirk, having negotiated the acceptance w'ith a 
bank in Glasgows treated tlie proceeds — 
£20 78. 6d. — as cash received from Wake, and 
merely entered that amount on the left-hand 
side of the cash book to credit of his account. 
The amount of Wake’s debt was £20 lOs. 6d., 
so that directly after his account has been 
credited with cash £20 Ts. 6d., it will show a 
debit balance of 3 b. 


bank credited them with £20 Ts. (id. in account 
current, but Bevan & Kirk have received in 
addition the benefit (valued at 3s.) of prompt 
payment. To right matters, w'e must journalise 
the discount transaction as under : 

Discount . . Ih . £0 3h. Od. 

To J. Wake £0 3s. Od, 

Acceptance £20 10s. Od. di.scounted. 

But it may be objected that IMr. Wak(» 
did not pay any money, but merely remitti^d 
a wTitten promise tn pay at a “ determ\nabl(» 
future time.” Why, then, should his a(‘count 
be credited by cash ? Now that is a ptufcctly 
valid objection. In order to meet it fully and 
fairl3% w'c shall a little later on introduce a few 
transactions for the purpose of studying the 
rival methods in vogue among l)ookkee})ers of re- 
cording the incidents peculiar to bills receivable 
and payable. 

Given the same set of facts, two accountants 
will often differ in their treatment of them in 
the lMX)ks of account, and yet they may l)oth 
Ik* right. So it is with Wake’s acceptance. 
Although there is another way of dealing with 
it still to b(' explained, yet we should not lose 
sight of the fact that the bankers havts paid on 
Wake’s behalf the debt to which it- relates. 
Therefore, it is quite logical to credit Wake’s 
account by the amount of cash allowed by 
the bonk. 

Petty Cash Payments and Partners* 
Drawings. Of the series shown in Part VI., 
the transactions lettered (o) to (//) must 
now be dealt with. 

Tmnsaction (o), 8opt. 27th. Paid from petty (^ash 
cost of advertisement for town traveller, 3 h. ; 
and for brown paper. Is. 9d. 

As both payments were made on the same 
daU*, we are at lilxTtv, if we so desire, to enter 
the details on one lino in the “ Particulars ” 
column of th(5 petty cash book, placing the total 
of 4s. 9d. in the “Paid” column [see Part III.]. 
Transaction (p), Sept. 27th. Mr. Bevan drew 
£5 and Mr. Kirk £3 on private account. 

There are, of course, two distinct transactions 
here. It would have been better if the word 
“cheque” had been inserted before the amounts 
(Mr. Ikivan drew cheque, £5, Mr. Kirk cheque, 
£3), bec'ause as the narrative now reads, we can 
only infer that cheques were drawn. ’Fho 
circumstances justify the inference. We know 
that the practice of the firm is to lodge daily 
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But the balance is a fictitious one, because 
Bevan & Kirk have obtained full satisfaction of 
their claim against Wake. Not only has the 
It 


at the bank all moneys received from outside 
sources. We Teel sure that no money has been 
retained out of which Messrs. Bevan and Kirk 
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could pav themselves £8 or any other sum, 
because tl^t would be contrary to rule. Neither 
is the required amount obtainable from petty 
cash, because when Mr. Bevan borrowed £7 
from potty cash on September 23rd, giving an 
1 0 U in exchange, he reduced the actual 
cash in hand to loss than £2, and the supply 
has not yet been replenished. We may there- 
fore conclude that cheques were drawn for £5 
and £3 respectively. 

Ambiguities. Examiners in bookkeeping 
sometimes fall into error of the sort described 
above. Whe.i the meaning of a question 
is obscure or ambiguous it is generally because 
the words which . would illuminate or limit 
the sense are lacking. Where the wording of a 
problem can be const rucsi in two or throe ways 
the candidate should base the solution on what 
seems to him or to her the true meaning, calling 
attention by a short footnote to the fact that the 
question is capable of different interpretations, 
at the same time naming them, and giving 
reasons for selecting one of them. 

Assuming that on September 27th a cheque 
for £5 was drawn by Mr. Bevan on private or 
draunng account, we enter the amount under 
its right daU-^ on the payment side of the bank 
cash book. Bank cash account is credited because 
cash goes out from the bank, and in due course the 
corresptmding debit will posted to a<^count 
of Mr. lievan because he has received the cash. 
A similar entry is made in respect of the sum 
of £3 drawn by Mr. Kirk. 

** Short ** Entry in BanR Cash BooK.. 
On referring to the bank cash book in Part VI., 
it will Ik? sewn that these t wo amounts (£5 and £3) 
are entered “ short,” by which is meant short of 
the outor column, being extended into the 
outer column in total only. Tliis is not an 
essential feature of the cash book, but the device 
is useful in cases where the amount of a single 
cheque is spread over two or more accounts. 
InsU^id of drawing two cheques the partners 
might have saved a penny by drawling and 
cashing one cheque, value £8, the proceeds 
to bt^ divided among themselves in such manner 
that Mr. Bevan receives £5 and Mr. Kirk £3. 
As before, the total (£8) would appear in the 
outer column, w'liile the items making up such 
total would go in the inner column — particulars 
thereof being written in the space provided. 

“ Short ’* Payment. Many readers know 
that the word ” short ” is not only used in a 
ttH^hnical sense by bookkeepers, but has also a 
peculiar meaning for bank tellers. Cheques 
are often presented at the bank counter w’itn a 
reauest for “ short ” ^yment. The paying 
teller understands by this that the payee wants 
his money in the smallest possible bulk. A 
£10 note will suit the purpose better than two 
£5 notes, a half sovereign is to be preferred 
to ten silver shillings, ana so on. An uncrossed 
or “ open ” cheque for, say, £55 128. 6d. is 
presented for payment. The teller puts the 
usual inquiry : How will you have it ? ” 

And receives the reply : ” Short.” He there- 
upon pays <nit : 
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1 Bank of Ekigland note for . . 50 0 0 
1 ditto. . . 6 0 0 

1 Half-sovereign . . 10 0 

1 Half-cj*own . . . . . . 2 6 

Total .. £55 12 6 

** Short ** Bills of Exchange, But 

this most convenient term has yet another 
technical signification. In the money market 
bills of exchange are spoken of as ”long” or 
short,” and the latter include all bills which 
have up to ten days to run. 

Acquirement of Commercial Terms. 
Here we may remark that the one sure method 
of acquiring a deep and wide knowledge of busi- 
ness expressions is to act on the principle of 
never allowing an unfamiliar term or phrase 
to escape until it has yielded up its secret. 
The special language of commerce comprises 
an astonishing number of technical words and 
phrar.es, and the ideal business dictionary has 
yet to be written. Some day, perhaps, there 
will arise a lexicographer of commerce, who will 
devote an adequate mercantile experience and 
reputation conjoined to literary ability and two 
or three years of leisure to the task of producing 
a standard work of reference in this department 
of human activity. 

Consulting Authorities. This does not 
mean that dictionaries are “taboo,” but the 
reverse. “In the multitude of counsellors there 
is safety,” and whoso is wise will compare all the 
authorities to which he can obtain access before 
accepting as final the first explanation that 
may cross his path of a business term which 
is new to him. Frequently, when a strange 
expression occurs, a diligent study of the con- 
text will prepare the reader for the interpretation 
placed upon it in Pitman’s “ Business Terms 
and Phrases,” and other works of reference. 
Very often, too, one’s fellow-clerks prove kind 
and safe guides in matters of this sort, and their 
aid is not to be despised. 

Key-words. Nor is it a bad plan when 
faced with an unfamiliar expression to try and 
get hold of the key-word. For instance, all 
certificates certify to something, and so a share 
certificate would certify that the holder w^as 
possessed of a share or shares in a certain 
concern. The key- word “ nominal ” means 
in name only^ consequently, nominal accoimt 
would signify on account in name only as 
distinguished from a real account or a personal 
account. Nominal capital of a company would 
mean the named but not necessarily the actual 
capital and so on. So much, then, for the 
special language of commerce of which it may be 
affirmed that an extensive acquaintance there- 
with is indispensable to all who aspire to hi^ 
station in business life. 

We pass to the next tnuisaction : 
Transaction (q), Sept. 28th. J. ]&*uce paid 
cheque, £11 4s. 8d., less discount @ 3| pei 
cent, for cash, Ss. 

This is a similar transaction in all reemects to 
(h)j which has been dkoussed and to which the 
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Student is asked to refer. Notice, however, 
that the wording is altered. In (A) it was “ Itt*- 
ceivod from Messrs. Brown & Co. . . ; 

here it is “ J. Bruce paid . . In lH>lh 

cases Be van and Kirk are the receivers — tliat is, 
cash comes in, and their customers are the givers. 
[See also Bank Cash Book, page 779.] 

Another point to be observed is that in (//) 
the actual amount of the cheque w’as given, 
but in the present transaction it has to be 
calculated from information supplied. If 
the cheque was for £11 48. 8d. less discount 
8s. TkI., that is merely another w^ay of 
saying that the cheque is worth £10 16s. 3d. 
only, and therefore we must enter as cash 
the reduced amount only. Tlic 8s, 5d. 
discount will appear on a lino therewith in 
the discount column, and the two amounts 
together will e(|ual £11 4s. Sd. Careful 
study of the different modes of stating 
Ixiokkeeping transactions and problems 
will be well repaid, and in the day of trial 
m^ enable candidates to baffle examiners. 

Discount Calculations. One more 
point in this transaction remains to be con- 
sidered— namely, the discount rate, which 
looks more awkward than it really is. 3} 
per cent. - 15 per cent, divided by 4 ; 15 per 
cent. :-3s. in the £, therefore, 3J per cent. - 
9d. in the £. In like manner 6 per cent. ~ 

5 per cent, plus | of 5 per cent. ; and 5 
per cent, ccpials Is. in the £. Having ascer- 
tained how much 5 per cent, of the given 
sum is, add to the quotient I of itself, and 
the result w ill represent 6 per cent, on the 
original amount, Tlie student should be on the 
alert to discover quick methods in calculations. 
The fact that 5 per cent, is Is. in the £ will itself 
give him material assistance. It is easy to see that 
the 3} above referred to is 2^ percent, plus 1 J per 
cent. ; in other words, Od. plus 3d. = 9d. in the £. 

Transaction (r) requires more tlijught than 
we might at first be inclined to bestow upon it. 

Item of Rent. September 29th. One 
quarter's rent of business premises, £37 10s., 
paid by cheque. 

To begin with, it is apparent that the bank 
must be credited, because cash is drawn there- 
from. We shall deal with this aspect of the 
case at once and say that therefore the item of 
£37 lOs. Od. must be entered on the payment or 
credit side of the bank cash book, under date 
of September 29th. But having credited bank 
accoimt we ought to debit some other account. 
V^ich ? The seven laws of bookkeeping must 
pondered if the student is unable to answer 
the question off-hand ; but in the meantime 
we will go on to the next transaction, reverting 
to (r) at a fitting opportunity. 

Payment of Commission. Transac- 
tion («), September 30th. Received of Jones 

6 Co. cheque for £29 88 2d., in payment of 
commission £27 6s. Od, and expenses £2 28, 2d., 
to June 30th, 1905. 

In all probability, the remittance has been 
preceded by a “ commission sheet ” from 
Jones & Co. This consists of a tabular statement 
of orders received trom Bevan & Kirk’s agency 


during a given i>eriod. In the majority of 
cases, such statements are rendered quarterly 
or half yearly, and, as a rule, settlements are 
made moit** promptly than in the example 
before us. We may 8up|)ose the pix^sent delay 
to have resulted from the correspondence and 
inquiries following upon a dispute as to tlio 
correctness of the statement, which would be 
drawTi out in the form given on the next page. 


There is not space to ro[)roduee the statement 
in all its details. Nor is this necessary, since 
every reader may, by the exercise of a little 
imagination, till up the gaps for himself. 
A glance at the sectional totals leads us 
to Iwlicve that the invoices which are subject 
to 2J j)er cent, cominission are the most 
numerous, while thob(i which are subject to 
5 per cent, are few and far between. 

The statement covers a period of six months. 
Assuming that there were, on an average, thi’ce 
invoices per week in the first section, six or 
seven invoices per quarter in the second section, 
and only seven invoices for the whole period 
in the last or five per cent, section, this would 
mean about 100 entries in all. Imaginary 
entries being duly made and the invoice amounts 
extended into their respective columns by the 
student, the money totals should now be 
ascertained. Thc«(i will almost certainly differ 
from the given totals of £754 15s. Od., 
£143 lOs., and £90 2s. ,3d. respectively, 

and must be brought into harmony therewith 
by alteration of one or more of the invoice 
amounts. 

There are other filatures of the commission 
sheet which will be noticed at a more convenient 
time, but with regard to Transaction (s) the 
proper cash book entry will be found in Part 
VI., at page 779. 

Invoice for Goods. Transaction (tl 
Septemljer 30th, Invoice No. 850, passed for 
goods received from Ord & Mackay, ISs. 3d. 
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A similar transaction (c) was fully dealt 
with in Part VTI, page 977. 

Returns Inwards, Transaction (a), 
September 30th. Goods returned by Aird Bros, 
(wrong pattern), £3 7b. 4d. 

Now, goods purchased by Bevan & Kirk and 
returned for any cause are called “ Returns 


attain undue proportions. Usually, when a 
customer refuel to take delivery of goods 
ordered he has a valid reason for so doing, 
in that his order has not been properly 
executed. The ratio of returns to sal€« is, 
therefore, not an unfair test of the fidelity with 
which the instructaouB of customers have been 


JONES & COMPANY, 
Stab Facioby, Bbadfobd. 


To Messrs. lir.vAN & Kirk, 

500, Wood Street, London, E.C. 
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Outwards.’' On the other hand, goods add by 
Bevan & Kirk, and returned by their customers, 
are called “Returns Inwards.” At least, that 
is the bookkeeper’s name for them ; but in 
the departments of some wholesale houses 
it is the fashion to refer to them, somewhat 
contemptuously, as “Cold pig!” It is a bad 
sign in any business when the returns inwards 


adhered to. In the case before us the goods 
were returned because the pattern did not agree 
with the one selected by the customer. There 
is nothing for it but to give credit to Messrs. 
Aiid Bros, for the price of the returned goods, 
^ia may be done by means of an entry made 
in the Returns Inwards Journal [see preceding 
page]. 


Continued 
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UTILISATION OF RUNNING WATER 

Croup 12 

MECHANICAL 

ENGINEERING 

Waterflow and Discharge. Measuring Velocity of Flowing 

11 

Water. Effect of Friction upon Velocity and Discharge. Weirs 

loiiUotii'il houi 1 . 


By JOSEPH G. HORNER 


Harnessins Water Power. The engineer 
of the future will probably express astonish- 
ment at the colossal waste of watei power 
in our days. Niagara, which “ inspired us 
and our ancestry with reverential awe, may 
appeal to our descendants as only a vast electric 
generating station,” says l^ofessor Ayrton. 
Thundering over these falls, 9,(KK),000 h.p. 
rurs to waste ; over the Zambesi Falls some 
35,l)00,00() h.p. is lost ; while in Europe — 
Sweden, France, Italy, Germany, and other 
more or less mountainous countries — the 
water power utilised, compared with that 
availaVile, is but as a drop in the ocean. But 
^vith the completion of works now in progress, 
about 700,000 h.p. will be wrested from 
Niagara; a project is on foot to carry the 
wisted power of the mighty Zambesi to the 
mines of the Rand, 600 miles away ; and even 
the Japanese have schemes in hand for thi* 
utilisation of the power of the rivers Katsura 
and Sagami. The subject of hydraulics, then, 
as far as it deals with the wresting of powei- 
from water in motion, is one full of romance. 
Underlying practical applications, howev(*r, 
we have to consider many important laws and 
tlu'or. ms, dealing with the flow of water through 
orifices and pipes, along wabu'courses, and over 
weirs. And here the subject bristU s with mathe- 
matics of the most advanced kind. A little 
knowledge of algebra will, however, be sufficient 
to enable the student to follow the succeeding 
paragraphs. 

Discharge through Orifices. On page. 
1076 it was stated that the pressure of a 
liquid against a surface acts always perpendi- 
cularly to that surface. So that in 163, if a 
hole were made in the side of the vessel at A, 
the contained liquid would issue therefrom at 
right angles, the parabolic curve which it forms 
being due to the action of gravity on the 
particles of the liquid after leaving the orifice. 
The height, BA, of the surface of water above the 
centre of the oriffee is termed the head, and it is 
self-evident that increas ' of head means increase 
of pressure at the orihee, and consequent increase 
in the discharge. Now, whenever a liquid is 
diticharged from an opening in a thin plate, as 
in the illustration, the issuing stream becomes 
contracted just outside the orifice, forming at 
this point what is known as the vena contracta, 
or contracted vein. Its position, indicat'd by the 
arrow, lies always at a distance from the opening 
equal to half the diameter of the orifice, and its 
area is *64 times (approximately J) that of the 
orifice. Hence the quantity *64 is termed the 
coefficient of contraction. So much for the form 
of the issuing jet. Now we have to consider its 
velocity and quantity. Theoretically, the velocity 


witli w'hich the water would be diseliargcd 
at A is equal to the velocity of a body falling, 
under the infiuenee of gravity, from B to A — 
that is. through a distance equal to the head, 
H, of the water — and this velocity is shown by 
the familiar formula, V' where 

velocity in feet piu* second, ij the acceleration 
due to gravity, or and H the head. 

By subslituting tlu' value of (j. the formula may 
lie simplilied : 

V=^/2 x 32^‘l< H i ^ ll~~ 8 03 x ^ 


The thcoretiml velocity may tluis be found with 
sufficient accuracy by multiplying the square 
root of the head of (lepth of water by 8. Con- 
versely, the theoretical head ni'cessary for a given 
velocity is got by putting H on the left-hand 
side of the eijualion : 


V V- 

or 


Friction Lessens Velocity. As the 

italics in the precluding lines suggest, a jid 
of water issuing 

* [• V from an orifice 

• I does not^ possess 

^ ^ velocity wliiiih 

theory is jircpan^d 
to giv(^ it. Why 
IS this ? Ah soon 
as the particle's of 
163. FLOW OF VVATEK watcT in the in- 
THRouoii ORIFK’E toi'ior of a vessel 

approach the oii- 
ficc they converge as indicated in 163. 
This convergence and the siibsequent con- 

traction, which rirachcs its limit in the vena 
contracta, give rise to lionsidcrablc friction 
between the particles, and so neither tlie actual 
velocity nor discharge equals thi? theoretical 
total. H(?nce the value of V in the above 
equations has to be diminished by multiplying it 
by certain decimal ((uantities (coefiicients of 
discharge), according to the shajie of the 
orifice. In discharges through a hole in a 
thin plate, as in the diagram [163], the 
coefficient of velocity is ‘97, so that the 
corrected equation Ix^comes 

V - 8 X *1)7 JH. 



Velocity and Discharge. So, too, with 
the discharge. Theoretically, this would be 
the product of the theoretical velocity in feet 
per second and of the area of the orifice in 
square feet. Actually, the discharge is much 
less, for the velocity must be multiplied by 
the coefficient ’97, and the area of orifice by 
*64. Therefore, if A = the area of orifice in 
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square feet, Q tJie number of cubic fcjet of 
water digeharged per second, 

Q=r*64xAx*97x theor. vcl. 

- 04 X A X *97 X s,^2gli 
= A X -62 X v'^H. 

•02, the product of the ooefficients of contraction 
and velocity, is called the coefficient of discharge. 

Substituting the value of g, 

Q == *02 X A X ^2 x^ina, 

' = 02 X A X 8 X <^/h; 
r= 4 *90 X A X 

Ho that for all practical purposes the formula 
for calculating the actual discharge through a 
circular orifice in a thin plate becomes 
Q = 6 X A X JK. 

Partly to bridge over this considerable gulf 
betwe<;n a(;tual and theoretical discharge, ex- 
periments have been carried out with variously 


that with a tube whose length is equal to 
six times the diameter, the coefficient of 
discharge is *76; 30 times the diameter, *66; 
70 times, ‘55 ; 100 times, *48 ; in which 

case the openings come under the head of 
pipes. 

Flow of Water in Pipes. Thus, in 
long pipes the actual discharge falls very con- 
siderably below the theoretical, so that to attain 
a given velocity or discharge, a much greater 
hea^ is required than would be expected. The 
total head is used up in three ways — in over- 
coming frictional resistance to flow within the 
pipe, in overcoming the resistance at the 
entrance of the pipe, and in maintaining the 
velocity of the water. In long pipes the loss 
of head due to friction is so great in proportion, 
that velocity and entry h^uls are neglected. 
The friction head may be calculated by 
Weisbach’s formula : 


Friction hd. 


•0144 -f 


X 8 X ^/BT; 
X 



'// 


164, DiaCHAROE OF WATER 
Timouail THICK lUBES 


shaped ori- 
fices, and the 
result has 
been to make the actual more nearly approach 
the theoretioal discharge. It is found, for 
example, that if the opening be in the form of 
a short tul>e [0, in 163J, the length of which is 
two and a-half to throe times its diameter, the 
flow is greatly increased, and the coefficient of 
discharge is about *81. Hence, 

Q» *81 X A 
e 6 48 X A 

If the walls 
of the vessel 
or reservoir 
be thick 
[A. 164], so 
that the 
ratio be- 
tween the 
length and 
diameter of 
the opening 
men t ioned 
above holds good, the discharge is the same as 
with a short tube. But if the opening or short 
tube projects into the interior of the vessel the 
flow is less, the coefficient being about ’70, On the 
other hand, if the optming or tube be shaped as 
at B in 164, the discharge barely falls short of 
the theoretical amount, the coefficient being as 
high as *90 with only a moderate head. 

C and D [166] 
are other forms of 
orifices with coeffi- 
oienta of discharge 
of over *90, and 
these in various 
guises are the forms ' 

used for the outlets 
of tanks. If the water discharge by 
length of the open- tapered orifices 

ing hff less than 

twice its diameter, contraction takes place as 
at A [163], and the discharge is lesscmed. If 
the tube len^Imned beyond four times its 
diameter, the discharge is also decreased, so 

1674 


01716 


JveL in ft. pei* sec. ) ^ diam. in ft. 


length in ft. vel.^ in ft. per s ec. 


644 



The entry and velocity heads together never 
exceed a foot, save in short pipes. 

Yet another loss of head 
in pipes is that due to 
bends necessitated by a 
change in direction. If 
the bend be not very 
sharp and be in form an 
arc of a circle (166J (os 
opposed to a knee, elbow, 
or angular bend), the 
additional head required 
is not very great ; it 
may be cakjulated from 
the following formula : 

(b)*-" - ‘ 
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in which H is the additional head in feet, r[166] 
the radius of the bore of the pipe in feet, R 
the radius of the centre line of the bend in feet, 
<p, the central angle (at A) in degrees, V the 
velocity in feet per second. To maintain the 
velocity which a straight pipe would have given, 
this additional head, consumed in passing 
the l)end, must be added to the previously 
calculated total head. 

The Piesometer. The gieat loss of 
energy shown by gradually diminished pressure 
in a lino of pipes is strikingly shown by an 
instrument oaUed a piezometer (Gr. piezo, I press ; 

metron, a measure) or pres- 
sure measurer. The prin- 
ciple on which it acts is 
shown in 167. If a hole be 
pierced in the vessel at F, a 
jet of water immediately 
springs upwards, reaching a 
certain height before it falls. 
Theoretically, as was stated 
in the earty part of this 
article, it l^ves the vessel 
at F with the same velocity which it would 
have acquired in falling throogh the distance H, 
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168. SERIES OF PIEZOMETERS 


and hence the jet should reach the lev'el 
of the water in the vessel before falling. It 
fails to attain this height, partly bt'cause of the 
retarding influence of the atmosphere, and 
partly because it is hindered by the falling 
particles of water. It follows therefore that if an 
open tube were inserted at any point in a main, 
water would rise in the tube to a height equal 
to the head for the pressure at that point. 
The piezometer is a tube adapted this par- 
ticular purpose. In addition to its use in gauging 
pressure at any point, it is of gieat value in 
locating obstructions. If at any point water 
fails to rise in the piezometer to the height it 
should, it is known that the obstruction lies 
between the instrument and the head, but if 
the height regi8tei(*d lie greater than it should, 
the obstruction lies in the opposite direction. 
By repeated experiment it is finally located. 

Piexometera In Series. A series of 
piezometers applied to a long main, as in 168, 
would reveal a steadily diminishing pressure, 
as shown by 
the suoces- 
s i V e d e - 
crease in the 
heights of 
the columns 
a, 6, r, d, €. 

A line a- y, 
joining these 
levels, is termed the hydranlic mean gradient^ 
or hydraulic grade line. A little considera- 
tion will show that such a line in a 8cal(‘ 
diagram reveals a good deal of useful in- 
formation, showing, as it docs, the* loss due 
to friction or other causes from point to point, 
in pipes of uniform bore throughout, the 
gradient becomes a straight line, as in the 
diagram, from x to y, and as long as they lie 
below this line it does not matter whether, in 
folloAving the contour of the ground, the pipes 
slopi* up or 
down. The 
tw^o pipes A 
and B in 169 
will discharge 
equal quan- 
tities of water 
w ith the same 
velocity, be- 
cau8(‘ they 
are equal in 
length and bore, and have the same head, H ; 
yet it might be thought that biicausc B is 
inclined upwards water would rise in it with less 
velocity than it descends A. Where frictional 
or other resistances occur abruptly, as when 
the pipes are of different diameters, the hydraulie 
grade line is not straight, as in 168, for each pipe 
would have its owm gradient. 

Principle of the Syphon. Before leaving 
the question of the flow of water through 
pipes, it W’ill be of interest to refer to the prin- 
ciple of the syphon, a principle the application 
of which is of practical value in the drainage 
of accumulations of water to lower levels, when 
the pipes have to rise to a higher level than that 



INSTANCE OF EQUAL WATER 
DISCIIABOE 


of the surface of the w'ater. A pipe, or, foi 
experimental purposes, a piece of glass tubing. 


is bent ns in 170. The 



170. THE SYPHON 


tul>e is tilled with 
w a I c r , and 
l»oth o[H‘ningK 
are closed un- 
til the cud .\ 
is placed in the 
lujuid ; or A 
may be placed 
below’ tlu‘ sur- 
face and suc- 
tion applied at 
tile ope ning B. 
until the con- 


tained air is WMthdrnwm and both legs an' 
tilled w'ith winter. A stream of water then 
commences to flow through the syphon up the 
short leg .AC, and down and out of the longer 
leg CB. Now, the pressure of the atmosphon^ 
on the surface of the w'ater in the right-liand 
tank or reservoir is the same as that on the left 
hand, and these' equal pressures may be con- 
sidered as iH'ing transmitted upwards through 
the legs of the tube, U'nding to force the water 
in AC down CB and vice versA. Those air 
pressures, then, are equal, but the pressures at 
the ends of the tube due to the vertical head 
of water are unequal. Thus, in the longci 
leg, CB, the water has a head,H, as compared 
with a head, h, in the shorter leg. There is, 
therefore, a diflerenoi' of pressuns H~//, and 
consequently a flow commences through the 
syphon ; for, as th(' w’atiT descends the long 
arm. a vacuum would be jiroduced at C did 
not the water in th(^ reservoir rise through A 
to till its plac(‘ (owing to the atmospheric 
pressure on the watt'r surface). A continuous 
flow thus sets in until H h ; that is, the heads 
becomi* equal, and the surfaces in the two 
vessels rc'ach the same level, or the upper 
reservoir is draini'd. It is, of course, hardly 
necessary to remark that the flow would cease 
directly the surf act' of wuiter in the higher level 
fell below the opening of the tube. In other 
wolds, the syplion (U'-ases to work wium the 
watiT in the vessi'l falls to the level of the 
higher <md of the syphon, wlndher that be the 
leg of the ascending or descending flow. 

Limitations of the Syphon. It has 
just been stated that the water rises to C 
(to till the space left by tlu^ descending 
strt;am) because of the pressure of the atmo- 
sphere. Thendore, it follow’s that the syphon 
will cease working when the point C is higher 
than 34 ft. above the water level, for th(' 
pressure of the atmosphere is unable to support 
a column of greater height. Mercury, rajing 
13*6 times heavier than water, the limiting 
height of C for mercury would be 30 in. ; 
and BO with any other liquid the height of the 
Ijend must not exceed the height of the baro- 
meter column of that particular liquid. As a 
matter of fact, it should be less, for in practice 
it is found that in drainage on the syphon 
principle, the highest point reached by the 
pipes must never even attain 30 ft. above 
the surface of the water drained. Even with 
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quite low elevations, provision has also to be 
made for the escape, at the highest point, of 
air, which, held by the water or entering at 
joints, accumulates at this point, tending to 
lessen or even destroy the efficiency of the 
syphon. 

Measuring the Velocity of a Stream. 

It is sometimes required to measure the velocity 
of the water in a stream for engineering pur- 
jKjses, and this is a matter of greater difficulty 
than would bt* imaginejd. It is clear that in 
the case of a stream, as in orifices, pipes, etc.. 


Vol. mean velocity x cross-sectional area. 


Mean velocity - 


volume 

cross-sectional area' 


But the great difficulty lies in estimating the 
mean velocity, for the rate of flow varies in all 
parts of the stream. Velocity is greatest in 
, the middle of a stream, and a little below the 
surface, at a distance equal to about a third 
of the total depth. In shallow streams, this 
point is found nearer to, and in very deep 
streams farther from, the surface. Velocity 
ch^creases as the banks are neared, while on the 
l>od of the stream it falls to the minimum. 
How, then, shall the mean velocity be ascer- 
tained ? As a result of long and careful ex- 
periments it has iMHm found that the mean 
velocity of a stn^am is approximately 84 per cent, 
of the maximum velocity found at or near the 
surfac<* in Ihe centre part of the stream, while 
the bottom velocity varit^s l>otween 50 and 
75 per eemt. of the mean. The following is, 
then, a ready means of roughly reckoning the 
averagi' velocity of a stream, Choose a portion 
of th<‘ watereourse where the velotnty is fairly 
uniform and measure off a certain distance, 
say 00 — 1 .W ft. On a day when it is not windy, 
a small float of wood is placed in the centre of 
the stream, and the time it takes in floating 
along the marked course is carefully noted ; or a 
corked bottle is often preferred. If, for instance, 
it travelled 72 ft. in 18 sei'onds, its velocity 
would 1)0 72/18 “4 ft. per second. Then, 
84 per cent, of this maximum surface velocity 
equals 4 x *84- 3*30 ft. per second -- mean 
velocity of the stream. 

A More Exact Method. For greater 
exactness, and for finding the cross-sectional 
area, a 
stream is 
divided into 
Bt'ctions, 1 , 

2. 3, 4. 5, 6 
1171], by 171. DIVISION of stheam for 
means of up- velocity measurement 
right poles, 

A, B. t\ D, E, placed at equal distances 
apart. The depth of each portion is then 
taken (midway l)etween each pair of poles), 
and the average depth thus found ; this, 
multiplied by the width, gives the area 
of the cross-section. To obtain the average 
velocity of the whole, each section is dealt with 
separately, its mean velocity in feet per second 
being ascertained by a long float weighted at 
the l^ttom, so that it swims vertically, or nearly 
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to. When each section has been thus dealt 
with, the averi^ velocity for the whole of the* 
section, multiplied by the area of the cross-section 
in square feet, gives the volume or discharge 
in cubic feet per second. 

There are many special instruments for 
measuring the velocity of flowing water at 
different depths. The “ wheel meter can be 
attached to a pole fixed in the stream so as to 
measure velocity at anp depth. The flowing 
of the water causes the wheel to revolve, and 
the number of revolutions in any particular 
time are automatically registered by electrical 
apparatus. Pitot s tube is another instrument 
based on the fact that if a hollow glass tube 
open at both ends be bent at right angles and 
placed in a current, with one end facing up- 
stream, water will rise in the vertical arm of 
the tube, and the height to which it should rise 
is stated by the law referred to in the early 
part of this article, H = V'^f2g. Therefore, the 
theoretical velocity of the stream is V =* y/^K. 
Improved forms of Pitot’s tube are so con- 
structed that the velocity shown is the actual, 
and not the theoretical one. 

Kutter'a Cumbrous Formula. The 

velocity of a river or canal, instead of being esti- 
mated as we have sliown by a maximum of 
actual observation and a minimum of mathe- 
matical reasoning, may be roughly calculated 
by the aid of formula*. The most important is 
that of Kutter, a Swiss engineer, and though 
the final outcome of long and painstaking in- 
vestigation, it is, as Professor Unwin says, very 
cumbrous. The mean velocity of a stream is : 

Mean velocity = c x Jmeaa radius x slope, 
the mean radius being 

Area of cross-section 
Length of wetted perimeter 
(“ wetted perimeter ” = length, as PGH [171], 
of sides and bottom against which the water 
presses) ; the slope is the fall of the stream per 
unit of length, say, in feet per foot ; c is a 
coefficient which, until Kutter announced his 
formula, was regarded as a fixed quantity. 
Ho demonstrated, however, that 4he value of, 
c is : 


c 


In tiiis formula, n is a coefficient of roughness 
of the sides and bottom of the channel, and there 
is considerable difficulty in finding its value, 
ranging as it does from *009 for sides, and 
bottom lined with planed timber, to *035 or 
even *050 for a stream foul with vegetation, 
stones, etc. Moreover, even with the most 
careful calculation, irregularities in the cross- 
section of the stream, and in its course, may 
largely invalidate the values of c and V. 

W«irs. The metbods of calculating the 
flow of water just described apply only to large 
rivers or canals ; in the case of a sm^ stzeam 
the quantity of water available for water wheels 


41 D H -4- — 

n slope 


l + (41-6 -f 


v/mean radius 
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or other purposes is best calculated by means of 
a 'weir. In 172, B is a thin plate in which is a 
gauge n 

notch over 

which the 

waterfalls. JJl ^ 

Knowing*-- -- * 

tlie length • •' — - -- — 

of this ....... dL 

notch and 

the head of 1^2. weir 

water, the 

(juantity of water flowing over the weir 
may be found. The length of the notch may 
l)e easily measured, but the head is not so 
easily determined. The head is really the dis- 
tance from the point C (called the crest) to the 
horizontal line DE, which marks the surface 
level of the stream before the velocity of approach 
produces a sloping surface and a lowering of the 
level. In the diagram, H represents the theo- 
retical head, and at this point the water would 
l)e still and the surface horizontal. In practice, 
however, the head 
is often measured 
only a few feet 
from the weir. 

This is done by 
means of an in- 
strument called a 
hook gauj€ [A, 

172], which con- 
sists of a round 
rod sliding up 
and down in a 
tulx^ fixed to a 
support. At the 
Iwttom of the rod 
is a sharp-pointed 
wile, in shape like 
a fish-hook. The tube Dears a vernier and the 
rod a scale, so that very minute fractions of an 
inch can be measured. The hook is first lowered 
well below the surface and then very gradually 
raised until its point produces a slight prominence 
as the surface water flows over it. The head is 
then estimated from the reading of the scale. 
Another method in which a rule is employed 
will be illustrated in the next article. 

Calculating Flow over a Weir. Having 
determined the head of water, and length of 
weir, the discharge is found from the formula 
Q = mlK s/2pf. 

Q is the discharge in cubic feet per second ; / 
the length of weir in feet ; H the head in feet ; 
g the acceleration of gravity ; m a coefficient 
which varies with the head, but may be taken 
approximately as *41. Another formula gives 
the discharge as : 

Q = 3-33(i- «-3 )hI 

Here, n is the number of “ end contractions ’ 


of the weir. End contraction in a stream 
occurs when the weir is not the full width of the 
channel. Tims, in 173. witli a weir shaix^d as at 
A, the stream lines will take the direction as 
sliown in the plan at B, so that the actual length 
of the overflow, C - D, is less than the length of the 
Mreir /. In 173 tliere are, therefore, two end con- 
tractions ; in 174 only one. In 176, where the weir 
is the width of the channel, then* is no end 
contraction. Each contraction lluis lessens 
the effective length of the weir to sueh an extent 
that ’^^fjOf the head, H, must Ik^ dediicl-edirom 
the length, f, for each end contraction. In 
case.s such as that in 176 it is evident that 
n ~ 0 and t he formula would then bt^ : 

Q = 3-33 _ 

or. Q = 3-33iH7H. 

DifHculty of A'voiding Errors. Vet, 
after the most painstaking observations and 
the nicest mathematical calculation, the final 
result is often nothing more than an ap- 
proximation to 
the actual dis- 
charge. Disre- 
garded, apparent 
trifles may in- 
volve big errors. 
Thus, a thick 
crest increases 
the amount of 
friction, and so 
gives a less dis- 
charge than a 
thin plate. A 
rounded crest 
allows a gieaUw 
disehargo than a 
sharp -edged om^. 
Convcrgen(?e of the banks towards the weir 
has a similar effect, while the slope of the 
weir it.self aids or hinders the discharge, 
according to whether it Ikj inc-lincd d)wn- 
stream, or up-stream. Or, again, if the 
velocity of the water as it approaches the 
weir is considerable, some modification of 
the measured head is necessary. If, too, in 
weirs with no end contractions air cannot 
obtain free admission b.) the space Ijcncath the 
falling water [(’, 172], the resulting partial 
vacuum lessens the discharge. All these, and 
perhaps other unsuspected disturbing influences, 
combine to render calculated discharges, 
heads, etc., further irom the truth than the 
student would exjiect. 

Having briefly and simply touched on the 
qut'stions of heads, velocities, and discharges 
of water in pipes, in streams, and over wcurs, 
it now remains to deal with the practical 
application of this water power as seen in w'atei 
wheels, turbines, hydraulic engines, ocntrifugal 
pumps, etc. 



Continued 
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CEMENT MANUFACTURE 

Varieties of Cement. Natural and Artificial Cements. Dry and Wet 
Processes of Manufacture. The Raw Materials and their Preparation 


By CLAYTON 3EADLE and HENRY P. STEVENS 


Chance of Lime to Cement. In 

speaking of limes, it has been shown that, owing 
to the presence of small quantities of clay in the 
original limestones, the resulting lime, known as 
hydraulic lime, sets to a hard mass in air, anti 
even under water. The hardening of hydraulic 
limes is brought alx)iit by a chemical process 
quite different from the induration of mortar. 
In the latter ease the change is due to the con- 
version of calcium hydroxide into calcium car- 
bonate, but in the case of hydraulic limes other 
substances ])lay a part— the silica and 
alumina of the clayey matters in admixture with 
this type of lime. These substances, by mutual 
ohoinical reaction, form silicates and aluminates 
of lime after the mortar has set. 

If the temperature of the kiln l)e higher, the 
silica, in the course of lime burning, undergoes 
some sort of change ; it is con vorttHi into a mon* 
soluble condition than l)efore, and is in a much 
better po.sition to react wuth the lime to form 
silicates w’hen workt*d up wuth w’at(*r. (Vmse- 

3 uently, a much harder-setting material is pro- 
uccd than in the case of liydraulie limes. The 
quick -set ting cements, of which Roman cement 
is a ty[)o, no longer pos.sess the characteristics of 
lime when mixed witli water ; they do not slake 
and fall to iK)wder. 

Portland Cement. l.,astly, if we carry 
the burning to such a stage as to fuse, vitrify, or 
clinker the mass, we obtain a product resembling 
J^ortland cement, and differing markedly from 
all the hydraulic limes and quick setting cements 
with which we have yet dealt. The older 
cement makers realised the radical ehangi's pio- 
duecd by elinkering. When prejmring such 
eemonts os Roman cement, they wen* careful to 
look over and east aside as useless any elinkered 
portions ; yet it is a curious fact that the 
necessitv of raising the temporature sufficiently 
high to fuse or clinker the mass is not mentioned 
by Aspdin in the original patent for the m inu- 
facture of Portland cement. Subsequent makers 
soon realised that they must aim at produeing 
these elinkered lumps which they had formerly 
Ihrowm on to the waste heap. In eonsequenee of 
the high tempi>rature in a cement kiln, the silica 
and alumina present in the clay react with the 
lime in the process of burning, to produce sub- 
stances known as silicates and aluminates of 
calcium. These substances are able to combine 
with water to form hydrated silicates, which are 
hard rock -like substances. 

The cement is denser and slow setting, and its 
power of setting and hardening under water is 
brought about by hydration of the silicatos and 
aluminates — that is to say. the combination of 
these substances with water. It is now generally 
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agreed that the setting of the cement is due to 
the hydration of the calcium alurainate, while the 
subsequent hardening is brought about by the 
calcium silicate. 

It is an easy step to pass from a natural lime- 
stone containing clayey matter to an artificial 
mixture of limestone and clay which form the 
ingredients in the manufacture of Portland 
cement. 

Kindred Proceesee. We strongly advise 
the student to make himself thoroughly 
acquainted with the course on Lime.s before 
tackling Cements. 

Limestone and chalk are the raw' materials 
in both cases, and we have not seen the neces- 
sity of repeating under Cements what we have 
already fully described under Limes. Much of 
the matter described in the Brickmakino course 
wnll also be found of use here. Thus, we 
described in that section the Hofftoann kiln, so 
much used in burning bricks, but also adapted 
for burning lime and cement. 

It is also instructive to contrast the grinding 
machineiy used in the brickmaking and cement 
industries. The principle of the wash -mi 11 is the 
same in both, but when w’e come to grinding hard 
material, such as limestone or cement clinker, wo 
require a different type of apparatus altogether. 

('emeni has U'cn described as a dry and dusty 
subject. A vi.sit to a cement works will convince 
one of the dust. We shall, however, do our beat 
to present the matter in a.s readable a form as 
|K>S8ible. Wc should try to realise its enormous 
imfiortance. Cement is coming into use more 
and more, not only in building the foundations 
of our wharves, reservoirs, waterworks, etc., but 
in constructive work, such as Portland cement 
concrete, ferro-concrete, reinforced concrete, 
and artificial stone. The consumption abroad, 
especially in the United States, is much higher 
than in this country, where it does not exceed 
one hundredweight per head. 

Cement used by Smeaton and 
Others. Before the discovery of Portland 
cement there w’ere in use a number of natural 
cements similar to the hydraulic limes, which are 
iiow’adays mostly replaced by the cheaper and 
more efficient Portland cement. 

In the volcanic district in the neighbourhood 
of Naples there is found a sort of volcanic ash 
termed porzolana. This substance contains 
approximate!}^ oO parts of silica, 16 of alumina, 
12 of oxide of iron, and 9 of lime. By mixing 
30 parts of lime with 70 parts of pozzolana, an 
excellent cement is produced, resistant to the 
action of water. It was used in conjunction 
with lias lime by Smeaton for building the old 
Eddy stone 1 ghthouse. 




It will be seen that porzolana servos to replace 
the sand in mortar, Imt that it differs from the 
latter in that it is capable of reacting with the 
lime to form a water-resistant material. 

Similar cements have been made from so- 
called Trass, found in the Rhine district, and 
Santorin earth, from an islamd of that name in 
the Greek Archipelago. Ground brick may also 
replace sand, and its action is similar to that of 
the substance just mentioned. 

Natural Cements. Roman cement is 
a quick-setting cement, closely allied to hydraulic 
lime. It is a natural cement, made by calcining 
certain rounded lumps of stone found in the 
neighbourhood of the Isle of Sheppey. These 
stones, termed “septaria” nodules, lie emljoddt^d 
in the marl, just like flint in chalk, and owe 
their origin to similar natural processes. fSee 
Geology.] Tliese nodules contain, on an aver- 
age, 60 to 70 parts of calcium carbonate, 18 to 20 
parts of silica, and 6 to 10 parts of alumina. 
They are heated in conical kilns, similar to lime- 
kilns, and the burning is carried far enough to 
drive off all the carbonic acid from the mass, 
but not so far as to clinker it. The lumps are 
then finely ground. For use it is well mixed 
with about one-third its volume of water. It 
sets in from five to fifteen minutes, and under 
water in less than an hour. 

Another similar cement, known as Medina 
cement, is made from a stone found in the Isle 
of Wight. Both these cements set rapidly under 
water, and where a very rapid setting cement is 
required, they thus possess certain advantages 
over Portland cement. 

History of Cement. It may be truly 
said that Portland cement was the invention of 
an Englishman, and that England is the cradle 
of the industry. Previous to this w'e have the 
discovery of hydraulic mortars by Smeaton, who 
used them with such success in building the old 
Eddystone lighthouse ; while Vicat, the French- 
man, at the beginning of the lost century, was 
probably the first to use an artificial mixture of 
clay and chalk in the place of clayey liraestoncs, 
as jpound in the natural state. Tlie actual dis- 
CO very of Portland cement we owe to Joseph 
Aspdin, a bricklayer in Leeds, who took out his 
patent on October 2l8t, 1824. He called his 
cement after the celebrated building-stone from 
the Island of Portland. 

Aspdin ’s cement was originally made at Wake- 
field, and had already attained some notoriety 
before it began to be manufactured in the South 
of England. Here it eventually assumed enor- 
mous proportions. At the time of the Great 
Exhibition, in 1851, it had already attained a 
foothold, and begun to replace the old Roman 
cement. A little previous to this its manufac- 
ture was taken up by Messrs. White & Co., of 
Swanscombe, on the lliameB estuary, and after- 
wards by an increasing number of firms in the 
same neighbourhood, until eventually the greater 
of the world's production originated from 
Kent works situated on the lower reaches of the 
Thames and Medway. This is, alas ! no longer 
the case, although more cement is still made here 
than in any other part of England. 


•UILOIIMI 

Manufacture of Portland Cement. 

The aiotual manufacture falls into three distinct 
operations, vis. : 

1. The preparation of the raw maU^rials. 

2. The burning of the cement clinker. 

3. The crushing and grinding of the clinker to 

form the finished article. 

The General Treatment. It 
without saying that different materials will call 
for different methods of preparation, but the 
object will always bo the same — viz., intiraaU^ 
mixing of the different constituents in a finally 
divided state. 

In the early history of cement manufacture, 
as W’e have already explained, the raw materials 
wert^ invariably soft chalk and river mud. 
Tliesc could be bi'st and most safely mixed in 
the wet state. Both contained a considerable 
amount of water in the natural condition in 
which they were found, and were soft enough to 
be washed out easily by a further quantity of 
water, leaving stones, flints, and other impurities 
behind. Later on, as the demand for cement 
increased, it was found that equally good 
cement could be made from a great variety of 
other materials iK^sides chalk and river mud, 
such as marl, different kinds of limestone, 
whether hard 'or soft, in conjunction with 
different sorts of clay, either gault clay or the 
various forms of shale and slate. Any of these 
raw materials can be uh(k 1, provided that tht' 
chemical composition of the ingredients at 
hand makes it possibb^ to produce a mixture of 
the .proper composition, and further assuming 
that the raw mubTials do not contain dangerous 
(ionstituents— such as magnesia, sulphuric acid, 
etc. — in such quantities as to alTect the soundness 
and quality of the cement. 

We may here mention incidcmtally that of 
late years another raw raaUirial has been largely 
used in the manufacture of Portland cement — 
in this case, not a natural stone, but a wasU» 
product — viz., the slag from blast furnaces, 
which contains the three necessary ingredients — 
lime, alumina, and silica. 

The difference in the nature of the raw 
materials as they are received in the factory 
naturally leads to different methods of treat- 
ment, and those are technically known as the 
different processes. Strictly speaking, there arci 
a very great number of these, but in a general 
way they may all be classed under two heads — 
namely, the wet and dry processes. All the 
others can be considered as falling more or less 
under one or other of these processes, or a 
combination of the two. 

The Wet Process. This method consists 
in washing the raw materials together into a 
thinner or thicker “ slurry,” and is, as a rule, 
only used in those cases where the raw materials 
are of such a soft nature that washing can bo 
done by a simple apparatus called a wash mill, 
assisted afterwards by a grinding apparatus to 
reduce the slurry to a high state of sub- 
division. It may, however, be mentioned hero 
that the wet process has also been used with 
harder materials, requiring “ edge-runner ” 
mills to disintegrate them. 
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In the early <layH of cement manufacture the 
wcit proocHS waH exclusively employed, and a 
very considerable amount of water was used 
for washing the materials. The slurry was 
consequently very thin, and could l)e led through 
a system of channels, in which the coarse 
particles settled to the bottom, and were thus 
eliminated ; whereas the fine, thin slurry 
was run into large settling “ l>acks,’’ or reser- 
voirs. Here the cement material would gradu- 
ally settle, and the water (jould be got rid 
of, partly by draining it off and partly V>y 
evaporation, so that after two or three months 
the cement, raw material, or slurry, had 
assumed the form of thick sludge, somewhat of 
the eonsisb!ncy of soft-soap, and in this shape 
was taken to the kilns to be burnt. 

Improvements in the Wet Process. 

Nowadays a more direct process has 
be<*n very generally adopted, espreeially in 
England, by which the quantity of water re- 
quiriul is greatly reduced, and a thick slurry 
formed, whii'h can be pumped direct to the 
drying floors, so eonstrucU'd as to utilise the 
waste heat from the kilns. The original sysU^m 
is known as “ the Goreham process.” 

Making Slurry. In either ease the 
apparatus usually adopted for reducing and 
mixing the materials is the wash mill [1]. 
TJiis oonsisls of a brick-built basin of circular 
or octagonal shape, about fl ft. deep and 1‘2 to 
20 ft. across, partly sunk into the ground, with a 
brick-built pier or block of masonry (A) in the 
centre supporting the machinery. This consists 
of a driving gear (B) attached to a vertical shaft 
(C), HupporU'd at the lower end by the pier, and 
providiid with a number of horizontal arms, 
termiKl “channel” or “angle” irons (DD). 
Cross harrows (EE), with renewable steel tines 
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or metal bars (KK). are susj^ended by chains from 
tJhe arms. The cross is made to revolve by the 
driving gear, and drags the harrows round in the 
mixture of raw material and water. By the 
tearing and rubbing action the raw lumps aro 
gi'adu^ly disintegrated and washed into slurry. 
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To ensure regularity of working, means must 
be provided to regulate the quantity of water 
addled, so that for a given weight of raw material 
tipped into the basin a corresponding quantity 
of water is admitted. 

The slurry, as a rule, leaves the wash mill 
through a mating let into one of the sides of the 
mill, and the openings in this grating will, to a 
certain extent, ensure that the slurry possesses 
a uniform oegroo of fineness when it leaves 
the mill 
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Removing Stones from the Slurry. 

The wash mill also ^ 

removes stones, which 
occur naturally in the 
raw' material, as they 
will not bo 
disinteg- ^ 
rated by 
the action 
of the mill. 

h e s e 
stones — 

such as flints from chalk, etc. — collect at the 
bottom of the basin, and can be periodically 
dug out and removed. 

As the stones continually accumulate while 
the opt^ration is in progress, the harrows must 
be gradually lifted up by shortening the chains 
by which they arc suspended, so as not to 
work w'ith the tines in the accumulation of 
stones, otherwise there would l>e undue friction 
and considerable waste of power. 

The wash mill must, of course, be stopped to 
lift the harrows and to remove the stones. 

An improved form is Smidth's mill [2], which 
is HO arranged that the whole eross with the 
liarrows suspended from it can bo gradually 
lifted by turning a hand wheel. In the illustra- 
tion two wasli mills arc shown. They are, 
fufiher, built on arches entirely above ground, 
and at such a height that tip- waggons can go in 
under them. In the bottom there are openings 
provided with doors, which open downwards. 
By opening these, the stones which have 
accumulated in the wash mill can be emptied 
out with the assistance of the liarrows, w’hich 
should be lowered to such an extent as to 
scrape the stones to the openings. In this way 
the wash mill can be cleaned out in a few 
minutes instead of being put out of action for 
several hours. Fig. 2 illustrates this type of 
wash mill. The tops of the horizontal revolving 
arms can just be seen. 

Chalk Lrumpa in Slurry. In modem 
practice, w’hen the slurry is thick, it is necessary 
to grind it in order to get it fine enough. As it 
comes from the wash mill it may contain 
“ nibs," or small lumps of chalk, and if these 
are allowed to remain without being reduced 
and thoroughly mixed with the clay, they will 
be converted into free lime in the process of 
burning the clinker, and the resulting cement 
will be unsound. With few exceptions, the only 
machines which have been us^ for grinding 
the slurry are millstones of the ordinary type, 
the slurry' being pumped in through an opening 
in the centre of the top stone, and in many 
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factories several consecutive passages through 
the stone being deemed necessary to get the 
slurry fine enough. Of late years, however, 
the tube mill, adapted for wet grinding, has 
come much into favour. This mill is practically 
the same as the tube mill for dry grinding, 
which will be described later on. 

The Dry Process. This process can 
be used for practically all materials, but is most 
often used with those which are too hard to bo 
treated in the wash -mill. The raw materials 


are ground and mixed in a dry state ; they are, 
with a very few 

exceptions, arti- 1". — I 
ficially dried be tj= CYl-IVMS * t L- H I 


fore finding. [(? — li 

Drying Raw _ ■ I j T 

Materials. , 

Unless the raw X | ^ 

I 

materials are ab- 

solutely dry m 3 drying drum 
they are brought 

into the factory, an artificial drying is necessary, 
because it is practically impossible to grind a 
material containing moisture to a leally fine 
powder. Even a very small quantity of water 
will give trouble by condensing in places where 
it comes into contact with cold metal, and will 
form a sludge with the dust, which will gradually 
accumulate and clog the apparatus. 

The drying has, in many cases, lanm done on 
drying flats — that is to say, floors often covered 
with iron plates and heated from below. [See 
illustration of Anderson kiln and chamlH'rs.j 

Tn modern practice* there are, however, only 
two methods commonly employed on a largo 
scale. 


The Dpring Drum. The first of these 
is the drying drum, consisting of a cylinder 
heated from inside or outsiclc*, or on both 
sides, and through which tlu* material slowly 
passes. The drying drum can either be 
placed at an angle to induce tlie material to 
pass down it, or it can be provided with ribs 
or projecting plates placed along a screw-lino 
inside, so that the interior somewhat resembles 
an Archimedian screw with the centre cut 
away. The simplest form of drying drum is 
one used in conjunction with the rotary kiln. 
It forms a continuation of the kiln itself, and is 
heated in a simple manner by the waste heat 
from the kiln passing through the dryer on its 
way to the chimney. Besides this form of 
dryer there is an endless variety of designs, 
some consisting of only one cylinder, and some 
of two or more inside each other. Others arc 


divided longitudinally into cells, to increase 
the drying capacity. They either utilise the 
waste heat in some way or other, or are pro- 
vided with a special furnace fitted with an 
artificial draught produced by means of a 
blast fan. 

As an example of this type of dryer, wre give 
an illustration [8]. In plant of this construction, 
the stokehole B is so arranged as to be under 
air pressure, and the air forced in by a large 
fan (A). From the stokehole the blast passes 
through the furnace C. in the direction indicated 


by the arrows, and forces the hot air in the 
direction as shown, passing first outside the 
drjnng drum and then back through the inside, 
finally leaving through a i liimncy placed above 
the opposite end of the drum, at E. The drum 
revolves, driven by the gearing shown at H. 

Drying Kilns. The otlier form of drj'iT 
referred to above is the drying kiln. TIuh, 
again, can bo built in many dilTercnt forms, 
(ine of the b<'st. (‘specially in rt 8p«H t to the 
economical results obtained, is tin* Smidth 
drying-tow’er. Wo give a section illustrating 
the action of this dryer [ 4 ]. In 5 is shown a 
typical drying-tow'cr. one of many in iisi* in 
English and foreign cement works. The drying 
fower is a vertical brick-built kiln of sliglitly 
conical shape. In the interior is a hriek-huift 
dome with perforated sides, connected at the 
bottom with a furnace with Kmokek'ss com- 
bustion — that is to say, producing heated gases 
free from smoke to avoid coptamination of tho 
raw material in the kiln. Tho furnaeo is 
operated imd(‘r forced draft w'ith air driven 
in by a fan. Cold air is also admitted by 
anotner channel and mixed witli the hot air 
from the furnace as it passes on its w'ay to the 
interior of tin* tow('r. Tln^ blast from tlm fan 
forces the hot air in through the dom(‘, and dis- 
tributes it evenly throughout the charges in the 
kiln, wdiich fills the space between the dome 
and the brickwork. Around the base of the 
latter are a numln'r of doors, through wdiieh the 
dried material falls by gravity, and thi^ tow'er 
is kept constantly full with material put in at 
the top A chimney or flue leads from a point 
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in the upper part, and the spent air laden with 
moisture escapes through it. 

A drying tower of this type can ho built on a 
large scale, and has a very considerable output. 
It is quite easy to build a tower to heat 200 tons 
of raw material every twenty -four hours, and 
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there is practically no labour connected with it 
beyond stoking the furnace. A tower like thin 
(jiin Ikj used for drying 
materials containing up ^ 
to about 25 per cent, 
weight of moisture, ff 
'Phe amount of 
fuel used in 
moderate, as 
u tower with 
material con- 
taining only 
five per cent 
of water will 
e vapor H t e 
51b. of water 
for o a c li 
pound of 
coal burnt ; 
whereas, when the material contains up to 25 
per cent, of water, the tower will evaporate 
8 lb. of water for every pound of i fial burnt. 

Cruahins* In crrch where the raw materials 
art) dried in revolving dryers, they have, as 
a rule, to be crushed before passing into 
the dryer, but where drying kilns arc used, the 
materials are generally dried just afU‘r they 
come from the (juarry. The large blocks arc 
taken directly to a “ jaw (Tusher,’' before going 
to the mills for further treatment. Fig. 6 shows 
a si'ctioniil diagram of the most modern form 
of such an appliance. Tlie framework of the 
maehini' is in one piece, cast in steel, and very 
strongly eonstrueted. as it has to stand a 
considerable strain. Tlie machine is provided 
with lly wluM'ls (A) and driving pulleys ( H). The 
material is fed in at i\ Udweeii the two jaws, 
of which one (D) is fixed, and the other (Ejsw'ings 
to and fro, lu'ing pivoted at F. The axle |K| 
carries an eecimlrie rod. which actuates the 
jaw K by means of levers. I'lie machine 
generally placed entirely underground, with i 
shoot leading dowm from the floor level to the 
mouth of th(^ crusher, and a pit under the 
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crusher with an elevator taking aw*ay tlie 
crushed material as it leaves the machine at M. 
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[Compare plant used for grinding clay in Brick- 
making, page 1278.] 

Grinding. As already mentioned, the dry 
process is principally used in connection with 
hard materials, though such soft substances as 
chalk and gaiilt clay may, with advantage, l)e 
treated in a similar way. When working with 
softer materials of this nature, millstones are 
often used for grinding, and more especially the 
bottom runner millstone has been found best 
adapted in such eas'^s. This form has the 
advantage over the ordinary, or top runnel 
millstone, in that the material during the grind- 
ing rests on the revolving stone, and conse- 
quently is moved out from the centre by cen- 
trifugal force. This relieves the stones and 
increases their output. A machine of this 
type is sliown in 7. The material passes to 
the automatic feed by the hopper A. It passes 
down the middle, and then between the upper, 
or stationary, and lower, or revolving stone, and 
out at B. Tne lower stone is fixed to the axle H, 
hung up on a toe at the bottom of an iron tube L. 

This tube is raised or low’ered by 
\ * / turning the nut M, threaded to fit 
V upper part of the tube L. The 

- axle H is actuated by the cogs 
C and D, the axle A, and the 
pulley K. 

Even with harder materials 
the under-runner millstone is 
sometimes used, but the harder 
the material and the finer it 
has to 1 k‘ ground, the 
greater will l)e the j>ower 
consumed by this 
machine, as the stones 
have to 1 k‘ pn'ssed very 
tightly together. At the 
KEG'XIONAL DIAGRAM ^Utput of 

OF MILLSTONE 

much reduced. 

Edge-runner mills have also been used a great 
deal. They are htaivy wheels of stone or iron 
running round on ( dge in a eireiilar pan or 
trougli. and crushing the mtiterial by their 
weight. I A description of this form of machine, 
such as is used for grinding clay, will be found 
under Brkkmakino.] Runner mills are, how- 
ever, not very well adapted for really fine 
grinding, and they are clumsy machines for 
hard brick or clinker, requiring much power, 
and suitable only for a few special easLS. 

Modern Methods. These pulverising' ma- 
chines are aiTanged to finish the grinding in 
one operation, but for hard materials w^e may 
economise powder by dividing the work, using a 
separate machine for the preliminary, or coarse 
grinding, and another machine specially adapted 
for the finishing, or fine grinding. 

Ball Mills. For the first operation of 
coarse grinding, ball mills arc almost universally 
used. Tiiis machine consists of a drum revolving 
on a horizontal axis, and containing a number 
of heavy, hard steel balls. The periphery, or 
inner surface of the drum is made up of steps, 
and as the bails fall from step to step, they 
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pound up the lumps of limestone or other as at D, and easily renewable. The grinding 

material Fig. 8 shows the mill in section, and action of the mill is improved, as the material 

9 gives an outside view. The dust casing and r-i is forcwi to pass the entire length 

fine screens, which are indicated in the sectional M of the drum Udore it falls on to 

diagram, are not shown here. /A the sieves, when'as in tho 

In the ordinary ball mill the sU'ps are formed larger parti- 

of a number of plates projecting one over the cles invariably found their 

other. These step-plates are provided with tlirough the 

heavy steel linings, and each is fitted witli a different diseharge holes, 

number of perforations through which tho LJ J and were constantly falling 

partly-crushed material falls out on to the on the sieve's, to be 

screens. The fine part drops out into the returned again to the 

hopper-shaped dust casing, indicated in the Another advaii- 

sectional diagram, whereas the coarse particles, ■ “iwiy tago the now con- 

which are retained on the screens, drop back l st ruction is the 

through the holes in the steps into the interior " 4 improved screening ea- 

of the mill again as it revolves. rg/ pacity, as the material 

The screens are generally made up of three entire 

parts — a strong plate, with slots or holes ; ; i length of the screens, 

secondly, a coarse steel -wire screen ; and lastly, -r - j. whereas, in tho old 

outside these, a wire screen of fine mesh. *« niaterial hod 

The material is fed in at the centre through ‘ ball mu l across ono 

a hopper, and is discharged through the per- ^ window or the screens, 

forations in the step-platt's. a very short distance indeed. 

Ball mills of this description were at one The Kominor is a very efficient machine, 
time frequently used to do the coarse and fine The largest size is made to taki^ a charge of 

grinding in a single operation, but since the 3 tons of steel balls, and the capacity of tho 

invention of the tube machine will be about 

mill, they are used 
only as preliminary 
coarse grinders, the 
finishing, or fine grind- 
ing, being effected by 
the tube mill, which 
is specially adapted for 
this purpose. 

Improvement on 
the Ball Mill, An 
improved form of ball 
mill is the Lindhart 
(^mminutor, or Ko- 
minor [10]. This differs 

considerably from the * ’ ' ' 1 tories, by working with 

ordinary ball mills. - I very pure maU^rials of 

Fig. 11 shows a section 9. ball mill unvarying composition, 

of the mill, and it w^ill it is possihic to weigli 





6 tons per hour w^hen 
U8(«d for preliminary 
grinding of ordinary 
hard limestone to such 
a fineness that the par- 
ticles w'ill pass through 
a screen of, say, 20 
meshes pi^ lineal inch. 

Method of Mixing. 
We now come to another 
and very important step 
in the manufacture! — 
viz., mixing tlu‘ raw 
maU!rial8. In some f ac- 


he seen that the material enters A at the centre 
at one side of the mill, the discharge taking 
place through slots at P at the opposite end. 
The material, already partly crushed by steel 
balls falling over the steps C passes out at P, 
and then back again along the whole length of the 
screens E and F, which are built slightly conical 
in shape, and the residue, which is not fine 
enough to pass through the screens into tho 
outer casing M, is lifted up at the inlet end and 
dropped back again through tubes N into the 
mill, together with the fresh material which 
enters at the same time. 

The cylinder CD and screens fixed to the axle 
B revolve slowly, actuated by the pulley L 
and cogwheels K and H. 

As compared with the old ball mill this ty 7 )e 
has several points of vantage. First of all 
the construction of the mill is much simpler, 
as the body is a plain drum, the circumference 
being built of a single solid plate. The steps 
are formed by steel castings bolted on the inside. 


the separate raw materials in tho i*ight 
proj)ortion before grinding, or ev(!n before 
drying, and simply to mix them together in this 
state. But, as a rule, they art! kept separaU^ly 
during the drying, crushing and pniliminary 



10. smidth’s oomminutor, or improved 

FORM OF BALL MILL (KOMINOB) 


1683 



•UILDINQ 


grinding, bccauRc it in much eaiiier and more 
accurate to weigh them in the proper proportion® 
after these operations. In those cases, especially 
where the raw materials vary considerably in 
composition, it gwjs without saying that large 

quantities of each material 

get mixed to a certain ex- ' , . . 

t<*nt by passing through the p y Y*f ^ 
different processes of — j [ j 

drying, crushing and _ 1 I '*1 _ 

preliminary grinding, ^ T '' " j " ’ r" ]r~T ^ 
and an average com- I ^ I rr 

position has aheady been 

obtained to some extent ( ijr7-, 

before the actual mixing ^ ‘ 

operation bi^ins. V %* / L 

Mixing Bins and Ex- N. / 
tracting Worms. As this i { 
careful mixing is of the very 
groatoBt important, for tlu- „ toansvkbse . 
uniform quality of ooniont, sBrnoNS oi 

mixing bins are eommonly 
used to make the raw materials as far as possible 
of a uniform average composition. 

Those mixing bins are generally built of brick- 
work or concrete, and consist of large vertical 
compartments fitted w^ith “ extracting worms *’ 
at the bottom, conveying the material to 
elevators, and thence to “ distributing worms 
at the top. These worms consist of spiral 
strips of metal lumt in the form of corkscrews 
or gimlets. Th(*y are attached to a shaft, 
revolve in a tube, and resemble in eonstruetion 
an Archimedian screw. By their action they 
jnish tlie jxiwdt'i'cd material along the length of 
the tube 'rju* worms and elevators are made 
large enough to handle a much larger quantity 
than what is actually passing through the 
mills, and they are k(‘pt eontinuallv at work, 

HO that the surplus over and above wli at ingoing 
to the mills is constantly circulating tlirougli 
the bin, being taken out at the bottom and tilled 
in at the top of the hopper. This heljis consider- 
ably to mix the materials. 

Separate mixing bins are used for each of the 
raw materials, and the weighing and mixing 
are done after the materials have passed throiigli 
the bin, and the eomposition of each has l>een 
equalised. The M'eighing is generally done 
by coupled automatic weighing machines, 
which weigh the correct proportion of each 
material, and discharge them together through 
a set of regulating w'orma, which deliver a 
stream of each maUTial of a eomposition 
corresponding exactly 
to the ratio required. rn I r 

The Tube Mill. 

The mixed raw materials jnruiziizi: ^ 

are then passed through 
the fine grinding-mill. LLl | 

In modern practice this < 

invariably a 12. section of a tube mill 

This machine [18] was invented by Mr. large quan 
Davidsen. It consists of a long cylindrical the quantil 
drum revolving on a horizontal axis. Fig. 12 ‘ 

shows a section through this mill. It wrill be 
seen that the feed is at the centre of one end. 
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and is, as a rule, actuated by means of a worm, 
the speed of which can bo regulated at will 
The cylinder is half filled with hard flint pebbles 
or grinding balls of other material, such as iron, 
porcelain or stone. The finely-ground product 
is discharged from the 
^ mill at the opposite 

/ ?\ periphery, 

' f^^'nngh a system of 

I A 1 square holes 

xS} — # . ) covered with gratings, 

^nd the finished mate- 
y rial falls into a hopper- 
^ shaped dust casing, from 

/ ' ' y which it is taken away 
A / means of a worm or 

\ / elevator. Thtv action of this 
yf mill is so simple that it 
requires hardly any explana- 
rr, . fioH. Thc material “ flow'H ” 

L K^MlNor •’y 

tion, and as it is exposed for 
some time to the rubbing and crushing action 
of innumerable flints or grinding balls, it will be 
ground to a very regular degree of fineness. 
This will also depend on the quantity passed 
through the machine, and consequently on the 
time that each particle remains in the mill 
It is therefore possible to regulate the fineness 
of the finished product by regulating the feed. 

Capacity of Tube Mill. The tube mill is 
a machine of very large capacity and output. 
The biggest machine built will take a charge of 
about lO tons of flint pebbles, and will grind lO 
tons an hour of ordinary raw material, such as 
hard limestone, to the usual degree of fineness. 
The grinding is so complete that 94 to 95 per 
cent, will pass through a sieve with 1 80 meshes 
per lineal inch or 32,400 holes jut square inch. 
We describe these sieves more fully undiT 
Cement Testing. 

Fig. 13 shows a tulx' mill of the largest size 
constructed for grinding raw material in cement 
works. It will be seen that the mill is driven 
by means of a pulley with “ friction clutch,” 
or fast and loose pulleys, and plain ” spur 
gearing " ; on the counter shaft wtII also l>o 
seen the cone pulleys, by which the feed worm 
is driven. 

The finely-ground raw materials are techni- 
cally called rau' meal. 

It is advisable, in order better to secure at 
this stage absolute uniformity of composition, 
to introduce mixing bins for the raw meal, 
similar to those men- 
tioned above in the 
^ ” preliminary grinding of 
^ I the raw materials. They 
j j j are provided with ex- 
1 tracting worms at the 
! bottom, elevators and 
A TUBE MILL discharge worms at the 

top. through which a 
large quantity of raw meal, in addition to 
the quantity necessary for the further manu- 
facture, is constantly circulated. The introduc- 
tion of big store bins at the different stages of 
manufacture will always be adopted by prudent 
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manufacturers, as a local stoppage in the 
works will not affect the working in the 
subsequent stages of manufacture. 

Other Processes. As has already 
l>eeii mentioned, liesides the wet and dry 
processes pure and simple, others have l)een 
devised and put into opi'ration. Various com- 
binations of the wet and dry process are well 
known. The sludge dug out from the settling 
Imcks in the old-fashioned wet process is some- 
times formed info bricks, with the help of 
ordinary brickmaking machinery, bv the addition 
of a certain proportion of raw’ meaf made on the 


dry process from tlie same matei ials. Likewise, 
raw meal produced by the dry process has. in 
some cases, been mixed with a certain pro- 
|K)rtion of slurry made in wash mills, to form a 
mixture which could be moulded into bricks. 
The resulting plastic bricks in both cases have 
gotierally to be dried in “tunnel’’ dr 3 ’er 8 , in 


which the bricks arc passed through a hot 
oven stacked in waggons running on rails. 
[For details, see eourse dealing with JIrk k- 
MAKINO, jwge 1278.] 

Another prm'ess consists in treating the moist 
raw materials in their natural state fhvt/ 

are, provided they are fairly dry, and subjecting 
them to the preliminary crushing and grinding 
in this condition, tinallv grinding them wet in 
tulie mills with the addition of sufticiimt water 
to convert them ink» a thick slurry, which ( an 
then Iw treated in the same way as nn(l<‘r the 
wet iiroeess. 


It may also Ik* mentioned Jktc that (^emont is 
often produced from mat<*iialH which are found 
ready mixed in their natural slate. Such rocks 
ar(‘ called “ cement stone,” and the resulting 
(•enumt is called “ natural cement.” The raw 
materials reejuire no other [ireparalion than the 
simple (piarrying of the stone. 
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LIMITATIONS OF HEREDITY 

Effects of Exerdae Disease and Acquired Faculties not Transmitted. 
Inherited Tendencies. Alcoholism. Physical and Mental Acquirements 


By Dr. GERALD LEIGHTON 


CUPPOSING for tho moment that use-acquire- 
ment« were transmitted, what would be (he 
rcMuli? The child would grow into a normal 
healthy adult without exercise. It would 
not require to learn how to feed itself, or to 
walk, or to speak. All these use-acquirements 
which tho parents had would bo handed on 
as such to the offspring. But no such thing 
happens. The infant’s Umb never reaches the 
normal adult standard except from the stimulus 
of use, exactly as the parent’s did. I'he powei 
of talking ana also of walking and feeding has 
to be acquired by each child afresh. Some of 
tho very functions necessary to life itself must 
he acquired by eacth successive generation. Y'ct 
these chara(5ter8 have been acquired by every 
single individual of the race for hunareds of 
thousands of generations. Still, no child is 
bom with them developt*d fully. All that the 
child has ts the same power of making the acquire- 
ment for itself under similar conditions. 

Changes from Childhood to Man- 
hood. It is this power of making acquirements 
which has undergone such a degree of evolution. 
Most of the changes from infancy to manhood 
ore auo to this power. In other words, the l»oauti- 
ful co-ordination of all the different parts of the 
body in higher animals is not the result of trans- 
mitted acquirements, but is duo to tho facility 
w'itb w’hich acquirements can be made. Thus, 
it one structure varies markedly from the 
parental condition, all others associated with 
it are able to eome into line, owdng to the great 
power of making acquirements which has been 
evolved. The individual is enabled to adapt 
himself to all sorts of surroundings in virtue of 
this faculty. He can become muscularly strong 
in case of need, besides well equipped intel- 
lectually. Without this power the evolution 
of the highest animals could not have occurred, 
a fact which is seen most markedly in the 
phenomena of the mind. It is to 1x3 noted 
further, that the great power of making acquire- 
ments in response to use or exercise is restricted 
to those directions which are most commonly 
useful to the species. Species differ, therefore, 
not only in their inborn characters but also in 
their acquired traits. “ Since this power of 
developing individually in response to use is 
an enormously important faculty which is 
observable mainly in the higher animsJs, it is, 
speaking comparatively, quite a recent product 
of evolution.’^ [Reid.] 

The Importance of Infancy. It 
cannot be too clearly leoognisad that, unless 
an infant makes the same acquirements as his 
near and more remote ancestors made, he is 
incapable of an independent existenee. Most 
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important, too, is it to observe that this power 
is not maintained at the same high level through- 
out life. In the human species the power of 
making acquirements, both mental and physical, 
is infinitely ^oatest in infancy — indeed, it is 
chiefly on this account that the infant grow^ 
into an adult. But as time goes on, the capacity 
gradually dwindles, as infancy passes into 
manhood and manhood into old age, and the 
time comes when man can make neither physical 
nor mental acquirements. Few of us change our 
opinions on any important subjects after the age 
of forty. Evciy great reform must take place 
by scouring the attention of the young. Nothing 
that is acquired is transmitted; the acquire- 
ments must be made by each for himself. 

The Argument from Deformities. 

In spite of some popular belief to the contrary, 
there is not a shr^ of evidence to show* that an 
acquired deformity is ever transmitted. No 
puppy is born without a tail on account of the 
mutifation of tho parent. All such cases as 
are cited arc doubtless mere coincidences, 
otherwise they would bo far more common and 
capable of experimental production, which they 
are not. No medical man ever sees a surgical 
mutilation reproduced in offspring. What does 
happen is that a child is occasionally bom 
deformed, and tho parents and others who seek 
to find some explanation often assert that it is 
duo to sonic parental mutilation. But one 
swallow^ does not make a summer and the 
swallow may be mistaken for a martin. If 
transmission of mutilations w'cre possible, 
millions of children would be born mutilated, 
and a few simple experiments would settlo the 
matter. This does not happen, and from what 
wo have learnt of the basis of heredity it is 
easy to see that it could not be so. 

Maternal Impreaaiona. If a pregnant 
female sees some deformity or other terrible 
sight, and her child when (xim is abnormal in 
any way, the case is at once quoted as one of 
the transmission of an acquired character. 
Even if it occur, it is nothing of the sort. What 
the mother acquires is a mental impression, 
l^hat is present in the child is a physical 
deformity. How the former is transformed 
into the latter is past oonoeption. Here, ^ain, 
it is a case of being wise after the event. Minions 
of women see deformities and bear healthy 
children, and the deformed children are bom in 
Uie absence of any such factor. It is a popular 
superstition, and, even were it true, it is not a case 
in point, because it is the mental impression of 
the motbOT which should reappear in the child 
in order that the acquirement should be 
transmitted. If such cases wrae true, they 





would merely prove that state of the maternal 
mind may in some way affect children born 
afterwards, not that an acquired character 
is transmitted. 

The doctrine of telcgony has also Inn'll 
regarded as further evidence in favour of 
transmission of acquirements. A mother who 
has borne offspring to one father is sup)K>8cd 
80 to influence offspring borne subsequently to 
other fathers that the later offspring exhibit 
some resemblance to ihe first father. Tlius, 
a white woman having a child <o a negro is 
supposed to have darker children afterwards 
to a white man. It need only lie said liere that 
the experiments of Professor Cossar Ewart are 
absolutely conclusive against the existences of 
telcgony, and once more that, even were it true, 
there is no acquirement transmitUid, beciiuae 
the mother does not thus become dark. 

The Argument from Disease. Of 

much greaU'r imjiortance is the question of 
disease in relation to lieredily. This is a veiy 
large subject, to which we can rcf<‘r only briefly, 
and by taking certain popular examples. TJiere 
is a widesyiread popular conviction that disoast'd 
parents jiroduce the same disease in their 
children by transmission. The sins, or inis- 
fortunos, of the fathers in this respect are 
thought to Im' visited upon the heads of the 
children. Now, this is a crucial point in ihe 
question of transmitting acquired characters. 
A disease is an a<*quirement. If a disease Iwi 
transmitted, then an oequiremont is transmitted 
also. Once more the error is duo to loose 
thinking and the mixing up of things <*8Hcntially 
distinct. Take one or two well-known diseases, 
supposed by many to lie hereditary. Chiut is 
con8t«,ntly quoted as a case in point. Tulier- 
culosis, or consumption, is said to be transmitted. 

These two will serve as examples. Keep clearly 
in mind that characters arc of two sorts- - 
germinaU orinl>orn; and somatic, or Rcc|u:red. 
Disease is somatic, acquirc'd. The tendcnc}^ to a 
disease, however, is often germinal, or inlMirn. 
That is much the same thing, someone olijc^cts. 
Not at all. A tendency may bti counteracted by 
suitable surroundings, so much so that it may 
never be acted upon. A disease is an ot^tuality, 
an accomplished change in body tissues. 

Inherited •• Tendencies." The mistake 
is in confusing disease M'ith the tend^mey 
to disease, or diathesis. *Some p(*rsons are so 
constituted innately that, if exposed to the 
infection of consumption or to the caus *8 of 
gout, they will dovelop these conditions. They 
have an inherited tendency, and this is inherited 
because it is a germinal character, and nothing 
that they have acquired. 

There is absolutely no evidence that high 
living on the part of the parent influences the 
tendenev of the child to gout, nor that genera- 
tions of tigh living tend to evolve a generation of 
gouty individuflCls. What happens is that if an 
individual comes of a family in which the gouty 
tendency is innate,then under certain conditions 
he will get gout. He will not transmit that gout 
to his chffdren, but they will have the gouty 
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K‘iidcney whether he gets the disease or not. 
Similarly with tubereulosis. which is never 
inborn. The tendency is inborn ant! transmitted, 
and the child acquires the diseiise as the parent 
did. But if the child witJi the eonsumptivc 
inborn diathesis Ih' placed in a good climate 
and not exposed to infection, it will grow up 
healthy lie its parents ever so eonsnmptive. 

It need hardly bo said, except that it is 
little realised, that a child may acquire disease 
while still unborn. But this lias notliing to do 
M'ith heredity. In such a case the child acquires 
the disease from the mother by infection, just, 
as the mother did from some other source. It 
is not inherited, lK*cause it is not germinal or 
inborn. A child would not be said to have 
inherited a bullet which had passed through 
the mother and lodged in a d>‘velof)ing child 
liefore birth ; yet disi'nso is constantly H})o|{en 
of as inherited in this loose way. The incident 
of birth has no hearing on the question of 
heredity. Many things happen lx*fore birth 
which arc not matters of heredity but of acquire- 
ment by the child. An unborn child may take 
smallpox from its mother ; it does not inherit 
smallpox in any real sense of the word, it takes 
it just as it might take it after birth. 

Diseases Spontaneously Inherited. 

The only disoasiai conditions whii^h arc in- 
heriU'd ari' those which are inborn, or ger- 
minal. just as in the ease of any other traits. 
Tlnis, if a child Im* horn liaving six lingi^rs 
instead of five, that morbid condition may 
ap|)ear in the succeeding generations as a 
hereditary character; because its origin is 
germinal, it is a spontaneous variation. So in 
that curious disease called “ h.emophilia, ’ in 
w'hich the sufferers are U*rmed “ bleeders,*’ 
because, if for any reason they begin to bleed, 
it is im])Ossiblc to stop the flow. That disease* 
is truly hereditary, and in a very peculiar 
manner. It occurs chiefly in males, I'emales 
l>cing rarely affected. But the transmission is 
not as a rule, from father to son, but almost 
always through apparently healthy members 
of the female line to the male descendants. It 
is a striking cxam))lc of a trait which can oc 
explained only by the continuity of the germ- 
cells from generation to generation. A Homes 
what similar mode of transmission is seen in 
some other disea 8:jd conditions. Apart from 
heredity there is no known cause of a disease 
such as hnemophilia. and in this case heredity is 
not the original cause but merely the means 
by which the disease reappears. 

The Effect of Disease on the Race* 

If disease, then, Ixj not transmitted as such 
to offspring, what part does it play in the 
process of racial or national evolution ? Wo 
nave answered this, question on a previous 
page in this course [see page 826], to wliich 
reference may again be made hero. Disea-sc, 
if sufficiently widespread to bo a cause of 
selection, operates by causing the survival of 
the fittest — those who have an inborn immunity 
to that special condition or those who have an 
inborn capacity to acquire immunity. What 
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t)io nature of this immunity is we shall see when 
we study bacteriology. * But it may be stated 
at once that were such an acquirement as 
disease transmitted from parents to offspring, 
( hen it follows thv t each succeeding generation 
would l»e more and more diseased until they all 
ultimately perished from it. Of course, no 
such thing happens, the race gradually becomes 
immune or resistant Iroiu natural selection. 

The Caee of Alcoholism. No case 
is more often quoted, or rather misquoted, than 
that of alcohol and drunkenness. Time after 
time we siie it stak'd that the terrible effects 
of drink are to Iw scon in the offspring of drunken 
parents, and that here is a case of transmission 
of an a(^(juircd character. Once more the 
belief is due to ignorance of the facts, and to 
the same error of confusing germinal with 
somatic characters as before noted. There are 
individuals with an inborn germinal tendency to 
iKH'ome drunkards, a true hereditary tendency, 
for which they are not to blame, but for which 
they deserve our iinstinted pity. Whether they 
Miiccumb to this kmdcncy or not, it is handed 
on to their cliildren, generation after generation, 
until the individuals have all been eliminated 
by selection. On the other hand, there are 
others who acquire the di*unkcn habit for 
\arious reasons of environment. They do not 
transmit their acquirement to their children, 
but the children may, of course, acquire it in 
their turn for themselves, just as their parents 
did. So that the offspring of drunkards will 
probably l)c dnmken or solnjr, according to tho 
origin of the parental weakness. As a matter 
of fact, drunkards are just as often the children 
of most 8ol)er parents as they arc of drunkeh 
parents. Iwcause they have acquired tho habit. 

So. also, many sober individuals had drunken 
parents, but because theirs was an acquired 
habit the children escape, or, at least, have every 
opportunity of so doing. True hereditary 
alcoholism is not very common. Dninkenness 
is common because a great many have the 
capacity for acquiring thio habit ; not all, how> 
ever. Many sober persons are so because they 
are comparatively immune, or very resistant. 
Drunkenness is a great selector, and in time 
weeds out the least resistant. So the nations 
which have had the longest experience of 
alcohol are found to be the least drunken — 
the Jews, for example. If acquired habits, 
such as the alcoholic habit, were transmitted to 
offspring, the race exposed to alcohol would get 
more drunken with each succeeding generation, 
which does not happen any more than it does 
in tho case of diseases. We shall return to this 
point in connection with physical deterioration. 

The Argument from Mental Traits. 

Just as physical acquirements, such as big 
muscles and bodily disease, are not trans- 
mitted to offspring, so even more marked^ 
are mental acquirements non-hereditary. We 
are ail too familiar with the fact that we, each 
of us, have to acquire, by long and painful 
steps, the mental traits of ^ose who went 
before us, unless the trait be aa inborn one. 
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Put in the simplest way, oil that wo leam 
individually has to be leanit over again by our 
children, who do not inherit our mental acquire* 
ments. They are use-acquirements, and arise 
through exercise and stimulus, and, like other 
use-acquirements, are not transmissible. But 
the full import of the mental and also the 
moral aspect of the question can be grasped only 
when we have considered the last part of our 
task — ^namely, the evolution of mind, and it is 
to this problem that we must turn our attention. 

Evolution of Mind. A number of interest- 
ing views have been held as to the mode of the 
evolution of the human mind. It is entirely 
beyond our province here to review these — 
some of them will be dealt with when we 
study psychology — we can only indicate tho 
lines which appear to us to have been followed. 
The works of Herbert Spencer, Romanos, Lewes, 
and others must be consulted in order to learn 
what has been the course of thought on the 
subject. 

The problem of the evolution of mind and reason 
has long been discussed from the starting point 
of instinct, and the attempt has often been mad ^ 
to derive the former from the latter. Spencer 
regarded instinct as compound reflex action 
(8(Xi Physiology], and as the forerunner of 
intelligence. Lewes, on the other hand, regarded 
instinct as lapsed intelligence, and, therefore, as 
the successor of intelligence. The one thought 
that no instinct need ever have been intelligent ; 
the other that all instincts must at one time 
have been so. Romanes agrees partly with 
both and totally with neither ; he thinks that 
some cases are accounted for on Spencer’s view, 
some on that of Lewes’s. All three theories 
assume that acquired mental characters ore 
capable of transmission and accumulation in 
subsequent generations. 

Instinct and Intelligence. We are quite 
unable to accept this assumption, which appears 
to us contrary to all the evidence obtainable. 
We do not believe that intelligent action arises 
out of instinctive action which has become too 
complex to be purely instinctive, because some 
instinctive acts, such as the web-spinning of 
spiders, are vepr simple ; we hold that the two 
are perfectly distinct and that instinct does not 
merge into reason at any point. 

There is no more ground for thinking 
that instinct arises from intelligence than for 
thinking that intelligenoe came from instinct. 
Mental acquirements are not transmissible. 

Having arisen in the parent through tlie 
stimulus of use, they do not arise in the offspring 
through the stimulus of nutrition. ... It is 
impossible to understand why the mere co- 
ordination in a ganglion of purely physical 
stimuli should result in consciousness. It is 
equally difficult to understand why the mere 
compounding of reflexes should necessarily 
result in desire, memory, reason. . . . Were 
mental charaoters transmissible, the human 
race would lonp ago have lost — indeed, wou!d 
never have aduev^, that mental plasticity’ 
which is its spooial endowment. Ine stereo 



typed knowledge, beliefs, prejudices, sentiments, 
of the adult would appear in a stereotyped form 
in the child. ... A race that had long spoken 
a given language would speak it instinctively, 
though the children were reared by people 
who spoke another tongue. There would Ih» 
no deaf mutes, for, however deaf, the mutes 
would still talk instinctively. A race that 
lived under conditions — c.gf., the presence of 
alcohol or opium — that adversely affected the 
mind would deteriorate until it perished.” 
[Reid.] 

Acquirements and Instincts. llie 
outstanding phenomenon in the higher evolution 
of min is the extent to which his mental acquire- 
ments have replaced his inborn instincts. And 
here is the essential difference between instinct 
and reason — instinct is germinal, or inborn ; 
rejison is somatic, and acquired. Man has 
evolved an immense power of making acquire- 
ments, and in no part of his nature is this so 
striking as in his mental characters. This power 
is germinal, and therefore transmissible, and it 
is in virtue of it that he has l>ecomc the retisoning 
creature ho is. 

“ With the exception of the desire for rest and 
sleep, when wearied, nearly all his remaining 
instincts ai'e mere incitements to make acquire- 
ments. Men and women endeavour by acquire- 
ments to increase their powers of fascinati(»n. 
The mother learns to tend her olTspring. . . . 

Both sexual and parental love, or, to speak more 
correctly, the capacity to feel them, are acquire- 
ments. It is very doubtful whc*ther the human 
male has any ‘ natural affection ’ for his children. 
He acquires his love for them as he may acquire 
a love of country, or of a particular religious 
system, through the incitements of his imitativ(‘ 
instincts. It is notorious that the custom or 
fashion prevailing in any race or class largely 
determines w'hethcr the men and the women 
composing it shall be good or bad parents ; 
whether they shall tend or neglect their children. 
Many races, ancient and modem, savage and 
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civilised, have practisisl infanticide without 
pain or compunction. . . . Sexual love, as 

idealised among modem Western nations, is 
plainly an acquirement. It is quite a rt^cent 
character. . . . Ancient communities showini no 
trace of it, and many imKlern communities show 
none. ... An apprt'ciation of sexual beauty is 
supposed to Ik' instinctive in human iKungs, hut 
in a ^eat measure it. also, is plainly a matter of 
a^'quirement. . . . Female heads ilevoid of hair 
are much admired in parts of Africa, as are shaven 
male heads in some other lands. . . . Modesty is 
supposed to bt* an instinct. . , . But the baby has 
no trace of it, and apparently would not devedop 
an iota hut for his imitative faculty. Various 
savages have no more modesty than a lower 
animal. Only those races that wear clothes an* 
modest — at any rate, in the (’hristian or 
Mahometan sense. ... A manifest tradition, a 
mere acquirement, modesty has heidmc stronger 
than any instinct. . . . Tlu' Turkish woman is 
modest about lier face ; tlic‘ Knglish woman 
delights in displaying it. . . . 

Morality an Acquirement. ' Morality 
is said to lie an instinct, lint there is no evi- 
dence that any human individual or race ever 
possessed any morality, exeiqit such as was ae- 
4juired through the imitative faculty, or, in rarer 
eases, through reasoned thought. Tlu^ extra- 
ordinary diversity of moral systems ... is 
conclusive evidence that morality is no other 
than an acquirement. . . . 

“ Fear and liatc are said to instincts. As a 
fact, in man, they are aequirt‘d emotUms. Th(‘ 
adult fears or hates nothing except that which 
he has learned to fear or hate. . . . Tlu‘ 

new-hom infant neithiT ftnirs nor hates any- 
thing.” [ Archdall Reid, j 

These copious quotations from Dr. Reid’s 
recent work show that most of tht‘ so-called 
instincts in man are really mental aciiuirements, 
and it is in the immense power i.ossessed 
by man of making these acquirements that 
he differs from the merely instinctive animals. 


Continued 
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^•hkih the current is supplied, we cau find 
(approximately) how many amperes any motor 
will take by dividing the number of watts it 
consumes when at work by the number of volts 
of supply. Thus, if we wanted to know how 
many amperes would be taken by a motor for 
blowing a large organ in a town where the 
voltage of supply was 22f) volts, we observe 
from the table that we shall want a 2 h.p. 
blower, consuming 2 x 74(5 ~ 1,492 watts, 
llien dividing 1,492 by 220, we find as the 
necessary current at least fi*78 amperes. A 
fan motor of h.p. — that is, 74 fi watts — 
if the supply is at 100 volts, will take alnviit 
74*6 -i- 100 - 0-74() amperes. 
or a little more than an 
ordinary incandescent lamp. 

Asa matter of fact, in each 

case the current will bt* a \ 

little more than that calcu- f 

lated, l>ecause of the slight 

loss i)y friction in the motor 

itself. f 
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Cost of Motor Power. „ 

Tliis obviously depends on flux in 

the price of electric energy i^ad 

per “unit.” The “unit” by whieh energy is 
charged is l,0fK) watt -hours ; and the charge per 
“ unit ” varies in England from 1 Jd. to 4d. to 
retail customers. Suppose a small factory to 
require a 20 h.p. motor, whicli is sometimes 
running full load, somelimes at a smaller load, 
but which averages 15 h.p. during a working 
week of 64 hours. Assume also (allowing 
(*ight days complete stoppage for holidays, 
besides Sundays) that there will be 51 working 
weeks in the year, the cost of power will be 
caleulatf*d thus; Multiplying 15 by 74G, we gat 
11,190 watts, or 11*19 kilowatts, as the average 
power. In one working week the number of 
“units” consumed will be 1T19 x 64 — 

716*16; and in one year will 

be 51 X 7 16- 16 - ,*16,524 \/ ^ 

units. At IJd. per unit, this 
amumts to £228 10s. 6d., 

whereas had a small steam- V 
engine been used th»' cost f 
would have been over £300. 

The Propelling Drag. / 

The drag which the magnetic C f 

field exerts upon the con- \ 

ductor which caiTiw the g, FL 

current is illustrated dia- ^ 

grammatically in 87. This 
represents the pole of one of the electromagnets, 
a north pole of nearly square shape, with its 
invisible magnetic lines radiating out of it. In 
front of this pole there lies a copper conductor 
carrying an electric current, which is repre- 
sented as flowing from* us along the wire. 

Then it is experimentally found that this wire 
is acted on by a force which is neither an 
attraction toward the pole nor a repulsion 

from it, but a mechanical drag tending to 
shift the wire 8 idewa 3 rs to itself, and upwards 
past the pole. If the pole were a south pole 
instead of a north pole, the dragf on the current 
coming toward os would be downward instead of 
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upwaixl. If the |>ole weie still a north pole, but 
the curient had bmi reversed in diiection so as 
to flow towards us instead of from us, then the 
drag would be dto^nward. Reversing the sense 
of either of the two elements (the magnetic 
field or the current) reverses the direction of 
the mechanical force. But if both were reversed 
at once the mechanical force would still be 
upward. 

CalculatTon of Force on a Con- 

ductor. The formula for calculating the 
amount of force acting in such a ease is this. 
Let the symbol B stand for the flux-density— 
that is, the number of lines per square ineh at 
y the pole surface ; for the 

current (am})eres) carried by 
wire; /, the length of 

^ cTossing the flux, being 

C flu* same as the length across 
force 

/, in pounds, with which the 
X wire is urgc<l across tlie pole, 

) Ol given by the rule : 

/ = B X (*, X / f 11,303,()(K). 

X IN MOTOR AT (^Xailiplc, if B 

45.(HM) lines f)cr square 
ineh. (*, 10 amperes, and / 5 in., then / - 

45,(KM) X 10 X 5 : 11.3i)3.01)0 ^ 0199 Ih. 

In some old patterns of motors the 
armatures had HmrK)Ui iron (^orcs, with the 
copper windings lying on the outside of them, 
bound on by binding wires. In such cases 
the copper winw w(*rt* drnggt*d by the action 
of the magnetic^ li(4d, and this drove the 
motor. For instance, if in some such 
motor the drag on each wire had been, os 
calcuiatid above, about one-fifth of a jx>und, 
and if there had hc(*n 400 hu(4i wires passing 
under the various p(>lcs, tlic total peripheral drag 
tending to turn the arm itun^ would have been 
equal to 80 lb. But in modern motors, the 
anniture cores arc always 
built up of toothed conj- 
discs, and the copper wires 
(properly insulated) are 
y wound in the slots between 
I the teeth. In that ease, the 
prf>P^4ling drag docs not 
“v. upon the copper wires, 

1 m i c’omes upon the iron 

} ^ teeth, a id drags them round. 

XN MOTOR WHEN '”«• « 

just the same as if it came. 

on the wires, but the mechani- 
cal construction is far better, as the wires are 
protecttxl from displacement by being sunk in 
the slots. 

Magnetic Drag. Wo may regard the 
propelling drag in the motor os the result of the 
magnetic reactions between the field-magnet 
poles and the armature. We know [see page 560J 
that there is always a tension along the invisible 
magnetic lines, wnich act as though they tended 
to shorten themselves. Now, suppose we repre- 
sent, as in 88, two of the poles of a 4-pole motor 
and the piece of the armature opposite them. If 
there is no current in the armature, the magnetic 
lines from the poles will cross to the iron teeth 
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of the armature nearly straight across the dear- 
aoce, and each pole will pull directly at the teeth 
opposite, and this pull will not tend to drive the 
armature either wav* But if, as in 89, the arma- 
ture wires are carding currents (the dots and 
crosses represent currents coming towards or 
from us, as explained on pr^ge 1321), then the 
m^netic lines will be distorted, as shown, and 
will cross the gaps obliquely to the teeth ; and 
in that case there will obviously be forces 
tending to drive the armature and make it turn* 
Torque* or Turning Moment. The 
mechanical tendency to turn anything around 
an axis of rotation is called by engineers the 
torque. It is also called the turning moment, 
or angular force, or couple. The torque, or 
turning moment [see Mechanics] due to any 
force is equal to the product of the force and its 
leverage. Thus, if a force of 10 lb. acts with 


meant the number of radians (one radian being 
the unitangle in circular measure, seeGsoMSTRY) 
per minute, and ig calculated by multiplying the 
number of revolutions per minute by 2r ( =6*28). 
Thus, a body revolving at 000 revolutions per 
minute has an angular speed of 6*28 x 600 = 
3,768 radians per second. We may take as an 
example of both ways of calculating power the 
case of a motor armature 9 in. in diameter, 
having a total peripheral force of 134 lb., 
and revolving at 600 revolutions per minute. 
How much power is it giving out ? The radius 
is 44 in., or 0*375 ft. ; then, multiplying the 
peripheral force of 134 lb. by the leverage 
of 0*376 ft., we see that the torque is just over 
50*25 pound-feet ; and 50*25 pound-feet multi- 
plied by 3,768 radians per minute - 189,342 foot- 
pounds per minute, which, divided by 33,000 to 
bring it to horse-power, gives 5*75 h.p. Or, 
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a leverage of 2 ft., there is a torque, or turning 
moment, of 20 pou,nd~feH. The name of ono 
pound- foot is given to that amount of torque 
which is exert^ by a force of 1 lb. acting at k 
radius of 1 ft. 

Those not familiar with precise soientiho 
terms must not confuse between 1 pound-foot 
of torque and 1 foot-pound of work ; for the 
pound-foot, which is a turning effort, is the 
product of a force exerted tangentially, into a 
length at right angles to it — that is, radially ; 
whereas, the foot-pound, which is the work done 
in a movement, is the product of a force into a 
length in the same direction as itself. 

Speed, Torque, and Power. Power, 
being a piquet of effort and speed, expressible 
in foot-pounds per minute, may be statSi in two 
ways ; either (1) as prcgluot of torque and 
an^lar speed, or (2) as product of peripheral 
force and surface speed. By angular spM is 
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calculating by the second method, the surface - 
speed will be equal to revolutions per minute 
( = 600) multiplied by circumference ( = 0*75 x 
3*14 = 2*366 ft.), and is therefore 600 x 2 366 
— 14,166 ft. per minute ; and, multiplying 
this by the peripheral force of 134 lb., gives 
as the power 1,416 x 134= 189,342 foot-pounds 
per minute, or 5*75 h.p., as before. 

A Modara Motor. Let us study a 
modem motor, such as is depicted in 90 and 91, 
capable of giving out, when tested by a brake, 
5 h.p., when running at 600 revolutions per 
minute, and so wound as to be suitable to work 
on mains supplied at 220 volts. 

Now, we know that if it is to give out actually 
5 h.p. it must actually receive more than ilia 
eqoival^t electrically, because of the inevitable 
kieses due to friction, armature Imating, and 
the like. If wf eetimate Uiese losses at, say, 15 
per oait., tlie motor must receive from the mains 


the equivalent of 5 75 h.p. — that is, 5‘75 x 
746 = 4289*5 watts. Now, dividing the watts by 
the volte gives the amperes ; or 4^9*5 -t- 220 
19*5 amperes will be the current it will take 
from the mains. 

The construction of this motor is as follo>%’B. 
There are four poles, each 
liavinga flux of about 1,180,000 
magnetic lines, and as the 
surface of each pole is about 
26 sq. in., the flux density at 
the pole-face is about 45,000 
lines per sq. in. Tlie armature 
core is built of toothed core- 
discs, like 67 f page 1 106], 9 in. in 
diameter to a length of about 
5 in. They have 31 slots, 1 in. 
deep. The armature coils are 
former- wound, like 55 [page 
1105], 15 wires being tapt*d 
together in each coil, and the 
coils assembled two-dt^p in 
the slots, as in 62, so that 
each slot carries 30 wires. 

The coils, bent like the one marki'd 
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ABC, are 

fitted in symmetrically, and fixed by wedges and 
binding wire. This makes the total number of 
wires around the armature 930, 
of which not ihoro than about 
670 arc at any one time 
actually passing under / 

the poles. The group- '■ 

ing of the coils con- 
stitutes, as explained on 

f )age 1323, a series-paral- 
el winding with two circuits 
through the armature, like 68 
I page 1323]. At full load, each 
wire, therefore, carried 19*5 -f- 
2 - 9’76, or nearly 10 amperes 
on the armature may be calculated os though 
it came on the wires, and, according to the rule 
laid dowTi above, will bo 
45,000 X 10 X 5 -f-1 1,303,000 ^ 

^ 0199 lb. per wire, or J8” * 

about 6 lb. per tooth ' 

under the poles, or in total 
about 0 1 99 X 670 = 134 lb. 

The commutator has 93 
segments, and is 8 in. in 
diameter. The field-mag- 
net coils consist of 1,200 
turns each of a fine ^ 
wire carrying about one 
ampere. 

Pig. 93 shows a view of 
an armature of such a 
motor w’ben completed, 
and 94 gives an external 
view of the whole machine. 

Small motets under 5 h.p. 
are often made bipolar, 
with field magnets like 45 or 46 [page 1104]. 

Protected and Enclois^ Motors, 
^metlmes motors are left entirely open, and 
then they resemble the 4-pole dynamos depicted 
in 44 [page 1104]. More often now they are 
built with end-shields which support the 
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bt'arings, and thus proioot the armature ends, 
the commutator, and the brushes, such forms 
being descril)cd as protecied motors. Others 

are enclosed by having the spaces in the end- 
shields covered with perforated metal ; while 

others, again, are U)lallp enclosed, to enable 

them to ho uscid in factories 
where an explosive gas or 
combustible dust is present 
in the air. As enclosing a 
motor prevents the cooling 
of the internal parts by 
access of air, they hav(‘ to 
be given a lower rating ; 
thus, a motor which, if open 
or only protected, was rated 
at 5 h.p., could only hi* rat(‘d 
at 2j or 3 li.p. if totally 
enclosed. 

Voltage and Speed of 
a Motor. There is a fixed 

relation lietwavn the voltage 
applied to a motor and the 
8|)e(^d at which it runs, 

provided tlie magnetism of its poles lemairiH 
constant. For if we regard the revolving 

armature, as on page 1591, as acting like that of 

a dynamo, we may calculate 
what voltage its conductors 
will create by cutting the 
magnetic lines. 
Every motor 
< does this, and 

. ■ * n 0 (^ e H « a r i 1 y 

lireates a bark- 
voltage which can, how- 
ever, never Ix^ greater than 
that which is applied to 
its armature. In fact, every 
motor tends to run up to such a speed that it 
generates a bock -voltage equal to that part of 
the actual voltage that is applied to its arma- 
ture. If a resistance Ix) 
introduced into tlie arma- 
ture leads, this will, of 
course, reduce tlio amount 
of voltage that is available 
at the armature, and reduce 
the speed. By the rule on 
page 1324, this motor, with 
a flux of 1,180,000 linos per 
pole, 930 conductors, 4 
poles, 2 circuits, and a 
speed of 000 revolutions 
per minute, will generate a 

u I u . 4 600 

bock voltage of x 


’? I . 


98 . ARMifrURE OF MOTOR 
The drag - 





2 60 

X 930 X 1,180,000 *+- 
100,000,000 = 220 volts, 

equal (when the motor is 

COMPLETE MOTOR OF 5-HOB8B POWER light, at top Speed) 

to the volta^ of supply. If 
load is put on the speed will drop a little, the 
back-voltage will drop correspondingly, and 
therefore automatically, and more current will 
flow fiom the mains to drive the load. At full 
load with this motor the speed dro^ to about 
570 revolutions per minute, so that the back- 
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voltage drops to aliout 210 volts. By weaken- 
ing the magnetism ^of the field magnets of the 
motor it will run faster^; f>y Orengthening U iht 
motor will run slower. This property is made 
use of to regulate the 'epe^. 

Starting of Motors. The <}urrent must 
not bo turned on all at once on to a motor 
when it is to start. For when the armature is 
standing still it exercises no back volts, and 
there would be a rush of current several times 
greater than the proper full-load current, and 
the motor might be overheated or damaged. 
Connequontly motors are ananged with startiny 
devices, consisting essentially of arrangements 
of resistance wires on suitable frames with 
handles for moving contacts, by which various 
amounts of resistance can be first introduced 
into the circuit and afterwaids cut out as the 
motor gets up speed. 

Fig. 96 represents diagrammatically a starter 
in common use. The current on its way to the 
magnet windings is taken round the coils of a. 
small electromagnet at A, so that when the 
switch arm is moved to the full “ on ” position 
it is held there, against a spring, by attracting 
the soft iron armature B. Should the current 
fail to pass through the exciting circuit of the 
lield magnet by any break of the connections, the 
cleetromagnot A at once releases its hold and 
the spring pulls the lever bock to the “ off ” 
position, thus protecting the armature from 
any abnormal rush of current which might burn 
it out. 

Sometimes motors are fitted with an overload 
release which ontomatically releases the con- 
trolling lever if the motor, by getting jammed, 
takes an excessive current from the mains. 



98. MOTOR STARTER, WITH AUTOMATIC DEVICES 
FOR OVERLOAD AND NO-LOAD RELEASE 
(British Thomson-Houstoa Co. 


Fig. 96 depicts an actual motor-starting 
panel fitted with overload and no-load release 
devices. Many motors, especially those for 
lifts and large printing machines, are fitted 
with brakes to bring them quickly to rest when 
desired. 

Variable Speeding bf Motors. To 

enable a motor to operate at different speeds 
there are different devices. One of these is 

to introduce 
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into the main 
path of the 
armature cur- 
rent more or 
less resistance. 
This reduces 
the voltage 
that is avail- 
able at the 
brushes, and 
therefore,other 
things being 
the same, re- 
duccs the 
speed at which 
it tends to run. 


But this device is not economical, as it wastes 


energy in heating the resistance. In the case of 
shunt motors — that is, those having their field 
magnets excited in shunt circuit from the mains 
— it is usual to introduce a variable resistance 


into this shunt circuit, whereby the amount of 
exciting current, and therefore the amount of 
magnetism, can be reduced to raise the speed, 
or increased to lower the speed. This is an 
economical method, and is often combined witli 


the former plan. In the ease of series motors — 
that is, those having their exciting coils in 
♦ series with the armature, the field-magnet coil 
can itself lx* shunted through a resistance to 
reduce the excitation and so raise the speed. 

Another plan often adopted in factory 
driving is to provide an electric supply with 
several sets of distributing mains at different 
v’oltnges, so that the voltage applied to the 
armature of the motor can be altered at will. 


There is yet another plp.n — namely, to gefi,r 
together two motors, which can be worked 
either in series or in parallel. 


Motor Gearing. Frequently motors 
must Ik* geared down in order that a small 
high-speed motor may be used instead of a 
large slow-speed one. An example of such 
gearing is shouTi in 97, which represents the 
toothed wheels often applied to reduce the 
sjM*ed. Another example is afforded by 98. 
which depicts a Tangye lathe driven by belt- 
gearing from a motor which itself runs at a 
higher speed than the lathe. 


Motor Equipments. In the different 
trades the requirements of motors differ much. 
In the printing trade, for example, the motor 
which drives the printing-press must be able 
to run quite slowly — say at ten to fifteen 
revolutions per minute only — when making up 
or tiireoding, but must run very quickly when 
in ordinary work. So, in such cases, there must 
be a special motor for each machine. On the 
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otW liaad, in textile fact^Mrieft, where a very 
uniform speed of driving is required for the 
looms and spinning maohums» it is common to 
tind lines of shaftmg each driven by one large 
motor, while the individual looms are driven by 
belts from the shaftmg. 

Motor Driviing in Factories. In 
engineering factories, if each machine-tool be 
driven by a separate motor, the speed of each 
can be that best adapted for the particular tool. 
For milling cutters, planing machines, and 
slotting machines, the range of variation of 
speed is seldom greater than from 1 to 2 ; 
whereas on lathe- work much wider variations 
of speed are needed. When the lathe is used to 
turn up a wheel it must run slowly ; when itds 
turning a shaft it must run quickly. Hence, 
electric driving with variable-speed motors has 
distinct advantages. Moreover, the long lines 
of shafting which used to be seen in all engineer- 
ing factories waste much power in useless 
friction. By abolishing these, and putting 
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SPEED RKDITCINQ (JEAR FITTED TO MOTOR 
(Peebles A, Co.) 
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98 . TAXOYE LATHE DRIVEN BY AN ELECTRIC MOTOR 

cslcotric motors to drive the various tools, a 
great saving in power can be effected. 

Electric Cranes, So great are the 
advantages of the electric motor as applied to 


travelling cranes, that practically all travelling 
cranes now made for factories are driven by 
electric motors. (Vanes 

for shipyards, docks, 

and railway loading are 
often now electrically 
driven. Motors for electric 
cranes are not required to 
run at a uniform sfUH'd ; 
and as they are used inter- 
mittently, with periods of 
rest in between, it is usual 
to allow them to be de- 
signed with thinner copper 
conductors and smaller 

cross-sections of iron than 
arc considered permissible 
in other motors. As a 
consequence they heat up 
more quickly when the 
current is -switched on ; 
but they have time to cool 
dowui again. 

Alternating Current 
Motom. For single-phase 
alternating currents motors 
can be used with com- 
mutators of design very 
similar to ordinary motors, 
but the whole of the iron 
parts must be laminated, except the external 
frame and iR^dplatc ; and special means 
must bo adopted for securing sparkless com- 
mutation. 


Continued 


1595 



Group 6 

THE LAWS OF COMPOUNDS 

CHEMISTRY 

11 

The Wotk of John Dalton and of Democritus, the First Atomist. The 

from 

U4X 

Preparation of Compounds. Water. Hjrdrochloric Add. Ammonia. Salt 


By Dr. C. W. SALEEBY 


LJ A VING completed, »o far aB is poBBible, our 
* * diMCUBsion of the elementa, but deferring 
our consideration of the irio^t remarkable of them 
all— radium — whicjh raises so many new ques- 
tions, we now pass on to the study of com|wunds 
in general, and mnsi discuss some of thost^ simpler 
inorganic compojnds which are of great import- 
ance, l>ut have not hitherto bc^en adequately 
dealt with. We have already discussed the 
difference betwe<*n a compound and a mixture. 
We saw that a mixture, such as the air, consists 
of a numl)or of molecule's, each of which is 
composcid of sirpilar atoms, wherc'as the esscmtial 
character of a compound is that it consists of 
mol(?cules comjiOMccl of dissimilar atoms, mole- 
cules in which the atoms of one ehmumt go about 
in the company of the atoms of one or more 
other elements. Our conception of the real 
meaning of the word “compound” dep<*nds 
upon our conception of the meaning of the word 
“ mol©c!ule.” Furthcrmoiv', we are alix'ady familiar 
with thos(' formulas which express the numl>er 
and kind of atoms that go to compose the mole- 
(mles of certain compounds ; while we have 
alrea<ly noted the facts that when elements 
unite to form compounds, they do so in fixed 
proportions, that any given compound always 
contains the same elements in the same pro- 
}K>rtion8, and that thus the most obvious fact 
which distinguishes a compound from a mixture 
— the fact from which the others have been 
inferred — is the fact of definite composition. 

The Atomic Theory. The real mean- 
ing of all these facts was most clearly under- 
stood and formulated by John Dalton, who 
must be regarded os the modern founder of 
the atomic theory. We must insert the 
word “ modern,’' because there was an illus- 
trious Grtwk named Democritus, who flourished 
in the fifth century before Christ, whom 
we must regard as the first atomist ; and 
his views upon the ultimate atomic structure 
of matter have received expression, which is 
secure of immortality, in the magnificent j>oem 
De Rerum Natura (“Of the nature of things ”), 
written by the Roman Lucretius, who lived in 
the first century before Christ. But, of course, 
thei'e is all the difference in the w'orld l>etween 
the splendid imaginative efforts of poets and 
philosophers and the soientific establishment 
of their theories. As has been wry well said, 
“ he discovers who proves." And from our 
standpoint as students of chemistry, it is 
necessary to pay much more attention to 
John Dalton than to Democritus or Lucretius, 
though wo may be prepared to admit that their 
genius wuks in many ways incomparably superior 
to his. He it was, at least, who removcJd the 
atomic theory from the realm of speculation 
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how’cver brilliant or sublime, and established it 
as the logical basis of modem chemistry, which 
we may thus assert to be only a century old. 

John Dalton. This remarkable man 
was bora at Manchester, of a Quaker family, 
in the year 1766. By profession he was for 
some time a schoolmaster, but he is an instance 
oT that type of mind which no circumstances 
can prevent from occupying itself with scientific 
inquirj\ He studied plants and the weather, 
mathematics and physics, and turned to excel- 
lent account the infirmity of colour blind aess. 
from which he himself suffered. So important 
WHS his study of this malady that it is often 
known as Daltonism. The great work of his 
life, however, was the product of his maturer 
yeaiK, and his “New System of C’hemical Phil- 
osophy." which is a classic, began to appear in 
18()8, its chief theory having been propounded, 
however, in 1804. 

Splitting the Atom. We have already 
seen that the atom can no longer Ix^ 
thought atomic, and that the smallest 
simplest, and lightest atom known is in reality 
a microcosm relatively as complex as the solai’ 
sy-item. Hence, some critics have too hastily 
said that the whole structure of modem 
chemistry, founded by Dalton, has been swept 
awny at a blow. That, however, is simply 
nonsense. Even though we have had to 
modify profoundly our conception of it, yet wc 
are still al>solutely certain that there is such an 
entity as the atom, which, like the solar system, 
has a unity of its own, and of which the facts 
asserted by Dalton are true, even though we 
can no longer regard the atom as indivisible. 
It is an admirable instance of unity in multi- 
plicity. The name of Dalton, w ho died in 1844, 
has in no senile been deposed from its illustrious 
place in the history of chemistry, and his 
atomic theory, though necessarily modified, 
stands now’ upon a basis so firm that it can 
never be shaken. Having done some brief 
justice to this great genius, to whom, more 
than to any other man. we ow e the intelligibility 
of our subject, and having, thanks to him, a 
clear understanding of what is meant by a 
comi)ound, even w’hilst remembering that the 
elem'jnts themselves can no longer be regarded 
as elementary, lot us pass on to the consideration 
of compounds in general, thre kinds of elements 
w hich notably form them, and the principles of 
their artificial preparation. 

The Most Important Compounds* 
The most important compounds are composed 
of certain elements which may be named. In 
the first place there are the halogens — ^we wiU 
not pay the leader the poor compliment of 
naming them again — which, as the word implies. 




t«nd to form salts. Their compounds are 
called halides. Then there are the two elements 
which we treated together, oxygen and sulphur, 
simple compounds of which, with other elements, 
are called oxides and sulphides. Carbon also 
forms simple compounds with other elements, 
which are called carbides, whilst those of 
nitrogen and phosphorus are called nitrides and 
phosphides. TOe reader will observe the uni- 
formity of the terms, which all end in “ide.” 
and which indicate compounds consisting of 
the element in question with one other element. 
When we have double com^unds, such as 
calcium carbonate CaCO.j, different termina- 
tions are employed; the compound is called, 
not a carbide, but a carbonate. 

Preparation of Compounds. Countless 
compounds occur in nature, but these can be 
artificially prepared in the laboratory, and 
recent chemistry has also been able to prepare 
thousands of compounds which do not occur in 
nature at all. 

The first and simplest method is obviously 
that of direct union — as, for instance, when, as 
we saw on page 692, oxygen and hydrogen 
combine under the influence of the electric 
spark to form water. The commonest instances 
of direct union are cases of oxidation, which has 
already been defined as combination with 
oxygen. As a rule, light and heat are produced 
when this occurs, and in such cases we apply 
the term combustion to the process. Very 
nearly all cases of combustion are oxidations. 

(If the reader is also studying the course on 
Physics, he will remember the doctrine of the 
conservation of energy ; he regards heat and 
light as instances of energy, and the doctrine 
teaches him that these are not created out of 
nothing during combustion. Where do they 
come from ? The answer is that they are the 
equivalents of the potential energy contained 
in the atoms of the combining elements before 
they combined — a, potential energy which 
they no longer posesss when their affinities 
for one ano^er have been satisfied. It has 
left them in the form of light and heat. Com- 
pare what was said in a recent section of the 
general tendency of chemical processes.) 

Combuation without Oxygon. But 
there are instances of combustion in which 
oxygen is not involved. Hydrogen, for 
instance, will burn in chlorine, and so will 
many other elements ; and, as we should expect, 
certain elements furnish instances of combustion 
with sulphur, which, in this respect again, thus 
resembles oxygen. The second instance we 
have already seen illustrated when we dealt 
with the preparation of elements. For when 
we turn an element out of one of its compounds, 
a process which we saw to be one of the recog- 
niW methods, we form a new compound. For 
instance, when sodium turns hvdrogen out of 
water, s^um h 3 rdroxide (NaOH) is formed. 

Compounds are also formed when other com- 
pounds are heated ; when, for instance, we heat 
calcium carbonate, which is a double com- 
pound, we get two simpler compounds, carbonic 
acid (CO 2 ) and quicklime (CaO). Double 
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decomposition is the last method we need note, 
and a very important one. The name prac- 
tically explains itself, and implies the change 
which occurs when two compounds exchange 
partners, so to speak. It is of use when one of 
the new substances produced is spontaneously 
separable from the other, either because it ig 
volatile, and so passes off, or because it is in- 
soluble, and thus separates in solid form, or 
is precipitated, to use the technical term. 
An excellent instance is furnished by the change 
which occurs when solutions of common salt 
and silver nitrate are mixed with one another. 
This is also of interest in explaining the fact 
that common salt, in virtue of this change, 
is the best antidote when silver nitrate has boon 
swallowed. The formula of silver nitrate is 
AgNO;„ and we may regard the compound as 
consisting of two parts, one the metal and the 
other the group of atoms, NO.;. When this 
interacts w'ith common salt, the formula of 
which is NaCl, partners are exchanged, the 
NO.J group going with the sodium, and the 
chlorine with the silver. The chloride of silver 
formed is insoluble, end can be separated. 
Being insoluble when formed in the stomach 
by the administration of sodium chloride in a 
case of silver nitrate poisoning, it is harmless. 
The following equation represents the double 
decomposition : 

AgNO.; -I- NaCl - NaNO;. -1- AgCl. 

(Silver nitrate plus sodium chloride equals 
sodium nitrate plus silver chloride, insoluble.) 

We may now consider some important com- 
}>ounds which demand separate treatment, and 
of these the first is the most important com- 
pound of all, water. 

Water. This covers much more than half 
of the earth’s surface, is contained in greater 
or less degree on w^hat we call the dry land, 
occurs as ice and snow in many parts, is always 
present in greater or less quantity in the at- 
mosphere fsec Physics], and in its liquid form 
is an essential constituent of all living things. 
Chemically considered, even an Aristotle or a 
Shakespeare is about four- fifths watcT, a fact 
which is of interest to the chemist, but also of 
interest as showing how ridiculously inade- 
quate, from the point of view of the jMjychologist 
and the philosopher, is the merely materialistic 
estimate of man. 

We have also seen that water occurs in abun- 
dance in a less obvious form as water of 
crystallisation in many crystals. 

This compound may be prepared, as we have 
already seen, by the direct union of oxygen and 
hydrogen, and by others of the methods of 
preparing compounds mentioned above. Most 
of the remarkable physical characters of water 
have had to be discussed in the course on 
Physics — such, for instance, as its freezing and 
boiling point, its remarkable specific heat, its 
peculiar behaviour in relation to its density at 
low' temperatures, its latent heat, and its rdle 
in the atmosphere. 

For the chemist, water is the shnost universal 
solvent. There are very few substances indeed 
— solids, liquids and gases alike — of whidi a 
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tiny proportion at leant in not noluble in water, 
the rule being that solicU are more soluble in 
hot than in cold water. The nature of hard 
and soft water waadiscuased under “Calcium*’ 
[page 844 ]. We saw in our first section that 
the discoveiy of the compound nature of 
water, regarded as an element since the days 
of the Greeks — since the dawn of thought — 
stands to the credit of Henry Cavendish, w*ho 
made this most important discovery in 1781 . 

Hydrochloric Acid. This very im- 
jKirtant acid, to which we have made incidental 
references, may be compared with water, in 
that it is a com}X)und of hydrogen with another 
element. Its formula is H("l, only one atom of 
hydrogen being necessary for one atom of 
chlorine, each of these elements being one- 
handed or monovalent. We are very apt Uy 
think of hydrochloric acid as a liquid, but it 
is really a gas somewhat heavier than air, and 
is often looktKl on as a liquid In^cause it is 
extremely soluble in water, which is able to 
dissolve seven hundred times its own volume 
of this gas. An older name for hydrochloric 
acid, still quite frequently seen, is muriatic 
acid. The gas is occasionally found in nature 
near volcanoes, but this source is of no practical 
importance. It may be prepart'd in many ways — 
such, for instance, as the direct union of gaseous 
hydrogen and chlorine, or by the action o'* 
sulphuric acid on common salt. This is an 
instance of double decomposition. The follo\t* 
ing is the equation that represents it : 

NaCl 4 H.SO^ -- NaHSOj i- HCl, 
the hydrochloric acid being given off as a gas, 
and the acid salt called acid sodium sulphate or 
hydrogen sodium sulphate (NaHSOJ being 
formed. We may make a mental comparison 
between the formula of this salt and that of what 
we may call normal sodium sulphate (Na.^804). 
The acid salt is so called because, as the reader 
will see, only one of the hydrogen atoms of the 
sulphuric acid has been replaced by sodium in 
the molecule of the acid salt. 

Hydrochloric acid, in the form of its solution 
in w'atcr, is a very powerfully acid and corrosive 
liquid, having the typical properties of an acid. 
It is largely made as a preliminary to the 
making of sodium carbonate or washing soda. 
The acid is a powerful antiseptic, but is used for 
this purpose only within the human stomach. 
It is an extremely remarkable fact that this 
potent acid may be regarded as one of .the 
natural antiseptics of the body, w’hich produces 
it for itself, as we shall now see. 

Hydrochloric Acid in the Stomach. 
Hydrochloric acid is a constant and necessary 
constituent of the juice of the stomach, in 
which it plays two very important parts. The 
first, which is generally recogmsed, is to aid 
in the digestion of the most important kinds 
of food stuffs, which are called proteids. The 
second, the importance of which is only now' 
beginning to be appreciated, is to act as an 
antiseptic. It has been shown that there are 
many kinds of diseases, the microbes of which 
cannot survive in gastric Juice, and which can 
attack us only by entering the IxKiy elsewhere, 
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as through the lungs, or passing through a 
stomach which is out of order. 

But these are matters hardly of chemistry. 
The really amazing fact for the chemist is the 
mode of production of this acid by the w^aU of 
the stomach. Its source, as in the ordinary 
commercial process, is sodium chloride (NaCl). 
This is one of the firmest and most stable com- 
pounds that we know. In order to decompose 
it and form hydrochloric acid the manufacturer 
finds it necessary, in the first place, to employ 
the most pow'erful of all known acids — sulphuric 
acid — and in the second place to use great heat, 
so as to permit of the decomposition. 

Chemical Power of Living Celle. 
But in the human body there is no sulphuric 
acid, nor is there anything like the heat which 
the manufacturer employs, yet such is the potency 
of the living cells in certain of the glands 
in the w'all of the stomach that, in some way 
which w'e have not yet begun to understand, 
they are able to decompose this firm compound, 
sodium chloride, without the use of any i)otent 
acid and at the mere temjierature of the blood. 
This decomposition seems to the writer to be, 
perhaps, the most amazing of all proofs of the 
chemical power of the living cell. The proof 
of this jK)W'er that is most often quoted is the 
remarkable decomposition of carbonic acid 
((*0^,) in the atmosphere by means of the living 
colls of the green leaf — a decomposition w'hich 
was referred to when we w^ere discussing the 
future of the atmosphere and the role of carbonic 
acid in it. The necessary agent in this decom- 
position is the green matter found in the cells 
of the leaf, which is called chlorophyll. Now', 
carbonic acid is a compound even firmer than 
sodium chloride, and the temperature at which 
the leaf decomposes it is far lower than that of 
the blood. Hence it would appear as if this 
decomposition were more remarkable than the 
formation of hydrochloric acid in the stomach. 
It looks as if the chlorophyll of the leaf w'ere 
to be regarded as a sort of ferment — one of those 
extraordinary substances which have the power 
of producing chemical change, though themselves 
remaining unchanged. But Sir James Dewar, 
in conversation w'ith the wTiter, observed that 
this is not the w’ay in which we should look 
upon chlorophyll ; rather should w'e regard it 
as a means of condensing or, to use an excellent 
metaphor, focussing the sunlight which — and not 
the chlorophyll — is the essential factor in the 
process. 

The Energy of Sunlight. The energy 
by which this firm compound, carbonic acid, is 
decomposed is thus the tremendous energy of 
sunlight, suitably utilised, adapted, condensed 
(whatever word we may use to veil our ignorance) 
by means of the chlorophyll of the living cell. In 
the case of the decomposition of the sodium 
chloride in the cells of the stomach, however, 
sunlight is neither available nor necessary. The 
work is effected, not by the transformation or 
utilisation of the solar eneigy, but by means 
of the mysterious enemes which are proper to 
the living ceU itself. Therefore we think that 
this decomposition, with its ease, its lower 



temperature, and the absence of any visible 
decomposing agent such as sulphuric acid, as 
compared with the means which the manu- 
facturer has to employ, may be regarded as 
perhaps the most signal instance of the posse- 
sion of such powers by the living cell. 

Ammonia. Here, again, os in the case of 
water and hydrochloric acid, is a simple com- 
pound of hydrogen with another element, in this 
case nitrogen, the formula of ammonia being 
NH..;, as was mentioned when wo discussed 
nitrogen. In the cas? of water the hydrogen was 
combined with a two-handed element, so that, 
itself bc:ing one-handed, two of its atoms were 
required in or4er to unite with one of oxygen ; in 
the case of hydrochloric acid the united element 
was also one-handed, and in the case of ammonia 
we find that the united element is to be regarded 
as three-handed, or trivalent. This substance, 
like the last, is a gas at ordinary temperatures, 
colourless, but by no means odourless. Its 
effects upon the nose, however, are not confined 
to the stimulation of the sense of smell. Its 
pungency should be distinguished as composed 
of two parts, one consisting of its irritation of 
the ordinary sensory nerves of the nose — as of 
any part of the body to which it gains access — 
and the other consisting of a true stimulation 
of the nerves of smell. The gas is lighter than 
air, and is even more soluble in W'ater than is 
hydrochloric acid. The solution, which is often 
loosely called ammonia, indeed contains as 
much ammonia as is equivalent in volume to 
about eight hundred times the volume of the 
water in which it is dissolved, the exact pro- 
portion varying with the temperature [see 
Physics], The solution has all the character- 
istics of an alkali, and, indeed, ammonia is 
commonly called the volatile alkali, since, 
1)0 ing essentially a gas, and therefore volatile, 
it is contrasted in this respect with soda, potash, 
and lime, which are called fixed alkalies. We 
have, indeed, good reason to assume that, when 
ammonia gas is dissolved in water, something 
rather more than mere solution occurs. There 
if] doubtless some sort of combination between 
the ammonia and the watei — certainly a very 
unstable combination, but still more than a 
mert‘ solution ; and we may conveniently 
represent what happens by adding together the 
formula of ammonia and the formula of water, 
thus : 

NH;; + H.O - NH4OH. 

Ammonium. When we look at the formula 
of this supposed substance, writing it in the 
fashion seen, and not in the most obvious way, 
which would be NH5O, there is suggested to us 
a parallelism between this and the formula of 
or lime, or potash, llie latter, for instance, 
is KOH, and the K ctnresponds to the NH^. 
Now this NH4 seems to be such on independent 
reality that it has been given the special name 
of ammonium, and most probably be regarded 
as a metal. The reader will answer that it is 
absurd to talk about a compound of two gases 
as a metal — “ Why, it is not even an element ! ” 
he may say ; rat, then, ail our ideas of 
elements have undergone a change, and if the 
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existence of the com ]^)ound metal ammonium was 
probable ten yearn ago, it is still more probable 
to-day. In theory its existence is extremely 
probable, and the parallelism botwetm its com- 
pounds and those of the other metals is most 
marked. There is, indeed, a small amount of 
evidence in favour of the view that the transient 
existence of ammonium in its movallic form has 
been experimentally demonstrated. 

What we must probably regard as an ammo- 
nium amalgam — that is to say, a probable 
combination of the metal ammonium and the 
metal mercury — is a butter-like metallic mass 
which is proauoed when sodium amalgam (a 
whit-e substance made by mixii\g sodium and 
mercury) acts on a strong solution of ammonium 
chloride (NH4CI) [compare KCl]. This amal- 
gam. however, is, as might l)e expected, very 
unstable, doubtless owing to the instability of 
the supposed ammonium, and quickly decom- 
poses into mercury, ammonia, and hydrogen. 

It may jKissibly be a combination of low 
temperature and high pressure, at w'hich 
ammonium is stable ; and the fact of its decom- 
position by no means excludes the possibility of 
its existence as a true metal, since we now have 
definite proof of the decomposition of various 
metals, such as uranium, radium, and most 
probably silver, if not yet- gold. 

Gaseous ammonia forms a colourless liquid at 
a temperature of about - 33 ^ (\, and frecs^es at 
-75'=’ C. 

Sources and Preparation of 
Ammonia. Small quantities of ammonia 
occur in the air, whence some of the compound 
is carried by rain into the soil and rivers. The 
occurrence of ammonia in th<‘ soil is of the 
utmost importanoe in relation to plants. As 
we saw when discussing nitrogen, this element 
is a constituent of protoplasm, the physical 
basis of life ; and the j>lant has to obtain it 
from the soil. The form in which the plant 
obtains its nitrogen is mainly in the compounds 
— salts of nitric acid — which are called nitraU^s. 
Now it has been discovered that the ground 
contains a particular kind of microbe or 
bacteria [see Baci keiolouy] which play an 
ail 'important part in this connection, and which 
are thus to l>e regarded, humble though they 
be, as a necessary link in the chain of eventu 
upon which human life itself depends. For it 
is from plants that all animals derive their 
necessary nitrogen. Thes?) organisms take the 
ammonia of the soil, and with the aid of oxygon, 
which is abundantly present in its elemental 
form in the soil air, and also in combination, 
they convert it into nitric acid (HN 0 .j). This 
typical acid reacts with the typical alkali, lime, 
which occurs in the soil, and forms calcium 
nitrate, in which lurm the plant thus obtains 
its nitrogen. 

Ammonia fimm Decompoaltlon. 

Ammonia is also formed by the decomposition 
of animal and vegetable matter. Certain salts 
of ammonium may be obtained in a similar 
fashion. Amongst these is sal-ammoniac — the 
old name for ammonium chloride — and also the 
carbonate of ammonium (NHil^CO.^, which is 
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UHually known uh HmeHing*8aitH or Hpirita of 
hartHhorn, a name which hints that it may be 
obtained by distilling the horns of stags. 

In addition to these more or less natural 
sources, ammonia may be obtained by the direct 
union of hydrogen and nitrogen, provided that 
ons or other or both bc» in the nasv'jent state, 
which we fully explained in an earlier section. 
Bui the most common method of preparing 
ammonia is by double decomposition — sal- 
ammoniac l>cing heated with quicklime, w'ith 
the formation of calcium chloride, which is 
highly soluble in water, w’hilst ammonia gas 
is lilsTatcd, and, bcung lighter than air, may lx* 
collect'd by an invertycd vesst;! placed above it. 
The following equation repres'^nts the reaction : 

2NH,C1 4 ('aO i H.O -I 2NH;i. 

Ammonia and the AlKalolda. 
Ammtmia has extremely marked and important 
reactions in relation to living matter, upon all 
forms of whieh it acts as an irritant and a 
poison. Properly administered it is a stimulant, 
as eveiyone who has us *d smelling-salts knows. 
It is the most powerful and rapid of all known 
stimulants of the heart and lungs, whose 
functions are the most important for life, and 
it is, therefon*. of sui>erlative value in emergen* 
<;ies, espc'eially as its physical form enables the 
patient to breathe it and thus to obtain its 
action even more quickly than in the ease of a 
liquid stimulant injected under the skin. The 
iKjhaviour and structure of ammonia are also 
of great interest in the more obscure regions of 
chemistry, lKM*aus!‘ of the existence of a very 
large and important class of substances called 
a^kahddK. Tneso are mainly produced by 
plants, and include such extremely j)otent 
di’ugs as morphia and strj'chnine. They are 
called alkaloids in order to indicate their 
H'scmblance to alkalits. (The determination 
“oid/’so often seen in seientific and philosophi- 
cal language, is Greek, and implies likeness. In 
this, and in every other case, it suggests that 
the Hubstanee in question is not exactly the 
same as the other, but strongly resembles it.) 
Now there is good reason to believe that it is 
the presence of ammonia in the molecule of 
these alkalies upon which their alkaline pro- 
perties depimd. Thus we are not at all surprised 
to learn that all alkaloids contain nitrogen and 
hydrogen. 

Marah*Gas. Atjhis point w'e might proceed 
to discuss another simple compound of hydrogen 
with another element, in this case the four- 
handed element carbon. This compoimd is known 
as mdhane^ or marsh-gas^ and has the formula . 

but it is probably better discussed later, since 
its properties serve as an admirable introduction 
to the study of a vei^ lai^ n»'mber of compounds 
in organic chemistry or the “chemistry of the 
carbon compounds.^' 

In dealing with the most important elements 
with their properties in sequence, and in there- 
after returning to the consideration of their 
important compounds, we have adopted a plan, 
of which one of the advantages is t^is, that the 
student can scarcely be successful in his study 
of compounds unless he has already learnt the 

1000 


main fact- of the elements of which they are 
compounds. This necessity would not obtain if 
we took up each element and its compounds 
toother. 

Compound* of the Halogens. In 

proceeding, then, we assume that the reader is 
already familiar with, at any rate, the out- 
standing fact.s of the elements, and the first 
group of compounds to which we shall refer are 
those of the halogens, which were discussed in 
their turn in a recent section. The acids w^hich 
correspond to hydrochloric acid are much less 
important, and need not further be discussed, or 
even named. But there is one pre-eminent 
compound which demands careful treatment. 

Common Salt. We are already familiar 
with the technical name of common salt, which 
is K( diuni chloride (NaCl). It is an extremely 
abundant compound, constituting from 3 to 
r» or (1 pc^r cent, of sea- water, a much higher })er- 
centage of the waters of certain salt lakes, such 
as Salt Lake in America, the Caspian, and the 
Dead Sea, and also occurring in immense deposit^n 
in various parts of the w’orld, where it indicates 
the past existence of salt lakes which have dried 
up. When It is obtained by the present evapora- 
^ f ion of sea- water it is often called hay salt, w^hilst 
the deposits depending upon past ev^aporation art‘ 
called rock salt. It may 1 k^ mined, or the deposits 
may l)e flooded and pumped up as brine, which 
is then evaporated, or (as still, in many parts of 
the world) it may l>e obtained by the evaporation 
of son-water. It forms cubical crystals which 
m€*lt at a high temperature, and is readily soluble 
in water, lx‘ing more soluble in hot water than 
in cold. Its artificial composition is thus super- 
fiuouH, but it might Ix^ obtained by burning 
8t»dium in chlorine gas. or by the action of hydro- 
chloric acid on sodium or on caustic soda or on 
sodium carbonate. 

Salt and Life. Salt, being a necessary 
article of food, has played a part in many cere- 
monies of many ancient jx'oples, and has very 
frequently been taxed. We tax it in India to- 
day to some extent ; but it should be recognised 
that a tax on salt is a tax on food, and in hot 
countries, such as India, where salt, which has 
mild antiseptic properties, is extremely neces- 
sary, not only for itself, but as a means of pre- 
serving fish and other food, the propriety of a 
salt tax is, to say the least of it, dubious. 
Recently, the great surgeon Mr. Jonathan 
Hutchinson, who believes that in India and 
elsewhere leprosy is caused by the eating of 
putrid fish, succe^ed in persuading Lord George 
Hamilton to reduce the salt tax ; but whether 
or not Mr. Hutchinson is right, any Government 
which draws a revenue from this substance — we 
arc by no means the only offenders — is open to 
venj^ wave criticism. 

oalt and Food. The proportion of salt 
that occurs in different foods varies widely. In 
general, salt has to be added to the diet of tho 
vegetarian, man or animal, wdiile the meat eater 
obtains enough in the muscular tissue which he 
consumes. The imperative necessity of salt for 
life is illust rated by the extraordinary account 
of the wild flights of herbivorous animals in 
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America, long deprived of an adequacy of salt, 
towards salt-licks, or places T^'here they can 
satisfy themselves by licking deposits of sodium 
chloride. 

The saltness of the sea is a fact of the utmost 
interest in relation to the history of the earth. 
If we discuss all the saltr. of the sea in general, we 
find that they are carried down to it by riv’crs and 
streams, which dissolve them froni the soil and 
land through which they pass. As the sea- 
water evaporates, the salts are left liehind, and 
thus they accumulate — the sea is liecoming 
Salter every day. This fact has lately been 
utilised, not w'ithout success — that is to say, 
agreement w'ith results obtained by other 
methods — in an attempt to estimate the age of 
the earth's crust from the j)re*sent saltness of the 
sea and the probable rate at which addition is 
lading made to its saltness. 

Carbon and c5hlorine. Another halide 
which is of great interest on theoretical 
grounds — though it is of no practical importan(*(‘ 
— is caIUhI carbon tetrachloride, and has the 
formula CCl^. Its interest depends upon its 
relation t-o methane or marsh-gas (CH 4 ), already 
mentioned. For if this Ik* exposed to the action 
of chlorine, atoms of this gas successively replace 
atoms of hydrogen, hydrochloric acid Ix^ing 
meanwhile formed. The substances which are 
produced have the formulas (starting from 
marsh-gas CH4), 

(*nding with carbon tetrachloride (’C'14. The 
l)ody produced wht‘n three atoms of hydrogen 
hav’e l>een replaced is chloroform. As we might 
expect, remcnilK*ring their chemical n*scmblancc. 


its two prediH*es.'4oi‘s have similar properties, and 
are oecasionally used in surgery. CarlKm tetra- 
chloride also has antiseptic j)ro}wrtics, but it is 
not of practical use. 

The Halides of the Nitrogen Group. 

The nitrogen grou]>. consisting of nitrogen, 
phosphorus, I'tc . forms a series of eom- 
pounds with the halides, hut these an* not et 
great importanee. The Is'st known are the tri- 
chlorides, such as nitrogen chloride (NC^l.j),* 
phosphorus chloride (PCI .5), etc., whilst phos 
phorus and antimony also form what arc called' 
pcntachlorides. such asPti ., phospliorous ])cntu- 
chloridc. in which the phosphorus is. so to 
s^H*ak, tive-liandtKl. 

Final Note on Halides. The other 
halides that arc of sufficient importama* have 
been dealt with alrt‘ady. It is well to rememlK*r 
a general rule which the halogens follow’ in n*- 
plaeing one anotiier in their compounds. In 
the case of the salts of sodium and potassium, at 
any rate, chlorine will turn out bromine and. 
iodine, and hromiue w’ill turn out iodine. 

It is also well to rememl)er the names of the 
in.soluhle or practically insoluble eldorides. 
because the fact of their insolubility t^kes us 
a long way in identifying the base whii^i goes 
to com|)ose any unknown salt in solution, the 
nature of which it is desired to ascertain. Sup* 
])Osing that an unknown solution of a salt 1 h^ 
handed to us, the addition of hydrochloric acid 
will, in the large majority of cases, cause the 
formation of a chloride, and if the metal Ik* silver, 
lead, mercury, or copper, this will Ik* precipi- 
tated, since the chlorides of silver and lead and 
mercurous and cii]>roiiK chloride arc insoluhlo. 
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a« compared with 1000. About three pints 
ore proauced each day. 

Tne following is its chemical composition : 


Water . . S 
Urea 
Uric Acid 
Salts 

Extractives 


I>aily 
Amount 
. . 52 oz. 
. . 500 grs. 
. . 30 „ 
,400 „ 

. . 153 „ 


1000 1 
The colour varies ' ^ 

throuch every shade 

of yellow and orange. i / 

It is only brown or / 

black in disease. f j 

The urine is acid in p? / 

health and becomes f j ^ 
more so when acids 

arc taken, also after 75. longitudinal 
prolonged exertion or seotion through left 
consumption of much kidney 

animal food. Sinus 2. Papilitti oiienlng 

It becomes less into th^ cHlltt*^ 
acid or alkaline J- Py«nii<i» of Malnigi.i 
. 11 1* 4 , ( ortlral aulwtaiUH) 

when alkalies are 5. Capsule 6. Pelvis 7. Creter 
present, after taking 

much vegetable food, after sweating profusely, 
or long standing after it is passed. 


Weight and Quantity. Its weight com- 
pared with W'ater varies considerably; much 
drinking may temporarily lower it to 1(K>*2, 
while taking no fluid, and profuse pt*rspiration, 
may raise it to 1040. Some diseases increase 
and others lower its specific gravity. If the 
last two figures of the specific gravity tie doubled 
it gives the amount of solids in 1,()00 parts. If 
the sp. gr. of urine be 1025, then 25 x 2 gives 50 
j>arts solids in 1,0(K1. 

The quantity of urine varies greatly. It is 
decreased by sweating, by eating dry food, by 
bleeding, and by disease. It is increased by 
<-old, by dry skin, by the use of drugs, by sugar 
in the urine, and by nervous excitability. 

Urea is the principal constituent of the 
urine, and represents the nitrojenous refuse of 
the lx>dy. It forms half of all the solids in the 
urine. It is a compound of w’ater, carl>onic 
acid, and nitrogen. As a rule, 500 grains a day 
are passed, and the amount of nitrogen passed 
is in pro|)ortion to the amount taken in the food. 
It is not increased by muscular exercise, as 
wfuj formerly supposedf, nor by the amount of 
urine, but by animal food and wasting diseases. 
Urea forms J(rcth part of the blood and 
part of the lymph, showing how much impurer 
the latter fluid is of the two. 


Uric acid is a similar nitrogenous product, 
but differs in one most important particular ; 
for while urea is soluble and thus gives no trouble 
in the system, uric acid is insoluble, and is the 
source of many bodily ailments, notably gout. 

In the urine it appears as a brick -red pow'der. 

It is probable that urea and uric acid are not 
formed in the kidney as bile is formed in the 
liver, but in the bloo<l, and are only eliminated by 
the kidneys. If the supply of bile from the liver 
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be stopped, none is made ; but if the kidneys 
do not act, an increased amount of urea is found 
in the blood. The secretion of urea and the 
amount of 8wx*at are in inverse proportion, 
8how*ing the close connection botwetm the Kidne}^ 
and the skin. A child excretes, in proportion 
to its weight, twice as much urea as an adult. 

The ureter, aViout 15 in. long, is a strong 
tulw of four coals, one muscular ; it conveys 
the urine to the bladder by peristalsis, or 
circular contraction of the muscles, by gravity, 
and by the vis a tergo^ or pressure from behind. 
It enters the bladder by a valve through whicli 
the urine trickles drop by drop. The bladder 
has also four coats and many elastic fibres, 
which keep it in a state of moderate con- 
traction. It holds about a pint, and can be 
emptied at w'ill. 

THE LOCOMOTIVE MECHANISM 

In considering the locomotive system we 
have to examine first its structui'e, and then 
its function. 

It is composed of bones, joints, and muscU's, 
and while describing these with siiffu'ient fulness 
to Ih' clearly understood, all needless details will 
lie omitted, and technicalities avoided. 

The Bones. We liegin 
with the bones, concerning 

3 y which a few words have 

already been said in an earli(‘r 
chapter in B|>eaking of the 
I whole, and wo shall 

not, therefore, here repeat 
details of the information. 

Bones are the framework 
of the body, llioy support 
76. A MALPioiHAN the soft parts and protect the 
coRriTscLK various organs. Here are 

Where tlie water of shown the skeletons, for com- 
t he 1* RtraiiieU pa^igon, of man and the highest 
1. Vrinary tubule anthropthd afie — the differ- 

4 rtt^ili^rl ^ ' ences are ajiparent (78, 79]. 

5. Kxim^^ or The organs of most impor- 
tubule wqueezinK tance are well guarded from 
caplUarleB injury, such as the brain by 

the skulls the spinal cord by the spint^ the tyes 
by the orbit, tlie heart and lungs by the cheM^tmll. 

We have |>ointed out that there are about 201) 
Ixines in the adult body, which may bo divided 
into six parts — head, trunk, and four limbs — 
thus giving a little over 30 bones to each part. 
We will k)ok at them in detail. [See also 
page 1348.1 

The head and nock contain 30 leones. The 
head, or skull, contains 22, of which eight make up 

c Q 0 tains 

77. KIDNEY TUBULES the brain 

Where urea f» extracted (neotlon*) a /I 

J 11..^ ....... o ..f n> ii 


77. KIDNEY TUBULES the brain 

Where urea f» extracted (neotlon*) and 

1 . Part lecretUig urea 2. Other part of tubule . 

fourteen 

the face. Only one of these 22 can move, and 
that is the lower iaw- bone, which is seldom still. 

Bones 6f the Cranium. The eight 
bones that make up the cranium are only 
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separate in the young child’s head, where their 
edges lock closely together with teeth, like a saw. 
By de^'ees, the bones grow together, so that 


By degrees, the bones grow together, so that 
in the adult they cannot 1^ sejmrated any n^re ; 
only the lines where they are joined can still be 
seen ; they are called sutures, because they look 
just as if the bones were sewn together. The 
reason they are separate at first is to allow the 
brain to grow to its full size, and they then unite 
together to protect it more thoroughly. 

^e eight bones are as follows [80] : 

One frontal bone, which forms the forehead. 

Two parietal bones, which foim the vault. 

I’wo temporal bones, which 

form the temples, at the t ^ ^ sides. 

One occipital, which I forms the 

back. One sphenoid, 
ethmoid, which form the 2 s 

base of the skull 

and the back of the > 

Tlio frontal bone, ^ I I 

so called because it // \V 
is in front, is the 1^, 

shape of a ^ — -2 9 

large cockle 

or escallop 11 JT 

shell, and 

forms the f\ 

front of the \\ j 

head and the nf* i54\ yy 

top of the \\ // 

orbits. It is the only ]\ // 

bone in the head that 

contains air, in the 

two cells that form tlie ,7 JA n 

elevations over the [ I 

eyebrows. In the ’®~r' 11 

elephant these two 1/ 

air-cells are enonnous, | y 

and give him such |y ^ 

big bumps on the wflL 

forehead, 2»W W 

The parietal lK)ncs 

(Latin a wall) . «•. "tl 


78. SKELETON OF MAN 


o ntvaaf rko,.f rtf 2. Vertobrsl coluniu 

form a grwt part of 3. pacrum 4 Rll» 6. sternum 


the dome of the head. 


7 Scapula 


The tempora^nes ,<>• 
are so called because i?. Phalanges 14. Pelvis 

they form the temples. J J- 

IS. Fibula ir. Tarsus 20. Meta- 
Icmple comes from tarsus 21. Phalangei 
Latin tempus^ time or 

age, and is so named because the hair first 
turns grey there in old ^e. 

The oocipital bone is so named from Latin 
occiput, the back part of the head. This bone 
connects the rest of the cranium with the top of 
the backbone, or spine, rnd has a lar^ hole in the 
bottom of it through which the spinal cord (or 
marrow) paas^ out of the brain. 

The ^henoid, or wedge bone, forms the front 
of the floor of the cranium, and is in shape like 
a flying biid. 

'me ethmoid, or sieve bone, is placed below 
the frontal bone at the back of the face. It is 
called a sieve because it is pierced with many 
small holes, to cdlow the flne nerves of ^ell to* 
pass throng. 


Bones of the Face. In the face are 14 
bones, aU in pairs (right and left), except two. 
They are : 

Two superior maxillary, or upper jawbones. 

Two palatal bones (in the mouth). 

Two malar, or cheek bones. 

Two nasal, or nose bones. 

Two lachiymal, or tear bones. 

Two turbinated, or nostril bones. 

One vomer, or partition between the nostrils. 

One inferior maxillary, or lower jawbone, the 
only one that moves. 

The superior maxillary bones are so called 
from r.atin maxilla, a jaw. In them the upper teeth 
are set. They form the front of the roof of the 
mouth or hard palate, and the sides of the nose. 

The palate forms the biick of the roof of the 
mouth. 

malar bones (Latin mala, 
are the cheek bones, and 
form the hard ridge 
under the cheek, and 
also the lower part of 
the orbits, in which 
the eyes are set. 

The nasal bone.s 
(Latin naans, nose) 
form the bridge of the 
nose. 

The laehr3rmal bones 
(from Latin lachryma, 
a tear) conduct the 
tears from the eyes 
into the upper part 
of the nose. 

The turbinated bones 
(from Latin turbo, a 
scroll) are rolled round 
in the shape of a scroll 
of paper, and form the 
inside of the nose, and 
the organ of smell. 

The vomer (from 

Latin vomer, a plough- 
79 . SKKLBTOM OF oowLLA ghare) help, to fom 
For compari^^wlth liunuu ^he bridge of the nose. 

In the inferior 

maxillary bones are fixed all the lower teeth. 

ThicfcncM of the Shull. The cranium 
varies greatly in thickness in different parts. 

Where it is most exposed to injuir, as on 

the top and forehead, it is thickest, the 
bone being often | in. ; where^ in the temple, 
just in hont of the ear, it is not thicker 
than paper in one part. The sp^ial struotore 
of these flat bones of the cranium serves to 
protect the brain from shook. They are made 
of two flat plates, with a network of spongy 
bone between. This arran^ment prevents 
the shook of blows on Uie head (if not too 
violent) from reaching the brajn. This you can 
prove 1^ putting two flat pieces of wewd (one 
on the other) in the hand ; if you strike the 
upper piece, you can feel the shook in yonr hand. 
But if you now put a piece of soft flannel or felt 
between the two—like the spongy tissue between 
the bony plates — and strike the upper wood, yon 
feel no^ng, beoansd the vibrati<Mt is sto^^ied 






80. THE HITMAN SKULL 
1 . Frontal bont^ 2. Parietal 
bone 3. Occipital l»oiie 
4. Sphenoid bone 6. Tem- 
poral bone 6. Styltdd 
procea* 7. Malar bone 
8. Superior Maxilla 9- Nasal 
bfnie 10. Lachrymal bone 

11. Inferior Maxilla 

1 2 . Incisom 1 3. Canine teetl> 

14. Bicuspids 16. Molars 


The vaulted shape of the cranium gives it also 
great strength. No ports of the body are pro- 
tected so carefully as the brain and spinal 
oord. 

Bones of the Necll. In the neck there 
are eight bones, of 
which seven form the 
upper part of the 
spine or backbone, 
and the eighth is a 
bone in the throat, 
which can be felt 
beneath the lower 
jaw. It is the hyoid 
bone, or bone like 
a “ U/’ because it 
is just the shape of 
one, with the round 
part forward. It 
supports the upper 
part of the windpipe. 

Bones of the 
TrunK. In the 
trunk there are 30 
bones, if the rilm are 
counted in pairs — 17 vertebraB in the back, 1*2 
pairs of ribs at the sides, and one br<‘ast-bonc, 
or sternum, in front. 

The trunk is divided into the chf/it and abdomen. 
The chest or thorax is a bony cage formed by 
the spine behind, the at the side, and the 
breast- lK)ne in front, 
and contains the lungs 
and heart. The ab- 
domen has only tlie 
spine behind, and no 
bones in front. 

The Vertebrae. 

The backbone, or spine, 

[82] is made up alto- 
gether of 33 vertebra* 
or turning bones, 
because most of them 
can turn a little on 
their own axis. 

The first seven form 
the neck or cervical 
vertebr® ; the next 
twelve form the back 
or dorsal ; the next 
five form the loins or 
lumbar ; the next five 
are united into one 
bone called the sacrum, 
or sacred bone. 

The last four are 
also joined into one 
bone called the coccyx, 
or cuckoo bone, and 
these two form the 
back of the hips. 

These vertebrae are 
placed one on the top 
of miother, Uke so mr.ny bricks, and each one 
is separated from the next by a stout pad of 
cartilage or gristle, which, like the spon^ bone 
between the two hard plates of the skulibones, 
prevents any shock or jar from reaching the brain. 



h*ck Stdr \itw 

82. THE SPINE 

A. 8«vcn cervical vertebrso 

B. Twelve dorsal vertiebrsK 

C. Five lumbar vertebrie 

D. Sacrum £. Coccyx 
F. ^tnoua processes 

O. Transverse processes 
H. Backward curve from 
breathing 1. Forward 
curve from walking 


I^HVMOLOOY 

Althougli the spine contains 33 vertebra* 
in man, wc sec that five and four are 
joined together ; and thus tht re art* only 
26 separate bones. In the child, on the other 
hand, each vertebra is made up of several 
separate parts, so there are nearly 2(H> jiieecn of 
bone to form the 33 vertebrie. 

Shape of a Vertebra. A vertebra is 
something like the figure eight [83], with one of the 
circles made solid in front, and the other one 
left open and forming a ring lK‘hind ; so that 
when all the hones are placed on one another, 
the solid discs in front form a bony col u inn. 
and the rings behind form a long tuU*. The 
column supports the body, and the tube con- 
tains the spinal cord, or marrow. 

The ring liehind has three bony projections, 
one on each side (transverse process), aiul one 
behind (.spinal process), and it is the tips of those 

processes. one 
1k*1()W another, 
that are felt as 
ridges of the 
spine Ix'hind. 
Tliey are for the 
attachment of 
t h strong 
muscles which 
support t h e 
long column 
called the spine. 

Use of the 
Padding. If 
wo put 26 reels 
of cotton on 
the top of each 
other, with a soft 
pad IsdAvcen 
each for the 
BONKS OF THE SKULL AND cartilage, W'C can 
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FACE FROM BELOW 
!• Foramen magnum for tho Bpirial 
cord 2. Occipital bone 3. Arti- 
cular surface of tiie lirat 
(rrvical vertebra (Atlaa) 

4. Tlie temporal bone 6. The vomer 
6. Incisor* 7. Canine teeth 
8- Bicuspids 9. Molars 


see how' easily a 
little pressure 
from hIk)vc 
W'ould force the 
column to one 
side or the other. 
The pads prevent 
friction and jarring. Tho spine is only kept 
straight by exercising its muscles, and girls 
esfiecially should have as much drill and exercise 
as [K>ssible, to strengthen this spinal column. 
The spine is naturally bent backw'ards in a 
curve which makes the beautiful spring on 
which the head is poised. 

The Atlas. The top vertebra of the 
seven in the nock is called the Atlas [84 A], as 
it supports the head, just as the fabled Greek 
god Atlas carried the 
heavens on his shoul- 
ders. It consists of 
a strong bony ring, 
divided in two by a 
fibrous band. On the 
upper surface are two 
smooth sockets, on 
which the lower part 
of the occipital touq 
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88. A VERTEBRA 
RESEMBLES THE FIGURE 
BIGHT 



ot the skull feets, mid on irhleh the head movee 
backwards and forwards^ as when we nod and 
say “ Yes.*’ Hiron^ the back part of ring 
the spinal cord passes into Ihe brain by the 
great opening in the occipital bone. 

The Axle. The second vertebra is called 
thedajw[84B], , 

because in ^ 

front of it is a 
strong bony 
peg about an 

inch long poss’ ^ 

ing up through ^ 

front of “ **•* 

rinir nf fliA * Artlculatiuu 2. Peg, or 

ino ring ot tne odontoid proceai 3. ligament 
atlas, and on 

which it and the head can turn from side to 
side, as when wo shako the hecwl and say “No.” 

Meaning of a Broken Neck. If this 
peg breaks through the fibrous band across 
the atlas, as in hanging, it presses on the 
spinal cord behind, and causes instant death, 
and the person is said to have his neck broken. 

To see how this is done, make a ring with the 
first finger and thumb of the left hand, and then 
tic a thread to stretch across it from the middle 
of the finger to the middle of the thumb ; then 
put the forefinger of the right hand up through 
the front division to represent the peg of the 
axis, and put your thumb through the other 
division to represent the ^ 

spinal cord. If you then 
break the thread by push- / U 

ing backwards with the 
right forolinger, and press B ^ AV 

on the thumb, you see 
exactly how a man's neck / 

IS broken. 

The other vertebra) are ^ 

all pretty much alike, only g5 a. dorsal vkb- 
the lower they go down terra. B. lumbar 
( ho larger and stronger vertebra 

they become in eveiy way , . 8p,„^ 

[88] I, until the last of the 2 . Articulation 
twenty.four rests upon tte J; 
sacrum, which forms the 5 . Body 
book of the hips. 

The Riba. The Ribs [86] are long bones 
curved in a semioirole forming the ca^, called 
the thorax, which holds the lungs and me heart. 
There are 12 pairs of them attached to the 12 
upper vertebrse of the back ; so that there are 
12 vertebrsB without ribs {seven in the 
neck above and five below), and 12 with them. 

The seven upper pairs of ribs are also hin^ in 
front on to the breast-bone, and are called true 


VERTEBRA 

1 . Spinal process 

2. Articulation 

3. Lateral process 

4 . Inferior articulation 


ribs ; the other five pairs are not so hinged, and 
are hailed false '^ribs. These ribs are, however, 
united by carUlage in front to the lowest true 
rib, excepting the last two pairs, which are not 
fastened in front at all, mid are sometimes 
called floating, or free ribs. Fro^ have no ribs, 
but snakes have hundreds, on which they move ; 
they use them instead of limbs ; and the dying 
lizard dies with its ribs. 

The Breast-bone. The breast-bone is 
called the Sternum [87], or sword, because it 
is just the shape of a short Roman sword 
or dagger in its sheath, with the handle above, 
.w and the point downwards, 

C which you can feel in the 
middle of the chest. To the 
handle above, the arms are 
attached on each side by 
means of collar-bones. 

The Collar-bone. The 
Clavicle [88], or collar-bone, 
is so called from Latin 
clavis, a key, and is fastened 
to the sternum at the inner 
end, and at the outer end to 
tlic shoulder-blade, with 
which it completes the socket 
for holding the arm. It is 
86. TRUK RIB tjjo shape of the letter “ S,” 
A^i.Sjni, which is like an ancient 

wltli sternum key, and keeps the shoulders 

in their place. In animals, 
all of which have narrow, deep chests, these 
bones are very short indeed. The clavicle is 
easily broken by a fall upon the hands or arms. 
j — ^ The two collar-bones in a fowl 

C L together form the “merry 

\ [ thought.” 

The Shoulder-blade. The 
^ Scapula, or shoulder-blade (so- 

called from Latin scapula, a 
S J/ little boat), is a flat, triangular 



87. 8TXBI7UH 88. CLAVICLE (right aide) 

1 . Handle or manu- 1 . Inner or atemal end jolna 


brium 2. Body 


handle of breaat-bone 


S. Enalfonn prooeaa 2. Shaft. 8 . Outer or scapular 
4 . Attachment of end 

rib cartilage 

bone resting over the muscles of the book, on 
which it freely moves. It is. united to the 
clavicle above, and forms the socket for the 
arm by means of a shallow cup at the outer 
angle, the point of the triangle being downwards 
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THE BEGINNING OF ENGLISH PROSE 

Characteristics of Prose. Periods of Eng^Iish Literature and 
Langua^. iElfred and Chaucer. The Arthurian Legends. 
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By J. A. HAMMERTON 


'T"‘HE student confronted for the first time 
^ with even an elementary work on English 
prose may well ask himself why he should 
study it. What is the use, for example, 
of an anthology of English prose ? Is it com- 
piled in order that the reader of it may he. 
enabled to form some idea of the origin and 
development of the language at various periods 
of its history ? Yes ; and no. Philological 
considerations alone do not enter into such a 
work. There is as much fascination nttaclicd 
to the study of the growth of a language as there 
is to the pageant of history. But this is hot all. 

Why We ehould Study English 
Prose. “It is,” as Professor Churton Ciollins 
says, “ the privilege of Art and Letters to bring 
us into contact with the aristocrats of our race. 
Iti.s the misfortune of philology that, in its lower 
walks at least, it nec.^ssitates familiarity with 
a class of writers who probably rank lowest 
in the scale of human intelligence.” We study 
classic prose, in short, not only for the light 
it sheds upon the tim? in which it was written; 
not merely because of its intrinsic value as a 
means of knowledge ; but also l)ecausc of its 
style. And for yet another reason— which some 
would place above all the rest — because bi*hind 
the style is a living man. Herein, for the true 
student of literature, as distinct from the “ com- 
petition-wallah,” is the secret charm of our 
standard literature, and especially of our standard 
prose. We know, sooner or later, that the noble 
eloquence, the rhythm, the colour, the tone, the 
deft management of the period, art* all mod*‘lled 
by the great masters of English prose upon the 
works of the men w ho wrote in Greece and Rome 
when the w’orld w as young. But is that a cause 
for the withholding of our tribute of grateful 
admiration ? Surely w'hat is allowed to the plastic 
artist, the painter, the sculptor, the arcnitect. 
cannot be denied the artist in words. And 
here let it be observed that the terra “ artist 
in w'ords ” is needlessly discredited by some 
superficial critics. It does not necessarily imply 
artificiality. Nothing that is artificial lives, 
except it be a sort of museum-life, in a glass 
case labelled “Specimen.” 

Character ReTealed in Writing. 
Consequently, w’hen w'o approach a work of 
living prose we may be certain that behind 
it is a great man, and something more, some- 
thing of the character of the best of that man’s 
contemporaries, of the spirit of the age in which 
he lived. It has been well said that genius 
is the same in all ages, and that writers in the 
rudest times, as w'ell as those in a more poUshexl 
and enlightened era, have reached those limits 
beyond which the faculties of the human mind 
seem unable to penetrate. Thus the elements 


of thought arc only conditioned, not governed, 
by the outward circumstances of their expression. 

The Peculiarity of Prose. Verse 
has l>een, certainly in English, far ahead 
of prose in the matter of settled law. Hence, 
a.s Sir Henry Craik has aptly indicated, you 
can imitate the rhythm of Spenser without 
seeming old-fashioned. No cadence in modern 
verse is more pure, more perfect, than that of 
ShakoHfMuire's sonnets and lyrics ; no luU^r 
blank verse approaches the supreme art of 
Milton. But the prose of the masters and 
makers of it is personal in a double sense ; it 
cannot imitated. As one of those masters— 
Newman— has so well expressed it, ” while the 
many use language as they find it, the man of , 
genius uses it indeed, but subjects it withal 
to his own purixises. and moulds it according 
to luH own |>eculiariticH. The throng and suc- 
cession of ideas, thoughts, feelings, imaginations, 
aspirations, which pass within him ; the ab- 
stractions, the juxtapositions, the comparisons, 
the diseriminations, the conceptions, which 
arc H(» original in him ; his views of external 
things, his judgments upon life, manners and 
history; the exercises of his wit, of his humour, (if 
his depth, of his sagacity — all those innumerable 
and incessant creations, the very pulsation and 
throbbing of his intellect, docs lie image forth. 

To all d(x*s he give utU*rance in a corresponding 
language which is as multiform as this inward 
mental action itself and analogous to it, the faith- 
ful expression of his inttinsc personality, attending 
on his own inward world of thought as its very 
shadow ; so that w'e might as w'eTl say that one 
man’s shadow is another’s as that the style of a 
really gifted mind can belong to any but himsedf. 

Jt follows him about as a shadow. His thought 
and feeling are jiersonal, and so his language is 
personal.” 

Language and Literature. In these 
page's we are not only conditioned, we are des- 
jKitically governed, by the laws of space. We 
cannot attempt adequately to sample, wc can 
only indicate (1 ) where the student must look for 
the leading examples of English prose, and (2) 
point out, as briefly as may be, the chief stages 
of our prose development. We shall not attempt 
a disquisition on Anglo-Hai^n literature. That 
is a very special branch of learning, in which 
there are few' experts. Nor is our aim philo- 
logical. Not that w'e despise philology. That a ^ 
devotion to philology is not incompatible with 
the sound appreciation of English literature as a 
whole, and that it may lie the means of raising 
a conscientious student from a humble station 
in life to one of honour and influence is proved 
by the career of one of the most distinguished' 
philologists of the present day, who, when 
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a mill boy, taught himself to read, and thus 
set foot on the first rung of the ladder that leads 
to fame. In dealing with English prose, as in 
treating of English ix>etry, our object is to keep 
in view the needs oi that large class of the com- 
munity who should look to literature primarily 
as a means of education and the source of a 
pleasure which is not to be confounded with 
mere amusement. 

Early Writers of Prose. The chief 
characteriri^-ic of Anglo-Saxon prose reflects what 
is a chief characteristic of the English character: 
practicality. The language was direct and simple. 
Another point to be borne in mind is that right up 
to and including the sixteenth century, our prose- 
ivriter.j, beginning with B.£Da (b. 673; d. 735^, 
were in the main translators. Their works were 
for the most part educational, religious, and 
historical (as is the “Anglo-Saxon Chronicle”) 
in character. A^i^fred the Great (b. 849; 
d. 901 ) was a translator himself and the cause 
of translation in others. 

The Englieh that .Alfred Wrote. 

, ;Elfrcd sought to give his people peace, and he 
laboured manfully to effect their intellectual 
improvement. He desired that at least every 
fr€>e-born youth who possessed the means 
should '* abid'^ at his book till he could well 
understand English writing.” He sought to 
spread wide the learning which was then the 
monopoly of the clergy. Ballads and poems 
England already possessed. Prose she had 
none. He aimed at the rendering of all useful 
books “into the language which we all under- 
stand.” This language has been described as 
one of the finest and purest forms of Teutonic 
speech. Into it iElfrod translated, or, rather 
paraphrased, in an epitomised form, the 
“ universal history ” of Orosius, a Spanish 
author of the fifth century ; the “ Historia 
Eoclesiastica ” of the Northumbrian monk 
Bsoda ; the “ Pastoral Rule ” of Pope Gregory ; 
and the “De oonsolatione philosophise” (“On 
the consolation afforded by philosophy ”) of 
Boethius, a Roman philosopher ana martyr 
of the sixth century. Anglo-Saxon was distinct 
from modem English in the character of 
its lettering as well as in other ways, but some 
idea of “ the English that iElfred wrote ” may 
be gleaned from uie following example, which is 
given with modernised lettering, from the 
“ De oonsolatione ” : 

“ Hit gelamp gio, thaette an hearpere wses 
on thsBre theode the Thraoia hatte. ThsE^s nama 
wass Orpheus. He hieflde an swithe senlio wif ; 
sio waes haten Eurydice.” 

Mr. Cardale thus ‘renders this passage: 

“It happened formerly that there was a 
harper in me country called Thrace. His name 
was Orpheus. He had an excellent wife called 
Eurydice.” 

The work from which these lines are quoted 
was also translated by Chaucer. Its theme 
is the mutability of iXi earthly things save 
virtue ; it belongs to that rare order of immortal 
works that have been written in prison. 
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The Englieh of Choucetu To the 

development of Anglo-Saxon a period was 
placed by the Danish and Norman conquests. 
Home authorities object entirely to the term 
Anglo-Saxon as descriptive of the language and 
literature of England before the Norman 
conquest and for a century after that epochal 
event, preferring to classify the period as Oldest 
English, or Old English ; but we may follow the 
conventional classification, which makes Early 
English succeed Anglo-Saxon and cover the years 
11^-1350, as during the first of these two 
centuries the inflections were broken up, and in 
the second the language was extendea by the 
introduction of numerous French words [see 
Literature, page 324J. Middle English, of which 
Chaucer was the great literary artificer, fiouriohed 
from 1350 to 1550, and since the latter date our 
language and literature are classed as Modern 
English [ see page 328]. As was the case with 
the Anglo-Saxon and Early English writers, their 
successors of the fourteenth century concerned 
themselves chiefly with the work of translation. 
We have already learned that several of Chaucer’s 
works are of this nature — two of the famous 
“ Canterbury Tales ” : “ The Tale of Melibeus,” 
borrowed from the French of Albertano of 
Brescia, and “ The Persones (Parson’s) Tale,” 
a sermon derived from Frere Lorens; the 
unfinished “ Treatise on the Astrolabe ”; and his 
“ Boethius.” Let us look at a few passages 
from the last named. It will serve to indicate 
how the language had grown since i® If red’s 
tim'*. 

“ At the laste the lord and juge of sowles was 
moeved to misericordes [mercy] and cryde, ‘ we 
ben overcomen,' quod he ; ‘ give we to Orpheus 
his wyf to here him companye ; he hatn wel 
y-bought by his song and his ditee ; but we wol 
putte a lawe in this, and covenaunt in the yifte : 
thet is to seyn, that, til he be out of hellc, yif 
he loke behinde him, that his wyf shal comen 
ayein unto us.' ” 

Resistance of English to Norman* 
French. Though the Norman conquest intro- 
duced Norman-Irench as the lan^age of the 
court and the cultured classes, while Latin re- 
mained the language of the clergy and that in 
which many learned works were written, the 
native dialects merged into one another, and ulti- 
mately into the Midland tongue. That the 
French influence was by no means a negligible 
quantity is evident, if we examine the work of 
Chaucer alone ; but the native English as suc- 
cessfully resisted the Norman-I’rench invasion as 
our native drama in the sixteenth century rose 
superior to the dictates of the “University 
scribes,” w'ho sought to shackle it with the deaa 
weight of classical tradition. Following upon the 
death of Chaucer, however, the French wars and 
Warsof the Roses once more set back the clock 
of English literary activity, and there is but little 
of interest to chronicle, save the introduction 
of the printing press by Wiuliam Caxion (b. 
1422? ; d. 1491), till we reach the a^ of the 
Tudors, whence may be dated the beginning of 
Modem English. 



The Arthurian Leganda* One ex> 

ample of the manner in which the English 
appropriated French literature is to be found in 
the anonymous translation of ‘‘The Voyage and 
Travels of Sir John Maundeville ” of Jch^an de 
Bourgogne, a work which is still read on account 
of its natve descriptions of the marvellous. But 
especially interesting is it to ponder the influence 
of the romantic legends of the Norman poets 
known as the Tiouv^res. These deal with 
Alexander the Great, King Arthur and the 
Knights of the Round Table, Charlemagne, 
and the Crusaders. The origin of the Arthurian 
legends is Celtic — partly Welsh and partly 
Breton. “ La Mort d’Arthure ” of Sir Thomas 
Malory (fl. 1470) so delighted the heart of Sir 
Walter Scott that he described it as being 
indisputably the best prose romance of which the 
English language can boast. Many modern 
wTiters, Tennyson among them, are the eternal 
debtors of Malory, whose work, as printed with all 
t he affection of a great and sympathetic craftsman 
by WiLUAM Caxion, played no small part in the 
making of Elizabethan prose. For his black- 
letter folio of this work, of which only tw^o 
copies are known to exist, though a number of 
reprints are obtainable, Caxton wrote a preface, 
in which he said, in language that indicates the 
rapidity of the change from Chaucer’s : 

Specimen of Caxton'e Proee« “ 1 
have after the symple connyng that God 
hath sente to me, under th.- favour and corrcc- 
tyon of al noble lordes and gentylmen, enprysed 
to enprynte a book of the noble hystoryes of the 
said kynge Arthur, and of certeyn of his knyghtes, 
after a copye unto me delyvered, whyche copye 
syr Thomas Malory e dyd take oute of certevn 
bookes of Frensshe and reduced it into Englysshe. 
And I, accordyng to my copye, have doon 
sette it in enprynte, to the entente that noblemen 
may see and leme the noble acts of chyvalrye, 
the jentyl and vertuous dedes, that somme 
knyghtes used in tho dayes, by whyche they 
came to honour, and how they that were vycious 
were punysshed, and often put to shame and 
rebuke, humbly bysechying al noble lordes 
and ladyes, wyth al other estates, of what 
estate or degree they been of, that shal see and 
rede in this sayd book and werke, that they 
take the good and honest actes in their remem- 
brance, a^ to folowe the same.” 

Malory'a ** La Mort d’Arthure/* 
A favourite passage is Malory’s account of 
the passing of Arthur. How English it is, 
apart from the spelling, may be seen from the 
following modernised extract : 

“ And when they were at the water-side, even 
fast by the bank hoved a little barge writh many 
fair l^ies in it, and among them all was a 
Queen, and they all had black hoods, and they 
all wept and shrieked when they saw King 
Arthur. ‘ Now put me into the barge,’ said the 
king ; and so they did softly. And there 
received him three Queens, and in one of their 
laps King Arthur laid his head, and then that 
Queen said, ‘ Ah, dear brother ! why have ye 
tarried so long from me ? Alas, this wound on 
your head hath caught overmuch cold.’ .... 


UTCIUTUIIK 

Then Sir Bedivore cried, ‘ Ah, my lord Arthur 
what shall become of me now ye go from me, 
and leave me here alone among mine enemies ? ’ 

‘ Comfort thyself,’ said the King, ‘ and do as 
well as thou mayst ; for in mo is no trust to 
trust in. tor I W'ill go into the Vale of Avillon. 
to heal me of my grievous wound. And if thou 
hear never more of me. pray for my soul.' ’ 

Froisaart. Malory's monumental work, 
following that of Chaucer and Gower, gave to 
English literature something of the glamour of 
chivalry and romance ; and this iH^neticent 
influence was followed in its turn by the transla- 
tion of Froissart’s “ Chronicles ’ bv 1 a)K1> 
Berners (or Bourchikr) (b. 1467 ; ir>,‘13). 

Jean Froissart, like one of his own heroes, set 
out on his travels in quest of adventure. He 
visited England twice, in the reign of Edward 

III. and Richard II. ; he was the guest of 
David Bruce in Scotland, he joumeycKl in 
Aquitaine with tho Black Prince, and was in 
Italy, possibly with Chaucer and Petrarcli. Ten 
years lx*fore his death he settled in Flantlers. 
His “ Clironicles,” drawn from his travels and 
expt‘rienees, are among the most delightful 
things in European literature. Thost* who cannot 
road them in French, and are not in love with the 
spelling of Lord Berners' translation, should have 
recourse to the Glolx^ edition, w'hich gives a 
modernised version by Mr. G. ('. Macaulay. 

The Paston Letters. The student of 
fifteenth century England should not omit to 
pay some attention to the “ Paston Letters 
(1422-1509). These documents, which are about 
1,000 in number and were not printed till the 
second half of the eighteenth cHJntury, wen' 
written during the reigns of Hfmry V., Edward 

IV. , Richard III., and Henry VII., by memlKTs 
of an East Anghan family. They throw a flood 
of light on the social customs of fifteenth century 
England ; and they serve to indicate that the 
civil strife which tnen divided families did not 
altogether crush out either the desire for, or the 
means of, learning. 

The Author of ** Utopia.” Sir Thomas 
More (b. 1480 ; d. 1535) was a man whose 
thoughts were far in advance of his time. 
His theories were essentially those of a humane 
man and a philosopher ; his practice, as 
Chancellor of He^ry VIII., was curiously at 
variance with his avowed sympathies. He was 
l)eheaded for refusing to acKnowledgo any other 
head of the Church than the Pope. His best 
knowm work, the “ Utopia,” a political satire, 
was written in Latin, and translated into 
English by Ralph Robynson thirty-five years 
later. It deals with the social defects of English 
life, and pictures an imaginary island where 
communism is the rule, education common to 
the sexes, and religious toleration general. 
The title is derived from two Greek w'ords 
meaning ” Nowhere.” More also WTote a num- 
ber of works in English, of which the most 
notable is his “ Historic of Edward the Fifth 
and Richard the Third.” This is the first 
histoiyr in the language with any pretension to 
a literary character. 

Continued 
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COST AND DURATION OF COLONIAL AND FOREIGN PATENTS 

For British values of Foreign Money Stan^rds, see page 409 

CottntrtM tn«rk«d thna • an membm of Uie lutmwtifMtal CbtiTOuUou, tuider which appllcntlooa for pntento mMF be made within 1*2 mouths of the date of the earliest foreign appllcatloo, and priorftj 



1611 





16)2 



FOREIGN COUNTRIES—Continned 





^ATCMTS AMD IMVSMTIOMA 

RaddwdI Fdm. The period to which a 
eomp}et4« patent extends u(^ the application 
fee IK four years, before the expiry of which a 
fw of £.1 nuiHt be paid if it be the intention to 
maintain patent rights. The fee for the sixth 
year i» £<h payable before the end of the fifth 
yi-ar. and the tax riw^ annually by *2 ‘)k. in«*re 
ments, until the limit of 14 yearn Ik re<u*hc*<I 
Renewal fees are paid under cover of Form J. 
which may Ik* piirt'liaHed in the Manie manner 
the other forms already inentiom^d. 

Rfmewal hen mH<l not Ik* fwiid through a 
patent agent, a» the extra charge al»ove the 
official fiM* i» merely money thrown away. The 
)>atente<* must, however, nr>t forget the dates 
when the renewal f#K*H fall due, elm* hi» jiatcnl 
may lajwjc through his earelesHni^s. Should the 
date for paying any renewal fe<* pans, the patentee 
may regain his patient rights hy paying an extra 
£1 if within oti(‘ month, £.'1 if within two m<ititlH, 
or £«) if w ithiii thnn* moniliN. 

The PAtAfllt Afant. Tlic elunee of a 
patent agent, if (me lie employed, demanib eare. 
The tellowK <d the Chartered liistitute of Patent 
Agents, ot Staple Inn PutldingH, London, 
may lx* entruslfd with the work in entire eon- 
fid<*nee. A r<*gistered {mtent agent niiiwt either 
have U’en in practice Wore I8K8 (»r have passtKi 
H jirofeHsiotml examination held by the liiMtitute. 
tile chief object of which is “ to muintatn a 
high Ktaiulurd of itH’titiidi' and profc'ssional 
<‘on<luct ” Any Hg(*nt on Uic register (whii’h 
is ke]>t by the liistitiiti*) who may Ik- founit 
guilty of malpra4'tt<-c is struck <»fT (be roll hy 
the thmrd of 'trade at the instigatiim of the 
Institute. 

All jKtUnt fj'fnrti* are not jiatent agent.<< It is 
ilU*gal to assunu* the latter title unless the 
individual Ik* registered. But anyone may 
without restriction call himm-lf a patent ixiHt'f, 
and limy even call his oftiei* a iiatent atjinctf 
or imtmt uffivr. The inventor set'king to enter 
(he official Patent Office— and it would U* well 
that the law should U* made to limit the uw- cd 
this designation to the official department — 
may easily find himtwdf in the office of a private 
individual or firm, and care must be exercisiKl 
if he wtiukl avoid this misadventure. 

Kspei*ially when foreign patents are U-iiig 
applied for, a man of the highfwt proft*K8ioiml 
standing should Im^ engaged. A low' quotation 
for the application of a fort*igti patent should 
never cause the inventor to depart from this nile 
It is not uncommon for unscrupulous " patent 
agency ” houses to take fees for applying for 
fiureigii fiatents, and to make no application. 
Ciider such etrimmstances it is easy to give a 
low' quotation for the work. The inventor should 
always insiMt ufion having the official receipts 
for the payment of fort*ign patent fees, and 
should not lx> satisfied merely with an acknow- 
ledgment of the specification papers, a,s in some 
foreign patent offices spiK'ifications may be 
lodged without accomimnying f«*es. Cntil the 
ft*e IS paid, no patent is, of course, granted, but 
the practice of giving acknowledgment of docu- 
ments unaec*ompanNd by fees makes it easy for 
swindlers to imfMsie upon innocent iiiveuto^. 
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Foreign Fatente. It is practically im- 
possible for the individual inventor to apply for 
a foreign patent without engaging the services 
of tt properly ciualitied patent agent. Thus, time 
and space would Ik* wasted by a consideration of 
the dclaihd procedure in applying for foreign or 
colonial patents. But we give in tabular form 
sonic in format i(»n regarding the duration and 
cost of all foreign and colonial letters piitent. 
The figures given in the large tabic do not include 
agent's fees, drawings. co.st of draw ing up, or of 
translating the SfKK'itication. Tlie total co-it of 
«»fficial fees and jiatent agents' services complete 
for any foreign jiatent varies considerably. 
Average inclusive minimum charges by London 
])atent agents for a few of the chief colonies and 
countries are as folkiws. 
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'Hjc.-'r h-cs includi- (Jovernment tiling 
s|K-cifi<atiori anti trariHlatitui up to 1,(MR) words, 
hut not drawings, wliich arc invariably charged 
extra, aceoniing to their natun-. 

MarKeting an Invention* Tliere are 
H ‘veral ways in which a f>ttt(*nt<*e may exploit 
his invention. He may (1) manufacture it and 
st‘ll tilt* article to the trade or the public ; (2) 
sell his (Mitent outright ; (3) grant an exclusive 
hceiKX' tir st'veral liccnct's for its man ii fat* turn 
eithei for an annual slump money payment 
or a “ rov’alty " l>asis— that is. receiv- 

ing s<» much for each article made and sold. 
The first method is the more common with 
tirdiiiary inventions devised by men in a position 
to manufacture and market the specific artich* 
invented ; the thirtl is the more usual when 
the inventor is'not in a position to follow’ his 
creation through all its commercial stag(*s. and 
the M-cond. if he ean arrange it. pays the inventor 
when hi.H invimtion is a one, and the manu- 
facturer when it is good. The most equitable 
arrangement between inventor and manufac- 
tuixT is that the latter should undertake to make 
and sell the article for a certain number of years, 
IMiying a reasonable minimum annual sum for 
the privilege, and a further small royalty upon 
any numb^ aliove a certain agreed quantity. 
Tlie minimum annual payment is some guaran- 
tee that the manufacturer will take up the article 
seriously*, and the royalty upon the excess secures 
consideration for the inventor if the article 
-prove exct-edingly valuable. 

Limited oomp^iee are often formed solely to 
exploit a patented invention. An invention 
must be of importance and i-alue to ensure 
suc-cesH upon such a scale of w'orkin^. The pro- 
c-edim* of company* formation is considered in 
another part of the SELT-EDrcATOE, 

Faiemts anS Im^niioms amfluded 
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LATIN 


By Gerald K. Hibbert, M.A. 


Sbction 1. 

Miacotlaneoua Idioma 

English. Latin. 


Calpumiti married 
Cit'fiar. 

Cienar mariied Cal- 
pumia. 

He is the 
echolar in the tiohool. 

It does not fall to the 
lot of cvervl>ody to 
visit Naples. 

There are some who 
think you are mad. 

I prefer a thousand 
deatlm. 


I fear Von are wrong. 
1 fear you are not 
wrong. 

I will do it if I can. 
He pities no one. 


1 am sorry to say 
this. 

He perished in his 
vouth. 

1 have asked him to 
come to see me as 
ciuickly as possible. 

I cannot write for 
weeping- 

One uses one tent, 
anotlier another. 

All the best eitizeim 
are present. 

Ft is all o%^er w’ith me. 

You oufirht to have 
done it before. 

On the march. 

On horselMick. 

He departed without 
asking what 1 had 
dom*. 


Calpurnia C«*8ari 
nupsit (lit., veiled her- 
sell for C(Fsar). 

(‘a*sar Onlpurniam 
in m a 1 1 i in o n i It in 
duxit, 

Oiscipulorum, si cpiis 
alius, ille opt i me 
di-seit. 

Non cuiliU't conlin- 
git Neapolim videre. 

Sunt qui putent te 
insanirc. 

Malo sexcenties inori 
(the l^itiiis alwa^^'s said 
sir hundred in 

such sentences). 

'rimcHi ne erres. 

Timeo ut erres. 

Hoc si poiero {fut.) 
faciam. 

Nullius miseretur 
(notaemiMM: gen. and 
a hi. of fiewo not uscnl, 

“ With nemo let mo 
never mck* 

Neminis and nr- 
mine,”) 

Invitus hoc dico. 

Juvenis mortuusest. 

Rogavi eum ut quam 
celcrrime veniat me 
visum {supine). 

Pr® lacrimis scrib- 
ere non possum. 

Alius alio tabc^mac' 
ulo utitiir. 

Optiroos qutsquo 
civis adest. 

Actum est de me. 

Antea te hoc facere 
oportiiit {mtU the pres. 
infimUive). 

Ex itinere. 

fix oquo. 

Discessit, neque quid 
feciaaem rc^avit (or, 
Ita diaoelatt ut non 
rogaret, etc.). But 
not sine with gerund. 


English. 

W'ith your usual 
kindness. 

In front was the sc;i, 
in our rvn\ the enemy. 


He came sooner t ban 
he was expc*cted. 

The House divided 
on the motion. 

Once every four 
years. 

I am on the jx>int of 

got*tg. 

In the open air. 

The sisteiw loved one 
anothei . 

f was within an 
in^h of death. 

.Mind you come. 


He IS not a fit 
jstrson for you to eon- 
verso with. 

I cannot walk even 
u mile, not to mention 
seven. 

At one time he is 
wise, at another a 
perfect fool. 

Home laws wore 
passed, oih<»rH re* 
mained posted up. 

W'^hat is the meaning 
of the word pleasure ? 

I asked him what 
time it w'as, but he 
made me no reply. 

1 am writing this 
letter on the 1st of 
April. 


It would lie tedious. 
It would have been 
lietter. 


L'i'irt. 

Pro tua clement itt. 

A fronto mare, hos- 
les a (ergo immine- 
Imnt. (Note tho*‘back 
to ha<‘k ’* construction, 
eallKi ("hiasiniis. nutre 
and hostes tieing the 
two means, a fronte 
and a iergo the ex- 
tremes). 

Opinione oelerius 
venit. 

Pedihns in senten- 
tiam iverunt. 

Quarto quoqiie anno. 

In po sum ut pro- 
tic* iscar. 

Hub divo. 

Sorores altera alter- 
am amaverunt. 

Minimum abfuit 
quin morerer, 

Cura (or Fac) ut 
venias, or simplif Cura 
venias, {Cura is iro- 
])eralivo of euro, 
rnrare.) 

Non est aptus quo- 
rum eolloquaris. 

No mille passtis qui- 
dem ambularo possum, 
nedum septem (milJia 
|iassuum). 

Modo sapiens, modo 
stiiltissimus est. 

Ijcf^es aliir lat® sunt, 
alia* promulgate fuer- 
unt. 

Quid vult vox volup- 
iatis 1 

Mihi interroganti 
quota bora esset, nihil 
rc’Sjiondit. 

Has literas (or hanc 
epistolam) Kalendis 
Aprilibus scribeham, 
(Epistolary imperfect, 
because to the reader 
the writing is past.) 

I.«ongum est. 

Melius fuit. 
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Engli^. 

All th#' world know* 
thftt you are n(»t eon* 
vinced. 

Inidcad of thnnking 
in»\ he nhUH^tl i»e. 

“ Thw, th<’n. in the 
r€*aMon why jmy ban 
grant4*d U) the 
aoldiorH ; nor ha« it 
|•MeafKM^ our notice that 
thw gift will he* dHfil»»*d 
with the |Kiwon t»f <iur 
eiK'iniew. 'I'lie lilierty 
of the jM‘ople hfiM Uh h 
H old ; <»ur holdiery w 
r<*mov<»<l for c*ver uiid 
han will’d from the city 
and from the r«*|Mihli(' : 
no longer do they give 
way even for v inter or 
the HcaMon of the year 
and vwit their hitmen 
and jKiHHeHMioiih. What 
do you think the 
r<*a<»on for thin jrro 
longinl Her vice ? ’ 

1"h(' toji of the iinmii- 
tnin. 

Krom day to day. 

'I'o Ih* brief. 

Ah far AH 1 know. 

No letter from you. 

Kvery fifth year. 

To make many 
[irom ineH. 

»Se( TIO.V 


Latin. 

Nemo oat quin aedat 
tibi non perMua%um 
etme, 

Quum gratian mitii 
agere de beret, mihi 
nialc*dixit. 

In ratio (ihlif/na. 
Hik* illud ewHe quod 
a*ra inilitihuH Hint e<»n- 
Htituta ; nee ne fefel- 
lisM*, id donum inimie- 
oruni veneno illitum 
f<ire. VeniHHe lilierta- 
tern pleliin : ifmtdam 
in iMTfK’tuiim et ahleg- 
ntain ah urla* €*t ah 
rejmhhea juventutem 
jam ne hierni (piidem 
aul tempori annieedcTe 
ae domoH ae rea iri- 
vwere Huaft. Quarn 
putarent continual. 'e 
militue eaiwain iwne ? 

(Uvv.) 


SummuH num-i. 

l)u'ni d<’ die. 

Quid plura [dieum] ? 
Quod Hciani. 

Nulla tua epintola. 
Qu in t o <( uo() ue a nno. 
Multu pollieeri. 

II. 


Definitions of Grnmmntical Terms 

AfiyfuitioH. TIk* aiinexinu of words without 
n conjunction —f g., tit, hominrtt (god» and men). 

Aptntio)t4i*iii. A Hudden stopping on the part 
of the a{H*aker. though uinvilling or iinnhlu 
to procfMHl — f.'/., /Kneid 1.. Kir>: 

“ rfftf — .'«er/ inotihH prn'«lat comfutn^rf 

finrtHn.*' 

HtnHiatitfH. Tlie jireseiitation of one and the 
same notion in two expn^ions — r.g., “with 
might and main.’' Ckiamffdrm sinumfue {tlwio\dn 
of the cloak: literally, the cloak and the folda). 

A'arlifiV. A word or particle which alway's 
follows another word, ao united to it as to 
Hwm a |>art of it — r,g.. -quo. -ve. 

Palrongmic. A title expreaaing descent fnmi 
a fatljcr or anet'Htor—r.g , AttiHen - son of 
Alceus ; Anchimatitf* son of AnchiacH. 

Stfncojfte. The Rhortenliig of a word hv east- 
ing out an inner vowel : an. patri (pnlrri, 

Spnt»i 0 . A construction in harimmy with 
the aenae rather than with strict syntax— e.y.. 
jmbenmt nvrilio fnnfi - the young men 

come up slowly to the rescue. Here and 
larda would have been strictly needful. 

Cra«i§. The contraction of two vowels into 
one Irmg vowid or into a diphthong. 

Erngmn. llie using of one verb in t wo different 

•eows?— f.g., I., :i04 : mores ei mamia punH, 

loin 


OxtjwutroH. An apparent contradictipn in 
terms — e,g., nptemdide mendax : inJtepultam at- 
j/ftltnram fa mockery of l>urial). 

Periphrastic Conjugation. The participles in 
nrn#, dus may Ijc conjugatKi with all the 
tenses of sum — c.g., to form fut. subj. of omo, 
“ amaiuru^ siw.” 

Lilotes. rnderstatement. saying less than 
one means— “ a citizen of no mean city. * 
non innoria rerfst (deadly words). 

IhtHtcron-Proterim. The idea, logically second. 
Is’ing put fir»it— r.y.. morintnm, d in wedni 
arma ruamns. 

Chiasmvtt Contrast obtained l)y reveT8<‘ 
order vrtti Cttaarem. Itrulum Gallia 
{df dr runt) 

Anajdtora. RejH’tition of the verb to avoid 
the use* of a conjunctifin — e.g., IVni/ rt ujdlnt ; 
tardi ventre auhuld (Virgil. Eclogues X., 19). 

r.\SSAOE TO BE RKXPERKI) IVTO LsTIX. 

A CTl.AKACTRR SKETCH. 

He U'longed to those thin and pale men, as 
(‘H’Hur nainen them, who slet’p not in the night 
and who think too much ; U’furc w'hom the 
most fearh’SH of all hearts has shaken. The 
quiet |M*Heefuln<*Hs of a face, alwa 3 *K the same, 
hid a husy. fiery soul, which stirretl not even 
the veil Ix’hind w hich it workcKl. and was c.qually 
iiiHceeSf^ilile to running or love ; and a manifold, 
formidahle. never-tiring mind, sufficiently mift 
and yieldmg momentarily to melt info every 
form, hut sufficiently proved to lose its<.‘lf in 
none, and strong (mough to lx»ar every change 
of fortune None was n greater master than 
he in sis’ing through mankind and m winning 
on hearts ; not that he let his lijis, after the 
manner of the court, confess a liondage to 
which the prf>ud heart gave tlu’ lie ; hut Ix’cause 
he wa.H neither covetous nor extravagant in 
the marks of his favour and est<s.*m. and b\ a 
prudent economy in thoae means llirough which 
one hinds men. he multiplied his ri’al store of 
them. Hid his mind liear slowly, so were its 
fruits |»erfeet ; did his resolve ripen late, so 
was it firmly and unshakahly fulfilled. The 
plan to which he once had paid homage as the 
first, no resistanei* would tire, no ebanew 
di'stroy ; for they had all stood liefort* his soul, 
U*fore they rt‘ally took place. As much as his 
mind was raised alx>vc terror and joy, so much 
was it subjected to fear ; but his fear was there 
earlier than the danger, and in the tumult he 
was tranquil because he had trembled when 
at rest. 

Latin Version or tub above Passaoe. 

Erat profecto e pallidis illis macilentiaque 
viris quos dieit Cieaar [or. ut ('aosarianum 
illud usurpemlqui insomnia ct nimiaoogitatione 
exereiti terrorem aJiquando vel fortissunis 
incusserunt. Vultui tranquillo et immobdi 
siiherat acer fervidusque animus, qui ne involu* 
enim quidem sibi Operanti quasi prsptentum 
commovelMit, contra fraudem et studia paritcr 
ohstinatus : subforat ingenium multiplex, for- 
miduloaum. indefeasum, ita facile ut nuUam 
non ex tempore formam indueret, ita duratum 



ut nunquam a tua iiMius natora decederot. ita 
validam ut omne8 fortuiue vioi«situdmp« im- 
pune BURtinenn. Hominum indoloR, ut ncmu 
aliu8, perspiciebat, conciliaUat gratiani : quoni 
tamen no piiU*«, urbanorum moro. obnoquiuin. 
quod inHtiaietur oontomptor aniinuR. on^ pro- 
fesBum eatio, sed )K>tiuR ofticu«a» U'novolontiH* 
Deque parcum netpio prodisuni, op<‘H. quiluiH 
devinciuntur hominea, caute di8{»('nKand(» 
auxianc*. Mens ojua, si tard ion's, porfortos oorto 
odebat fnictus ; oonsilia ut sorius provonissont. 
oonstantor tanion ot sino vaoillationo |HTa^‘ban- 
lur. IVoposituin. oiii soiuol pninas dotulissot. 
nuila via oppugnantiiiiu frangon*, nulla* vioos 
laU'faotan* iHvtorant. quipfH' tpias oiuuoh 
animo jamdiiduin pra*orpisHi‘t Qiiantiiin HUfH*r 
torron^s ot gaudia t'lata orat inons ojus, taiitiiru 
tiinori oral subjeota : pra*\ oniobat voro tinnu* 
illo |H*rioulum, adoo ut (pii m tranquillo tn*pid- 
aviHW't. in trepidationo C(‘ton»ruin mani*n*t 
tranquilluH.~^J. Conmgton. ) 

Sk('TI()N 1 II. TRANSLATION. 

Pass.\(je from ViR<;n/s Koixuu kh, or 
I’astokai. Poems. 

‘ THK (JOLDKN A(;K. 

[I’lrf/iV rxprtMMM the qenernl hdpvM #»/ a new 
eru rtf f trace ami prrtMperUtj in lanrjunqe frugqesttre 
rtf the ref am of a hqqone aqe of gold, connecting 
thin age with the hirth of a innj erjtecled in this 
gear, h ( . 40.] 

.\t tibi prinia, pu(‘r, nullo munuHOula ruitu 
Krrnntos bodcras passim < um ba< <’an‘ t<‘llus 
Mixta()uo ridonti 0(4o(’asia fuiidot acantbo. 
Ijma* doinum n fvront diMt4‘nta oa|K*lla‘ 

risTa, nee magnos in(*tu(*nt arnu'uta loonos. 
I|>‘-a til)i bland(HH fund(‘nt cunabuia Horos 
Orndot ot sorjK'ns, ot fallax bt‘rba v<*noni 
Ooridot ; AsH'VTium vulgo nasootur armumjin. 
At sinuil horoum laudos ot farta parentis 
Jam logon* ot ({ua*sit |>ot<*nH c'ognoHoon* virtus, 
MoUi paulatim Havosoot oamfuis arista. 
Inrultisqiio nil>ons fs'iidobit sent i bus uva, 

Et dura* quorous sudabunt rosoida molla 
Paiicatamon »ulx*runt prisoa* vostigia fraudis, 
Quio tontaro Thotini ratibus, qua* cingoro 
muris 

Oppida, qua* jiilM*ant tolluri iiiHndon* siilotm. 
Allor orit tumTiphys. ot altera qua* vohal Argo 
I)oloot<is horoas ; oriint otiam altera Is'Ila, 
Atqiio ilerum a<l Trojam niagnus mittetiir 
Aohillos. 

Hinc, ubi jam Hrmata viriim to IiL'oorit a*tas, 
Cedot ot ipso mari vector. n<*c nautica pinus 
Mutabit raorcea : omnis fen*t omnia tollus. 
Non raatroB patietur humua, non vinoa 
falcem ; 

Robustus quoque jam tauria juga nolvet 
arator ; 
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PARSING 

We have ncm gone through all the parta of 
speech in detail, and have been paning 
worda, perhapa unconJKriously, throughout the 
procem. For to ** parae " a word n aimply to 
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LAMOyAOM-CMOLIM 

Nec varios disco t moutiri laua coloros. 

Ipse sod in prut is arios jam suave rulK*nti 

Miirici*, jam cns'i'ti mutabit vt lleni Into ; 

S|Hmt<* suu sandy \ pascontos M*sth t agiu*s. 

Falia sa‘cla,' sum ilixorunt. ‘ ourrito ' fusts 

t'onounb*** stabili fatorum nummo raroa*. 

Transi..\tion of tuk .\hove P\ssai;k. 

On tIuM*. child, the earth shall In gm to lavish 
without aught of tillagi* her Himjih' gifts, strag- 
gling ivv twimxl with foxghtve. ami eohsasia 
;tlu‘ Egy|>tian lw*nn) with smilmg U*ar s-foot 
tU their own ai'oord tin* sho yonts sliull bring 
lumio their luidei.' swollen with uulU. and the 
herds shall n(»f dread th<* mighty bons. 'I'liy 
very’ eradh* shall pour forth flowers to eaiess 
tins* The her}H'ut. too. shall perish ; |H*nKh 
likewise the treacherous poison-))(ant . Eastern 
spiee ihal! spring up e\ ervw lu'rt*. Rut so sism 
as thou shalt Is* al»le to learn the «*.\ploitH of 
heroes and tlie di*eds of thy father ami what 
their manly virtue is, gradually the plain shall 
turn yt‘llow with waving eorn ; on wild brambles 
shall hang flie ruddy gra|s*. and sliirdy oaks 
(‘Mido the dew born lu»n<*y Net shall there 
link a few traces of early guile. t(j bid men 
tf'inpt the* sea with barks, giril cities with walls, 
and eh‘a\e the earth with furrows Then shall 
Ih* a sei'ond 'I’iphys {bebuHman of the .\rgo) 
and a second .Vrgo to carry the chosen heriH's ; 
there shall Is* the <»ld wars re|M*at4*d and a great 
.Achilles M(*nt again to 'I’roy, Next, when thy 
full grown strength has made thee a man, 
even tin* merchant shall <piif the sea, and the 
pine built shifi shall not exchange its wan*N : 
every land shall bring forth everything. The 
ground shall not cndiin* the hoc. nor the vine- 
yarfJ the pruning hook : the stout plotiglinian, 
too, shall now h>ose his oxen from the voke. 
WcKil shall not learn to assume divers colouis, 
but by Nature's gift (ipse) thi* larii in tlu^ 
ifieariowH shall exchange his fleece for sweetly, 
blushing purple and for sallron (*ve, Of its 
own aeconi sc'arlet shall clothe tin* browsing 
lambs “ .\g«*M like these, run on ! ’ said tin* 
Parcie to their spindles, utt4*ring in concert tin* 
fixer! will of Kate. 

Those desirous of pursuing Latin Prose further 
are n*eommendef( to use .Abbott s * Latin Pros#* 
thnuigh English Idiom " ; “ Arnold s Latin 

Pnsie t orii posit ion, ’ hy Ilradley ; and “ 'IVans- 
lations, ' by Messrs, tlebb, Jackson, and (’urrey 
((•eorge Bell and Sons), to all of which books, 
with the a<hlition of Rohy s Latin fJrammar 
and the Puhlie S<*1 uki 1 Ijitin Primer, tlu* writer 
wiahea to acknowledge his indehtedness, 

N<itE- On page 11H3, section Ha, the word 
essmt should be nint. 
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say to what part of it lK*longs, and how 

It ut related to other words in the* same 
sentence. 

Paming Scheme. 1. Sm s. (ove (1) 
general class — i.e , pro|M*r. common, abstract, 

IfU7 


G 




ooUeotive ; (2) gender ; (3) number ; (i) cnee ; 
(5) reaeon for the caae. 

2. Adjkctive. Give (I) cUum, whether of 

quality* quantity, or relation ; (2) de^poc*, 

whether poaitive, comparative or superlative ; 
(3) its qualihca.tion of the substantive. If the 
adjective in question is pronominal — t.e.* also 
us^ as a pronoun — state this in parsing it. 

3. Pronoun. Give (1) olass, (2) gender (if 
possible)* (3) number* (4) case* with reasons 
for the numlW and the case. 

4. Vrrb. If a finite verb, give (1) voice, 

(2) mood. (3) U*nse* (4) numlx*r, (5) person, and 
the subject with which it agrees. 

If an infinitive or gerund* give (1) voice, (2) 
tense, (3) case, with a reason for the case. 

If a fiarticiple* give (1) voice. (2) tense, (3) 
numlier, (4) case, and the substantive with 
which it agrcHw. 

In all mcxKis, say whether the verb is transitive 
or intransitive, wfiethcr of wTak conjugation or 
of strong, and give the princi))al fjarts of the 
verb — *.r.. pn^^nt indicative, jiast indicative, 
and fwst fsiKiciph*. 

ft. Advrkb. Give (1) class, (2) dt^grw, 

(3) what it qualifies. 

6. I^RKPOMITION. State what it governs. 

7. (JoNjeNcnoN. Give its class, and say 
what wmtenc<'s or wonls it conniH-ts. 

Example of Parsing. 

“ But then the mind much sufferance d<»lh 
o’erskij). 

When gnef hath mat4w, and liearing fellowship ” 

(“ Kinz Lt'ar.”) 
liui. Co ordinati ve (*onjuncti(>n. conne<’ting 
this wmU'nce with what has gone U'fun*. 

Then, Adverb of time, modifying “ doth 
o’erskip,” 

Thr. Ikmumstrati ve a<ljt»ctive, |K)inting out 
“ mind ” (mimetiiiu's ealhsl definite article). 


Doth o^erihip. Verb, tranaitivei, weak eon* 
jugat on. active, indicative, present, singular 
third person, agreeing writh its subject ** mind,'* 
from o'erslnp, o^erskipped, 6*erakipped. 

When, Relative adverb (or conjunctive ad- 
verb) of time. modif 3 dng “ ^th.** 

Chief. Abstract noun, neuter, sin^lar, nomi- 
native, becau^ subject to “ hath.’" 

Hath. Verb, notional (not auxiliary here), 
transitive, weak, active, indicative, present, 
singular, third person, agreeing with its subject 
“ grief,” from have^ had, had. 

Males. Common noon, common gender, 
plural, objective after ” hath.” 

And. (5o-ordinative conjunction, joining the 
two sentences ” Grief hath mates,” and ” Bear- 
ing (hath) fellowship.” 

Bearing. Abstract noun, neuter, singular, 
nominative, subject to ” hath ” understock 

Fellowship. Abstract noun, neuter, singular, 
objective after ” hath ” understood. 

N B. Parse compound tenses of a verb — e.g., 
have been, shall be leatnng, all as one word. We 
could* of course, split Uiem up and parse the 
words separately* but there is no need to do this. 

ANALYSIS 

Complex Sentencoa. The method of 
anal^ning simple sentences w’as given on page 760. 
When we analyse a complex sentence* we first 
pick out the principal clause* and insert the 
suLiordinate clauses as parts of the principal 
clause. Then we analyse the different suboidi- 
nate elauses, omitting the connecting words 

For example : 

” There is some soul of in thim^ evil 

Would men observingly distil it out.’" 

The principal clause is “ There is some soul 
of goodnems in things evil,” and the subordinate 
clause ” (If) men would oliservingly distil it out.” 


Sl’BJKCT 

‘ 1 

Limitation or 1 

SlBJEfT. 

1 

PREOICATB. 

Limitation of 

pRKDICATR. 

Objkct. 

! 

soul j 

j 

(fi) some j 

{b) of goodness j 

Ih 

(а) in things evil 

(б) would men obser- 
vinglv distil it out 

1 

1 

1 

men j 

— 

would 

distil 

[ {a) observingly 

1 (h) out 

it 


Mind. Abstract noun, neuter, singular, nomi 
native because subpH't of ” doth o’erskip,” 
Much. AdjfK'tive of Quantity, positive, 
qualifying with ” sufferanciv’ 

Bufferanct. Abstract noun, neuter* singular, 
objective, govemtHl by “doth o’eiwkip.” 


Again : 

“ If you catch him when you reach home, 
give him the message which 1 will mve you now.” 

The principal clause is “ give him the mes- 
sage ” ; the other three clauaes are subordi- 
nate. 


1, Prlaclpxl Clause 


Subject. 

Limitation or 
Subject. 

Predicate. 

Limitation or 
Predicate. 

j 

Object. 

Lxmitatiom or 
Object. 

(you) 


give 

i 

(а) him 

(б) if you catch 
himwbaayou 
reach hoine 

mMMge 

! 

(а) the 

(б) which 1 will 
give jroQ now 
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2* Subordinate Clauaee 


kANQUAQSO -PItSNdM 


you 


you 


1 


(а) If you catch him when you reach home. 

j catch I when you 

I I reach home , 

(б) WTven you reach home. 

; reach \ home ? 

(r) Which I will give you now 

' will give I (a) You | ehich 

1 (6) now 



ClMsiflcatlon of Clauoeo. As has Wn 

mentioned previously, there are three kinds of 
clauses : 

1. Clauses that play the part of a sulistantive 
in relation to some part of the scntent'c — i r.. 
Substantival clausea. 

2. Clauses that play the part of an adjective 
in relation to some part of the sentence* — i.r.. 
Adjectival clauses. 

3. Clauses that play the part of an adverb in 
relation to some part of the sentence — t.f.. 
Adverbial clauses. 

Examples. SrBSTANTivAi. : “We know that 
Vfiu are tvnmg ’’ (this clause is the obji‘ct c»f 
“ know ”) : “ When the election will come is 
uncertain ” (this claus<» is the subjtH-t of “ is *'). 

AiJJifnn’AL: “ (Jive me the fKirtion of goo<is 
that falleth tome " (qualities “jxirtion “); “Tliat 
is the spot where yeUrm fell (qualifies “ sfxit ’ 
Similarly with all clauses thus intrcxluixHl by a 
relative pronoun (expressed or understood) or 
a rt'lativc adverb. C^re must be taken, however, 
to distinguish such clauses from clauses involving 


an indinvt oiM'slion — as: “ Tell me icAerr Xrlstm 
frll^'* “ [ asked where / urtt," “ 1 know w’Ay 
you have come." In tlu'se sentences the de|>(*n- 
dent clauses are sulwtantival. rep»t*M<*nting 
Hulistantives ; then' is no anUH'cHh'nt to whicn 
they can relate 

Aovkrbial: “ He dusl while I uxie standiwj 
by" (qualifying “ diixl “) ; “We love Hun 
because He first loved us" (modifying “ love ) ; 
“ I>> as I tell ytm " (minlifying “ d«» ”) 

Kxkroise 

(3aiisify the sulHinliniite elau**^ in the 
following extract from Scott s “ Uiy of the Ijist 
Minstrel," and fmrsi* the words m italics. 

" Hut when he rea<*he<l th<* hall of stat^-. 
Where she and all her ladii's sate, 
Perchfinre he wishtHl tlu* laxm dmied ; 

For, when to tune his harp he tried. 

His trembling hand ha<l lost the eaw' 
irAtcA marks WH’urity to please." 

Note. On page 11H,5, lino 2(1 in the scsou i 
eiilumn. in should Ih' than 
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NUMERALS 


1. Cardinal Numbers 


1 The cardinal numbers {adjecti/s numeraux 
rardinaux) are : 


0, ibro 

1, un 

2, deux 

3, trois 

4, quatre 

5, cinq 

6, six 

7, sept 

8, huit 

9, neuf 

10, dix 

11, onze 

12, douse 

13, treize 

14, qoatorze 

15, quinze 
10, aeize 

17, dix>aept 

18, dix-huit 

19, dix-neuf 

20, vingt 


21, vingt et un 

22, vingt-deux 

23, vingt -trois, etc. 

30, trente 

31, trente ct un 

32, trente-deux 

33, trente-trois, etc. 

40, quarante 

41, quarante ct un 

42, quarante-deux 

43, quarante-troU, etc. 

50, oinquante 

51, oinquante et un 

52, oinquante'deux 

53, cinquaote-troia, etc. 
00, aotxsnte 

61, soixanto et un 

62, aoixanta-deux 

63, ■oixante^troia 

64, ■oixsote'quatfs 

65, aoigsiite-uuiq 
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66, soixantc-six 

67, soixante-sept 

68, soixanU'-hiiit 

69, soixantc-neuf 

70, Boixanto-dix 

71, soixanto et onxo 

72, soixante-douM' 

73, soixanto-treize 

74, Boixanto-quatorze 

75, soixante-quinze 

76, Boixante-MHze 

77, soixante-dix-sept 

78, soixante-dix-huit 

79, soixante-dix-neuf 

80, quatre-vingts 

81, quatre* vingt-un 

82, quatre- vingt-deux 


89, quatn’-vingt-neul 
W), quatre- vingt-dix 

91, quatrc'-vingt-onze 

92, quatro-vingt-douzf' 

93, quairo-vingt-treize 

94, quatre- vingt- 

quatorzc' 

95, quatre- vingt-quinzi 

96, quatr(vvin^-M5izn 

97, quatre-vingt-dix- 

sept 

98, quatre- vingt-dix- 

huit 

99, quatre-vingt-dix- 

ncuf 

100, cent 

101, oent un 
200, deux cents 


83, quatre- vingt- trots 

84, quatre- vingt-quatrc'201, deux oent un 

85, quatre- vingt-e^q 1,000, mi lie 

86, quatre- vingt-six 1,000,000, on million 

87, quatre-vin^sepi 1,000,000,000, un mil- 

88, quatre-vingt-huit liard 

2. The old forms for 70, 80, 90, septante, 
odamU, mmantt, sfs soklom seen in print, but 
may oocasioiially be heard Th^r dorivativas : 
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Mejjtuaghtaire, ocUtghuiire, nonaghuiire are KtiU 
in c'f>mmon une to (le»ignate pemonp 70, HO, or 
110 >^c»arH of age. For mtixanlt the correaponding 
form in ttexaghuiire, 

*A. The conjunction et in u»©d in the firat 
nunOxT of every new dcxitade from tnngi et vn, 
‘21, to mtixanie ei onze, 71. It in not uh«1 aftc^r 
cent, hurulnxl ; tent rim/, 105 ; rent t*ingt, 120 ; 
hut hy Home it in ngain iiw?dafler milU, l,0<Kt; lee 
Mille rt Hfu iViiifx, the^fhoumuid and One Xightn. 

4. No pre|x>aition raunt tx* placM^i tx'tween 
the eardiiial riuintx*r and a ncMin ; hut de h 
n*cpiir<xi after ^nillian and milliard, which are 
really nourm : />eux millume de fmnre. Foi 
thin rc'UHon they have nn Indore them when UH<*d 
tn the Kingiilar, and th<‘V take m when in the 
phinil. l ent and mille are oceanionally uaed an 
nouMH of ine^Miiire, and then follow the Hame 
rule : deitjr rente de jetiree, vn mille de fagots. 

5. Vtngt, twenty, and rent, hundreni, take s 
when they an' niultiplic'd hy a numlM*r, hut not 
hdlow'iHj hy one. Ah regartlH tdmjt, s oecurn 
in the one nunilxT HO only : quatre-inngts, deux 
rents ; hut r/iifUre. vingt-un, deux rent deux. 

(i. When vtngt arul rent are UHC'd an ordinal 
nunilx'rni. or wh«*n they cx'cur in datc'H, they do 
not take ' s : tan t/uatrf nngt. the yvar HO ; fan 
hiiit rent, the year H(K» ; /tag* f/uatre vingt, page 
SO ; fsiijr deux rtut. page 200. 

7. WIm'H the word tlioUHiuul o-curH in a dale* 
of tin* Ohrmtian era, and if* foliow<*d h\ another 
niiinlH*r, it is written mil: mil neuf rent ring, 
1005 ; hut I'an mille, the \ ear 1000 

H 'rile < ardinnl nuiniH’rH, and not the ordinal 
iwi in Knglish. an* UHfsl to indicate the order of 
Hiic’t'C'HHion of HovereigUH and the dayn of the 
month, aftc'r tin* tirnt : ('harles deux, Henri 
guatre, le trrntr juillet, h tfuinze mu'rmhe. In 
indicating the order of Hovereignn, no article ik 
iihchI iH'forc' the niiiin*ral. In indicating the day 
of tin* month, an aiticle i^ uhcxI hefon* the* 
numeral, hut no jirc jioait wm aftei it. 

Ih In dating h'ttenc, ligure« an* ccmmionly 
UHC'd. 'riu* use of the* article* In'fore tlH*m in 
optional. Som»*t iinf»M re (thi) is used Thun: 

I^iiulon, Ma\ 2Sth : hmdns, '2H nun. Ismdres, 
If 2S m<»i. hmdres, re ‘28 mtii. 

Ith In indicating the houi of the day. 

twelve ” in not UMt»d. Midi (midday), and 
minuit (midnight) an* uhcxI instead. 

11 In multiplying and adding, the verb faire 
(to make*) is used innlead of “ to bt',” 

hrux fois deux font gnat re. 

1‘wice (two times) tw<» are four. 

Xt uf ft St fit ftmt sfizt . 

Nine and seven an* aixt^xxi. 

II. Ordinal Numbers 

1. Hie ordinal numhera (adietiifs numiraux 
ordinaux) are formed from the eardinala by 
adding i^mr : troisi^mt, third ; hnitihnt, eighth. 

2. If the c'^ardinal number end* in r, that e 
if* omitted. Tlie s of gtuUre-ringts ia aUo 
dropped, quatri^me, 4th ; rmzi^me, llth ; quatre- 
ringti^mt, HOth. 

3. First *’ is vrtmier ; but the regular form, 
nni^me is used for the first of every decade 
from 21st to OUt, and also after ocsl and milk. 
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Ftn^ ei unihne, trente et unihne, cml et unihne, 
mille ei unihne. 

4. “ Sex^d has the two forms serond, 
(fern, seronde) and denxkme. Sexond is used of 
the serond of two, deuxilme of the second in a 
longer series. 

5. In “ fifth ” the m which is the only vow'cl 
that can follow' q is inserted : ringui'eme. 

fi. In “ninth,” the final / of neuf is changinl 
into r : nemdeme. 

7. premier is uwxi for “first” in indicating the 
order of Hoven‘igns and the day of the month : 
Charles premier, le premier janmer ; but le mngt 
ei nn juillet, le trente ei un ofoU. 

H. A KfKX'ial ordinal, le quantierm (literally, 
the “ how'-wnniVM ”) is usixl for “the day 
of the month ” ; thus : Quel est le quaniieme ? 
What day of the month is it ? 

III. Fractions 

I. Tlie ordinal numl>ers are used a*i fraction**, 
except in the case of J. j, j, J. 'rims ; 
un sixieme, ; deux rim/uihnrs, 

‘2. “Half” i.H demi. It is masculine as an 
arithmetical value. When pn^ceding a noun 
it is joined to it bv a hyphen, and is invariable : 
nne demidHuUrille, fialf-a-lK»ttl<* When it hillow's 
the noun it i*gre<*s with it in gender : un* 
tHfuteille ft dnutf, a hottli* and a half ; tifus 
hfur*M tt demit, tlirn* hours and a half .Vs a 
noun, “ half ” is nuutii' : Ui nunfit dt la unit 

*h 'I'hi* “ thirds ” arc' un tiers, deux tiers ; 
the* “ ipiart<*rs " arc un quart, trois quarts 

Exkim’ise Xll. 

I. Write out in French: II. 5, 7, 11, 12, 15. 
lU. 21. 22. ;iU. :U. 44. 55, .58, fiO. (\\K UK 71. 8t», 
Hit, HI. HH. KHt. 210. :i5(>. 7Hlt. Hll. IMtlt. I.2II4. 

‘2. (live Fn^ich for: 1st, •2nd, (two wavs), 4th, 
5th. mb. 2hth. ‘21st. .T2nd, 4,5th. 51st. lifith, 7(>th, 
71st, Sinh. Hist, Hltlh, noth. Hist, HHth, KKtth. 

3. J and 1 are *2, and 2 are 4. and 4 are H. 
and 8 are Ifi. and Itl are 32, and 32 are (>4,. 
and (Vt are 128 

4. 'I'w ice 1 are 2 : 3 times 2 are tJ ; 4 times 
0 are *24 ; 5 t iiues 24 an* 12(1. 

,5. 'Hie minute contains (ro»/»en/) tkl stH onds. 

fi. nie second is the (Kith part {partie) of a 
minute. 

7. (The) light tak(*H (emphtie) 8 minutes 13 
se<*onds to come (rrnir) from the sun. 

8. In on hour there an* (K1 minutc*s. 

H, The day is a period {espare,m.) of 24 hours. 

10. Fnira midnight to midday then* an* 12 
hours. 

II. Tlu* year is composed of 305 da\>i and a 
quarter. 

12. The week {semaine, f.) has 7 days ; the 
moDtii has aometimemiquelquefttis) 31 days, some- 
times 30 days, and sometimes 28 only {seulement), 

13. The month of February, the second 
month of the year, has 28 da%’s 

14. The year begins (on) the 1st of January ; 
it finiahea ifinU) on the 31at of December. 

15. The month of December » the last month 
of the year. 

16. Ihe feast of Cliristmas falls always (on) 
the 25th of Deoember. 
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17. The twentieth centurj’ l»egAn (has begun) 
on the Ist of January. 1901. 

18. VMiat day of the month is it ? It is the 
1st of December. 

Kby to Exercise X. 

1. II n'y a pas de grand^s inaisons dans 
ce village. 

*2 C'es grands arlm's sont des eht nes. 

3. ( es enfants sont les fils de cet avot at. 

4. (V*tte maison-<‘i est plus vieille que cette 
maisonla. 

5. let enfant est reU'^ve le plus applique de la 
elasse. 

<). Avex VO IS pirle a co monsieur et a ees 
dames ? 

7. Pojiqtioi avez VO IS mis nies livrt's sur 
cette table ? 

S Votre frere a arhetc cos ehevaux. 

0. (V p‘tit g<ir<,’on et e<'tte petite tille sont 
tres nimables. 

10 Je n’ai piis eru'ore lu ees joumaux. 

11 Quand <'es enfants sont sages leur nif^n^ 
t*st heureuse. 

12. Nos ptrt'nts sont nos ineilleiirs amis. 

13, (Vtte demoiselle a les ehevcnix noira et 
les yeux bh*us. 

14 I>‘ girvo!i parlo a sa mere et sa s<eur 
parle a s<» i p tc, 

Kky to Exkh< imk XL 

L iiistoirc naturelle etudie les plant^'s. les 
miiKTaux et les animaux. D‘s plant4*H on 
l"s vcgctaux <(>in[S)s<»nt le regm* vegetal. I>es 
plantes sont M*ine«‘H sur la tern* eoinme les 
etoiles dans les eieux. I>*h inineraux stmt des 
(‘orpN dans l inteneur de la terre. 1 >*h rntHaux 
s<eit des inineraux. Dans Thistoin' naturelle 
d ‘s animaux une varieti* intinie d'etrt's vivanta 
pa .H<*nt devant nos yeux. I.<es especes d'luii* 
riiaux sont plus nombreiim'S que les espiVes de 
plantes D*s animaux It's plus utiles aux 


hommea sont animaux domestioues. Panni 
les animaux domestiques il y a les eln'vaux. 
les &ne«. les b<eufs, les vtudies. les brebis i*t les 
eh^vres. Lt's ehevaux sont tiers et fotigueux. 
main ils sont aussi doeiles que eourageux. D's 
ehevaux sont plus eleg<uits que l«*s anes et 
que kvi Ixeufs. I>'urs oreilles sont nu»ins 
longues que les onulles des anes Klles ne sont 
pas si eourtes que les oreilles des iMcufs II y a 
des ehevaux smivages. Ils sont plus forts, 
plus legers, plus nerveux que les ch(*vaux 
domestiipies. mais ils sont moins utiles D's 
anes sont lions. sobn*s et utiles. Ils sont aussi 
patients et aussi trampiilles <pie levs ch(*vaux sont 
tiers, ardents et impetueux. D*s ehiens sont 
aussi des animaux donu'st iques. II y a des 
ehiens sauvages, mais ils sont feroees. Ils 
sont aussi feroees (pie les loops et cpie les eliac als, 
D's ehi'^vres m' sont im-s si utih's aux hommes 
(pie les brebis. mais elk's sont trt'‘K utiles D'ur 
|Hiil est plus rude qut* la laine di's bn*bis. Kill's 
sont plus forti's, plus legi*res. plus agik'S tpie 
les brebis. Klk*s sont vivi'S. roluistc's, eapri 
eieuses et vagabondes. Parmi k'S animaux 
sauvagi'H k'H lions ('t k's tigres sont les plus 
fiToees et les plus cruels. D's renards sont 
sativtigt's aussi. mais ils m* sont pas si k'roees (pie 
k's tign'H Ils sont moins fiToiM's (pn* les 
eliiu'als. D's Ik'vres sont smivages, mais ils 
IK' sont pjwi nuisibk's. Ils sont extremement 
timuk's. D*s I'euri'iiils aussi sont de |M*titH 
animaux fort timides, Ils sont tr('*s jobs el 
tn’^s inl/'ressants. Ils rnurigent di's fruits, di's 
aimuiik's, di's noisetti's ('t (k's glands. II n'y 
a pas d'lVuri'uils dans l(*s champs. Ils sont 
dans k's Imms. sur les arbres eornme k's oiseaux. 

NoTK. On page I iKd, Kxercisi* VI the Ktiglish 
translations of i/nr rriirir and une iUthlt' are 
transposed. Tin* Knglish for imv (rurif should 
r(»ad “a stable for horses and liiat for un*- 
Hahh “a stable for cattle.’ 
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GERMAN ‘ .rtvir By P. G. Konody and Dr. Osten 


XXI. The Infimtivk I*a 8T of the verbs 
IS constructed of the participle past of the 
verb and the infinitive present of the auxiliary 
verb haben or fcin ; for instance: laukit, to run 
(with km); icbrn, to praise (with babm): ^daukn 
iftn ; ^di’bt babfii 

XXII. Weak Scb.stantives have only one 


FeniinincM undergo no alteration in the singular 
(see VI., 2], and take the inflection only in the 
plural. Some neuters also take the w'(^ak inflection 
in the plural ; but having tlm inflections of 
the strong declensions in the singular, they 
iRdong to the group of the mixed dec lension 
V.. 1). 


Table or the Weak Declension 


10. 


11. 


12 


13 


iS’. 1. 1 tfr SWem'd', [the] man tfi the messenger 

2. i rnsSRmid' fn, of[theJ„ trttBrn-n, of the bn ^rau, 

3. j to[the]., bfoi^cte-n, to the „ ter r^rau, 

4. [the] brn©cte-n, the tifjrau. 


the w(jman ibte Qilabd, the fork 

of the IterOlaW, of the .. 

to the ,. itnCJlabfb to the .. 

the „ ilic(Mabfb the 


PI 1. tifSWtntd'-fn, [the] men bte tbemessengers bu f^rau-tn, the women tifCMabel-n, the forks 

2. bfr3Rfnfd>*fn, of [the] .. btr^ctr-n, of the ,. brr Srau-rn, of the b«(Vlabfl n, ofthe ,, 

3. brn WcQf<t«-cn, to[tbe] „ bfii^ctC'n, to the bra^rau-m, tothe „ ItcnOlabfbn, toihe 

4. tif9Rfnfd*-fn, [the] „ bic^cte-n, the twSrau-m. the „ 'bicfWabrbn, the 


inflection (-rn or •«) in the genitive singular, 
which is retained in other cases of the singular 
and plural. To this declension in both numbm 
belong only substsuitivtn of masculine gender. 


1. Substantives ending in -t, *d, -r, take the 
inflection -n [Uble above, II, 13] ; ttr the 
lion, 8. 2. tto-n ; bit ft r r , the sister, pi. t u 
Sdtn’cfttT'n; tie the pen, pf. btr f^eber-n : 
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rie. All otbem lake 'ftt, excepi ^rr ^rrr, the 
maiiter, gentleman, which add* *ti in the mngular 
and 'cn in the plural: Wag. 1. ^ ^rrr. 2 . tri 
■S^frr-n, 3. ttw Jperr-n, 4. fcm pi. 1. bif 

^frr-tn, 2. ter ^m-m, 3. ben ^m-m. 4. tu ^trrti. 

2. To the weak deolcntlcm belong all maeeultne 
Hulwtantivea (a) ending in -t, except trr 
tlk' oheem*. which takee the strong declension; 
(h) thoai^ which have dropped this original final 
wnind (tfr the shepherd ; bfr 

the rifleman; tfr ‘i^urf(b(fl, the lad; trr ^Sbn[f]. 
the ancH^tor, etc); (r) ri'preaentativoa of 
nationalitiea.cnuntrif^, ami towns (rrr 3^iifr, the 
Bavarian ; trr Un'^^ar, the Hungarian ; lift 
the Pomf*ranian ; tft Sebettf, the Scotaman ; fcft 
.Hefaf', the (Vwwack ; Ur the Rufwian; Ut 

.kafffr, the Kaffir; etc ), if the denotation is not 
di'riv'ed from nationalities, eountrien, towns, etc. 

the suffix rr (trr (^uAlant-rr, the Englishman; 
trr .\rlaiit*fr, the Irishman; tfr Ventcn*fr; U\ 
'ilfrltn-rr; trr ‘hhfii-fr, the Viennese; ttr Sd'irrit*fr, 
the Swiss, [^d’TTfi^, Switzerland]; trr ■t'elUnr-fi, 
the Dutchman)*; (d) many masculine sulistan- 
lives of foreij^n origin ending in -aiit, -at, -ft, -riu, 
-tf, -ut, iirin, and -erb Tiamant', 
the diamond; trr ^tralat'. the prelate; trr .ttenifl', 
the comet ; trr 'fiatinit', the patient ; Itx (Vtfi\travh', 
the geographer; tfr .Halbdif', the eatholu ; tri 
'llfi'hdltt , thealcoholisl ; rfr(MfcU\^'. the gcHtlogist ; 
In \1tlremnn', the astronomfr ; cn 'ItbilciVrb', the 
philosopher). 

3 .Most feminine Huhstaiitives ls*long to the 
weak dinlension All feminiru*s ending in -d 
and -n (except Mf 'JWiitfcr and Mr JrdMn, whieh 
are strong and form tlie plural by modification 
of the vowel: Cif Ifliiftn, Cif Jcd'lfr) take the 
weak inthvtion, \ihilst the maseultiH's and 
neut<*rs ending in -d and -n take the strong 
dindensive terminations. Examples: rif .(tuad. 
(he ball. ;*/. J Me .Hiutd-ti ; bn the bird, 

s 2. Itf 'lb'^d-<i, fU. I. Mf 'i\vad; ba^ Ubd, the 
evil. s. 2 brfUbd-iV fd l.btfiibd; blf 'Abfr. the 
vein, ;>/. 1. bif 'Abfr-H; bn ^IMn, the eagle. 
j». 2. bf<< l^bUr s. pi 1. bif tHMrr; bae' klcthr, the 
‘(invent, s. 2. bft(i .ttlvtlrr-^ jd 1. bif .Ulcrtfr. 

XXIII. To the Mixed DEri.sxsioN |»hm- 
V., 1] with Mtnmg infltH’tion in the itinguhr and 
wmk in the fdural Indong several masruUnr and 
nrulrr sulistanlivcs (the feminines take no inflec 
tion in the singular). Some of these nouns are : 

(а) The masculines: bfr C^hrottfr. the god- 

father; ber tfcTbftr. the laurel; bn VlttSfd. the 
niusf'le; ber Uie nerve; ber tb'alm, the 

p«a)m : bn s^mn, the spur; bn vJcfbmrrv the 
pain, grief ; brr 3ff. the lake ; brr <£taat, the 
state; bft ctadifl, the sting ; bn «trabl. the ray; 
bfr Unrtrtban. the subject ; bfr ^^f r. the cousin ; 
bn Amat, the ornament ; bft the rent, the 
tax ; etc. Tn Ten*, the thorn, bfr SKail, the mast, 
and bn *^fau. the peacock fronerally take the weak 
plural with the suffix (it, Imt may also form the 
plural by taking the aufo -c: ^ 1. btr T^ern-fu 
(Tcm-f), bif Slatt fN (3Raff*f). tif 

(б) neutors : bA« the eye ; bo# f^tt. 
the bed ; bo^ tlnbf. the end ; ba« 4pf«b, the ahiri ; 
M# Vfib, the grief; bo# Cbr, the ear; t4< 

* Theee take the strong declension. 
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the woe. angnish ; and several noune of foreign 
origin: boa Anfeft, the insect; bol ^totm', the 
statute ; boa Amrer, the jewel ; etc. 

(c) Masculines of foreign origin^with urnWreMed 
final syllables ending in -h «n, -rr.' For instance : 
m Am'ful, the consul ; bn Xi'moii, the demon ; 
bfr Tcf'tcr ; bn ^rrfrffcr, etc. ; pL bif 
bif T^mp'nni, bk ^oftc'rtn, bit ^reffftVrm. Note 
the change of stress where the plural is formed 
by the suffix -m. Substantives of foreign origin 
with the stressed termination -cr take the strong 
declension with the suffix -f in the plunu 
(XVI., 2, f] witkoHi change of stress: bfr .^umcr', 
the humour ; bft Jberriber' ; boS Mftfcr', etc. ; pL 
bif .t*umc'rf, bif .ttcrribc'rf, bu SRftfc'rc, etc. 

(rf) The masculines: bfr ^ntbf (Srifbm), the 
peace, bft J^unff (i^nffn), the spark, bfr Otfban'fc 
((Vtfbanfftt), the thought, bn (^laubr ((^laubcn). the 
faith, bn ^auff {.^aufm), the heap, bn 91anif. 
(91amfn), the name, bfr £anif (eanifn), the seed, 
bfr «dubf («(hdbfti), the damage, bfr 3itillf, 
('htillfit), the will are used alternately with both 
terminations, hut the first form always takes 
the strong declension of the form in brackets: 
s. 1. bfr "Jlamt (or tltamrn), 2. bf«* 'Xamm-f, 3. bnn 
yianffM, 4. bfn tWamm ; pi. J, tie 9lamen. etc. 
Another noun with similar irregular declension 
is taf .i>fr(. the h(*srt. s. 2. tf? .t»fr(-fnf, 3. tfra 
4. tdfi •ivr(; pi 1. bif .^ifr^-fn, etc. 

XXIV. (‘oMporsD Tenseh or Verbs 
are formed hy the aid of the corresponding 
auxiliary verlw of tense, habfu, frin, and irnbrn. 

1 . The jierfeet is formed hv the jjast participle 
of the verb [h<h»XIV.] and the present imperlecl 
of Its auxiliary verb [h(h* Table V., p. 746]. 

2. The pluperfect is formed hy the past par- 
ticiidf of the verb [si'c XIV.] and the present 
imfterfeci of ita auxiliary verb [see Table V., 
Pl». 746-7]. 

ExAMrLE.M; Uuffii, to run (strong verb con- 
jugated with tfin*), past participle: i(f-lauf-fu, 
(siH* XIV.]; Irbfn, to praise (weak verb con- 
jugated with babfn), past participle: ^r-leb-t. 
(see XIV’.]. 

ITi*sent indicative of (fin : iffc bin ; suh- 
iuneti%’^e: id' (fi : imperfect indicative: idb Rsir : 
subjunctive: id? wirf. Prceent indicative of 
babtn: id> babf ; subjunctive: iifibobf ; imperfect 
indicative: id'hartf ; subjunctive: tdi h^ttf. 

Indicative. Subjunctive. 

Perfect •: icb b i u gdaafrn.etc. idi f f i ^fiatiftn, etc 
idi babe gdebt „ id) babe gelcbt „ 
Pluperfect : id) taa r geUuifen id) » d r e gelaufm „ 

idb batte geicbt „ iib b d 1 1 e gdrbt „ 

* Uufm being conjugated with to he in German, 
the literal translation of the German perfect 
and pluperfect would be : I am run, and 1 was 
run. Note this for all other verbs for whicb 
differing auxiliary verbs are used; <ub bin 
grireieti. I om [have] been ; id) bi n gegangeu, 1 am 
(have] gone; etc ) 

The rest of the conjugation is easily com 
pleted with the help of Table V., p. 746, the 
past p^iciple remaining unaltered. 

3. The fifsl future is formed bv the present 
of the auxiliary verb »f rtm and the present 
infinitive (IV., 2] of the verb itself. 



4. The second future is formed by the preeent 
of the auxiliary verb irrr^rn and the past infi* 
litive of the verb itself. (Table V., p. 747, and 
XXI.] 

ExAiirLBS: Preaent indicative of twrtm: 
t<fc wrrtf ; subjunctive : id) tecrtc. Past participU^ 
of laufcn and Icbfn : ^laufai and ^debt. Past intini- 
tivee of laufot and Icbfti ; ^doufeti [fin, ^dcbt habcn. 

Indicative. Subjunctive. 

First future; id) Wf rt c lauffn iihirfrtf laiifni 
id) ir f T t f Icbfii id? trf rte Irbfn 

Second id) w f r t f qflaufrn id) ir f r t e ^daiifot 

futur); ft in ffin 

id) IT f r fc f ^debt id> ir f r b f i^di'bt 
babfn babcn 

6. The compound forms 'of auxiliary verlw 
are formed with the help of each other, f r b f ii 
is used for the future tenses of all the thnn': 
id) tt*f rbf (fin, babrn, n^rbni, and id) U'f rbf itrircfni 
ffin, ^f^bt habfii, ^fircrbrn ffiii ; whilst in the 
perfe<‘t and plupcrfi'ct friii is conjugati*d with 
itself: id) bin ^cwfini, and icb ivar vifiedcii; 
babrn also w'ith itself: id) babr ^cbabt, and id) 
b a 1 1 f l)abt ; and ir n b f ii with f r in : t(b bin 
ilfiecrbfrt, and icb war i^rtrortfn. 

0. The past participle of Wfrbrn — viz.. 
cifttu'ibfn, is only employt»d where the verb is 
used independently; when used as an auxiliary 
%*erb it casts off the prefix • and reads ; wc r b r n ; 
(^r n't ‘^ur^frmfiilrr ^cwcrbcn, he has liecome 
mayor; but: rr ift turn li'ur^frmdiifr rrnannt 
w c T b f II , he has IxKsn mminated mayor. 
EXAMINATION PAPER VIl. 

1. Which inflection is characteristic of the 
w'eak declension, and wlicn is it taken by 
masc., fem.. and neuter sulwitantives ? 

2. Of which gender are the nouns that generally 
take the weak declension? 

'I. Which sulwitantives take the weak inflection 
with the vowel, and which without ? 

4. Which suljstantives denoting nationality, 
citizenship, etc., take the weak and w'hich 
the strong declension ? 

.5. Wliat is the main feature of the mixed 
declension ? Of which gender are the nouns 
belonging to it, and why can sulistantives 
of one gender never range in this group ? 

6. W^hich weak masculine nouns ending in f 
are also used with another U'lmination. 
and which are the inflections taken by Wth 
forms in the declension ? 

7. W^hich weak substantives have an irregular 
declension, and w^hat are their inflectionn 
in all cases ? 

8. To which declensions belong the substan* 
lives ending in <d and -rr, and w'bat are 
the exceptions ? 

9 In which masculine nouns of foreign origin 
is the stress displaced in the plural ? Which 
is the decleninon of those with the un- 
stressed, and which of those with the 
stressed termination -cr? 

10. Is there any difference in the formation of 
the perfect and pluperfect of verba in 
£ngl^ and German ? Are the aame 
auxiliary verbs employed for this purpose 
in both languages? 


kAMOUAOlg-OSIliiAil 

11. VNTiioh auxiliary verba of tcnw are used in 
the formation of the |M*rfi>cf and pluuerfwt 
of verlw ; which in that of the first future; 
and which in that of the necond future ? 

12. How do the auxiliary \erb8 of tense them* 
aelvea form their coin pound tenaea ? 

13. VV'hat diffcrtmcc la there in the uac of the 
two fonua of the past participle of the 
auxiliary verb ir 1 1 b f n ? 

Exercise 1. («) Form the notninatur jdurnl 

f-f die following aiibstantivea : 

bfr \*lfff, bff .Hna'b<, bn C'haf. bn 'i'ai. 
the monkey, the Iniy. the count, tlie Ikmit. 
bn Vi'icf, bfr '.l^aurr, bri ^Ka'br, bn *',>flb. 
the lion, the jieaaant, the raven, the hero, 
bn '.'lair, ber .i\i if, bn Cd'K, bn 'i'ain, 

the fiK)l, the hare, the ox. the Havanan. 

bfr UiKiar, bfi ^achff, bfv (^Uifihr, bn iiiifr; 
the Hungarian, the Saxon, theCJreek, the Turk; 
bif .Hii vifh bif Sllaii fi, bif 'Hill mr, ^tf '.Jfa'bfl. 
the ball, the W'lill. (he flowiT, the nei'die. 
bif iif'bfi, bif 5uMir«ifl, bif .HafK, bif ViMriu, 
the pen. the drum. tlu' eat. (he liomwa, 
bic (**'ia'hn. bif 'hn'l'ini, ttf ‘Haii'mii, 

tliecounteaa. the ahe wolf, the peasant woman, 
ru inaiuo'fui, tif (Siui'laubfvin, 

the Krencliwnman, (he Kngli-ih woman, 
bif J)talif'iifnn, bif .bihl, bir 'I hmi, buAifubf, 
the Italian woman, thenumlMT, tht'post. the joy, 
bif bif Aiau, bif 'Hilt d)t, bu (^hicl'ift)if, 

the virtue, the woman, the duty, the hiMlory. 

Of the auhatantivea enumerated in Will-, 

a. 

(o) Insert the miMaingdeelenaive tenninations : 
tif narbf bfO yiii^f..; tif «nal)l.. bfr Vann'... 
(he eolnur of tlie eye ; the rays of the lamps; 
bif SWusfcl .... iiiib '.'Ifi'v . . . bfi) iUlnifd) . . . ; 
the muHclea and nervea of man 
tif cd'cnhfit br») Vrr'bffr...; fi ruhff aiu (3) ffiUfit 
the Iwauty of the laim4 ; he rej»oa('d on his 
Vcrbffr . . . ; tif ttjiid't . . . bo) Untfrtbaii . . . ; bif 
laurels; tin* dutii’s of the aubjeet; the 
llntfrfban ... bn inirft . . . iiiit bfr Aurfiui . . . ; 
aubjecta of the princcw and of the prineeaHcs ; 
im cd'atff.. tf? iVcrfl . . . (bfr ilnft . . . pl.j; 
in the shadow of t lie forest (of the foniats pf.j ; 
bif SWad'l bfi) (Mlaubf... frafn0 (4) lif •t)fT^ . . .; 
the^raight of faith strengtheiiM the hearts; 
bn Ubfr^u^ bf^ 'Hftt. . . (bfr ‘Hfir. . . ) in bcrrlid) ; 
the cover of the lied (of thels*ds) ia magniflnent ; 
bif 2tarff tn'litiKf . . . brubt cfi tic dtrafi ttf Vftb . , . 
forces of will brf'aks often the strength of woe 
unb bfb ^dirnfrt. . . ; bif Vnb. . . uiit ^dimcrt. , . 
and of pain; the achea and pains 
warm fd'rfrftid) ; tu J^erm . . be^ C hr . . lliib rf n'dufbf ti ; 
were terrible ; the forms of the e^r are different ; 
tu Icth'tfr tns Tirri'tcr...; ruff b.n 
the daughter of the director; call [thou] the 
J^err . . . ; bu Tirfflcr . . . rciflrit mit (3) 
master (gentleman) ; the directors travelled with 
tfinCMraf . . . ; tu i^rou b^^ ^d)ott...; bu’iUitidj . . . 
the count; the wife of the Scotsman; the whips 
tfS .ftefof . . . ; er rriflf mit (3) finem ©aifr . . . , 
of the Cossack ; he travelled with a Bavarian, 
f infill . . nut mfhrfrm linear. . . 

a Greek, and several Hungarians. 

Continued 
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celling one article for another or of labelling 
margarine with a card upon which it is dt'acril>od 
AS nutter. A purcha>ter hliould never In* 
n*fu8ed, for he may turn out to Ih» an 
inspector. Under the existing law aarapling 
is provided for, and no mix tun* of margarine 
with butler is |H‘rmitt<*<l ; margarine, indtnd. 
is a mixture of butter and a fat known as 
oleo, whicli is not produced from the milk 
of the cow. Nor must butter contain an 
excess of water, although the law has not yet 
established a lixtd jM'rcentage. To U' on the 
safe side, however, no butter should contain 
more than 10 jS'r cent, unless the fact is 
announced by lain*! or word of mouth. If 
butter which has Ihh'U blended with milk is sold, 
the fact must la* shown by laln'l, together with 
the |>ercentage of water present. 

Prices and Profits. Rutter varu's in 
price almost more than any other ^•lasH of 
food In the English market town pnees 
range from Hd j>er {loimd in summer to Is. 2d. 
in winter. London market jiru'i's range high<*r. 
inferior brands lK‘ing usi'less in the wholesah* 
tradi*. Danish butter ranges liigiier than Irish 
by 7s to lOs per ewi., the fornuT varying from 
Is. to Is. .‘M. by the lb, and the latter from 
lid. tols 2d.; Australian, Uanadian. Argentim*. 
Dutiii, and Russnn are all at least a penny a 
pound low(*r than thealiove. (iood sampiesare 
often found among .Australian eonsigninents. 
wliilr of Freruii ini|K>rts the most important 
eorm* from the b)<*nding houses of N(«rman<ly 
and Rnttany. The Ik'sI of thene an* lin<* and 
mild, whih* the inferior liraiKD do not ki‘ep 
Well The best imfK»rt<Hl butt^Ts come from 
Denmark “tlu^* are uniform and keep well. 

.Alt hough the rlieajKT but tersare ( ut low' in pri<*e 
owiriL' to eom|M*tition, the profit of tlie retailer 
is H('ldf>m less than IJd and 2d |mt lb., the 
average profit as obtaimd by the ordinary fradi r 
ranging from 2d. to ‘hi. per lb \Vh< re butt4*r 
is made up into rolls by the maker there is no 
allowance neiossary in surcharging for profit, 
inasmuch as there is no tuni <»f the si ale to Is* 
jirovided for. Where, however, the retailer 
weighs out each parcel for his custonu r he 
frequently ach^pts the objection ible praetu e (d 
making it up lH*hind a H<-.’'cen and incor[»orating 
water, or deftly gives short weight an’ so 
provides for the turn of the w'ale. 

The Shop. In eipiipping a shop great 
pains should lx* taken to make it look 
tasty, inviting, and clean. If the trader ran 
afford the expt'nse involved, he will ilo 
well to take a trip to Paris and examim* 
some of the most daintily equipjicd establish- 
ments in which butter and kindred goods are 
sold. His requirements should be explained 
to a firm experienced in shopfitting, but he 
will necessarily adapt himself to his means. 
His premises should be selected in a busy 
thoroughfare, and on the side of the street 
which buyers frequent for shopping. He 
must then depend upon the quality of his 
goods, moderation in price, attention to the 


requirements of customers, straightforward 
dealing, and the invariable practice of keeping 
his word 

CABINET MAKERS 

The commereinl side of n'lail esbi net -making 
is diseusSiHl in the article o\\ IL^csk E\*R’<isiiiko, 
which np|H*ars later in this course. The prac- 
tical side of cabinet making rtn'cives attention 
in another stvtion of tlie Sklk Knri AioK. 

CARPET MERCHANTS 

It must Ih' clearly understood that no novii*e 
can make a sueees.s of tin* carjicl businsss. 
Ht‘fort' starting for himself a man must, to 
achieve suce<*ss. sis'iire as gmai an all nmnd 
ex|S‘rienee of earjk'ts and furnishing dra|>ery 
as }K>sHible. This ex|K'nenec may Is* obtaimai 
in the cariH't di'partment of the large drafH*ry 
houM's or in the shiqi of some retailer with a 
gocKl going business. AIortH^ver, the earpet 
int'rchaul must have goinl taste, and a true eye 
for colour, so that he may Ix' able to adviw' 
customers n*gaixling harmonious com biiiat ions, 
and also make an attractive window show, 
witli no biy.arre efTints. It is nt>t advisalile 
iiowaduyN to start business in a small way 
with earjM'ts only. These must Ik* HUppl(‘ment4sl 
bv rugs, mats, linol(*ums. felts, trimmings, 
blinds, window curtains and other furnishing 
neeessitif*M. 

Capital Required. Assuming that our 
young man with I’arjK't -dealing aspinitioiis 
is of good character and is well known to the 
wholesalt* houses, he may make a very creditable 
start in the n*tail business with a capital of 
from £4(10 to L'llKl With this Hum it must 
Ik* un(h‘rst<MHl that the business In* (’ontiUiiplaU^s 
IS a medium-cIasH one in the Huburbs or in a 
provincial town. With ability, I’arcfulnesM, and, 
most im{>ortant of all, a gissl knowkxige of 
the trade, lie w ill in the majority of eases build up 
a prolitable and. in somi^ caaes, a lucrative 
business His tnule must, first of all at least, 
Ik* for cash only 

There are thns* distinct clasws of tnnle to Ik* 
done, all more or less (le|M*ndent on tlie neigh - 
UnirlicKKl, on {K*rsonal inelmatioii, and on eu)>ital 
at disfKmal. Tin* first is the high -class trade, 
I'onfined mainly to artistic effwts, self-colours, 
and Oriental designs ; the m#*<lium, including a 
little of that mentirmed, but more of the every- 
day style of gfKxIs ; and the eheap and showy 
ela»s. The man with £.5(10 and the other 
requiMit<»s wi* have mentioned is well quahfied 
for the metlium elans. 

Selection of Premlees. Tlie utmost 
earr* should U* taken in s(*ieetmg a suitable shop. 
A miHJium cloMH trade having liwm decided upon, 
a shop must U* hsikwl for in a busy street, next 
door to a ilrafs^r, for preference, who has 
attract iv«* w'indows and no carqiet defiartment. 
Hut the fact tliat the draper neigh Ixmr has a 
earpet department n<*ed not nc*eesHarily cause 
alarm. In such a case the earfiet man must see 
to it that bis wares are a “ cut atK>ve those of 
his neighbour. The important point is to settle 
in a neigh Ixmrhixxi of attractive shop windows 
and a busy promenade. A gofxl window, is 
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one of tho first requisites of tl^ carpet business. 
It should come to within a foot of the ground, 
and be at least 10 or 12 ft from front to back. 
It must be remembered also that the greater the 
fioor space obtainable the better, as the goods 
are bulky, and need room for their display. 

Fittings. The fixtures required are very 
simple, and a handy man, with an aptitude 
for carpentry, could easily fix up the shelve^) 
required for himself. All that is necessary 
is a few lath partitions for koepint; the stock, 
and some brass rods or poles on 
which to hang light goods. Nothing 
in the way of elal»orate interi(»r 
decoration is re uired, for tlu* 
carpets, rugs, linoleums, and ho 
forth, in a diversity of patterns 
and colours, are the dwora- 
tion iioHHible, The linoleums will 
stand well enough by themselves, 
although for unwieldy and for 
very long rfills a wan>housc rack 
such os that illustraU'd— which is 
a design by Mf^ssrs. M. Naim &. 

Limit4^,of Kirkcaldy and Lemdon 
— is a valuable time saver. It 
must l)e well and strrmgly made, 
as the weight it has U) sustain 
very grr^at. But for rolUnl carpets a 
upr^ht partitions from fltx)r to ceiling, pro- 
jecting alsnit 2 ft. from the wall, an* all that 
is nmhHl. Oriental ear|>ctH an' kept folded, 
but other seamUsts carjwU and linoleuniH should 
l>e Ht4KKl on end along jiart of the wall. Shelves 
alK)ut .1 ft. (h'cp will lie found most convenient 
for the hn*adth go<Mls, and rugs and mats may 
lie kept folded on th<* lower shelvw. Any sriare 
wall S|ia<v may with advantage Ix’ covered by 
hanging eariM'ts and rugs, urrangtxi in tasU*ful 
style. 

The window should lx* dn*«sed at least oiicx* 
a wwk, and the far-seenng man will make his 
window displays a fealun* <if the noighlKiurhmxi. 
A window with all the gixxis thennn in shades of 
rose, green, or blue, is magnetic in its attrai'tion, 
but cart' must lx* taken that the shades har- 
monise. 'Hie rt'marks on colour harmony on 
page 510 may lie noUxi. Turkey c'olours make 
a goexi window disnlav, but what art* known as 
ordinary Driental ut'signs are the most easy to 
use, as tliey invariably harmonise with each other. 

The rent which the beginner would pay 
for such a shop in a town of gotxl sixe netd not 
be more than £90 per annum, and the fittings 
ahouki not cost more than £30. The best time 
to start is about February, for the “ season ” 
begins early in March, wlien the housewife turns 
her thoughts towards that family bugbear — 
** •pnng cleaning.*’ 

otan. To begin with, the proprietor will, 
if poasable, live on the premises. A man who 
haa learned his trade properly will be able to 
measure for, and, if necessary, lay carpets and 
linoleoins, and this he will do'at fimt himself, so 
that all the help he requires will be a good 
strong errand boy to deliver the goods. With 
an inoreastng btMineia. however, he wiU find it 
advantageous to engage a handy man who can 
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plan, cut, take measnres, hang blinds and 
curtains, and lay caipets. There are many such 
useful men in toe trede who may be secured at 
from 308. to 358. a week. The proprietor would 
thus be free to attend to customers, and he 
would have a reliable person to leave in charge 
of the shop during his absence — for it must 
be remembered that he must seek for business 
out of doors. Where removals are, there he 
should be, keeping a keen eye on the new-comers 
Uy the neighbourhood who may want house 

furnishings, and 
u n o b t r usively 
and politely let- 
ting the public 
generally know 
that he is the 
man for their 
m*eds. As soon 
as trade will 
permit, it is ad- 
visable to em- 
pl(»y a woman 
to sew up new 
carpets and to 
alter old ones. 
In her spare 
time, if she has 
any, she may 
lx* profitably 
employed sew- 
ing on ti<*kets, 
dusting, arrang- 
ing the small 
things, and 
doing other light 
work. 

StocK. Small 
capital necessi- 
taU*s a limited 
and carefully 
Helt»cted sUx'k. 
It is perhaps liest 
to keep at first 
to seamless 

car|iets, or to thow* mode on what is knovm as 
the Chlidema principle*. Hy this is meant that the 
carpets are constnicled in breadths each of which 
is a complete pattern, and earpets of any size may 
be made by sewing these breadths together. A few 
breadths of different jxittems will, therefore, be 
necessary. Samples of ordinary breadth carpets 
which are kept m stock by manufacturers can 
easily be obtained, and in most cases these will 
be left on show for some months, and if orders 
are obtained, a fresh selection wiU be sent from 
time to time. This applies practically to 
all the recognised makes of carpets (except 
Orientals), and to felts and linoleums. Supposing 
that £300 is spent on ordinary stock, it wo^ be 
ai^iortioned somewhat as follows : seamless 
Axminster carpets. £50 ; Brussels squares, £30 ; 
Wilton sqnarea, £20 ; Roman squares, £30 ; rugB, 
£20 ; mats, £10 ; felts, £15 ; Axminster 8ti^< 
carmttiigs, £30 ; Brussels stair-carpeting £20 ; 
Unomins, £55 ; and sundries, £20. If Sere be 
no one in the nei||^bourhood who sews up body- 
carpeting, there are se%'eral planners in Londoo 
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And other Urge ceotiee who work for the tiwdo, 
end, failing theee« the manufacturers will in most 
oaees undertake to get the work done for the 
retailer. 

A very good show may be made with such a 
stock, especially when it is borne in mind that 
this by no means represents the retailer’s re- 
sources. It is not essentia] that stock be kept 
of such things as window blinds, trimmings for 
furniture coverings, and so forth. A fine selec- 
tion of samples in innumerable ftattems will l>e 
supplied by w'holesale houses. This applies also 
to sergi' for tableelotlis, Itall fringi*. and 
creUmne bandings. A lx)x of abjut 100 samples 
of these involves m> outlay of capital, and gives 
a large selection to the eustoiner. Manufaeturt‘rs 
will supply pattern iKxtks of linoleums. fiiMtr- 
eloths ami felts, and (»r<iers for all lengths will 
usually lx* exeeuted by n*tuni. 

•* Obrien tala.** Oriental ear(X‘ts an^ usually 
obtainable on sale or n‘Uini. If the mtmey will 
mil to it. and the neighlHmrhfMxi b«' favourable, 
a show might U* made with a few Turkey. 
Persian, Indian, Jajmnese, an<l('hineHeear{M‘tingH 
—all of which are classtxl under the lu'ad of 
Orientals. .\ sum of £^10 thus s|H‘iit would give 
a profusion of colour to the new establishment. 
Roman squares, or art s(juareM, as they art* often 
called. ar<* very {xipular iiowjwlays. In rugs the 
prin<'i()al things to seltn't an* hearth-rugs. lx*d- 
nxim rugs, and skin rugs. The stoi'k will have 
to inc lude felts in gnH*n. blue, and enmson, and 
plain fc‘lt for " surrounds.'* Ix'Mides underfelts 
for putting U*m*ath ear{H*ts for rcKuns and stairs. 
The gtuieral widths for stair carfx'ts art^ 22| and 
27 in. (Iimc'se. Indian, and Japanc^' mattings 
are cheap, make a big show, and wll quickly. 

Side Lines. As a rule, carfX‘ts are sold 
along wnth other '* soft gcsKls,'’ such as furniture 
ctoverings, curtain maU*rials, blinds, and, if 
huccTessfiil, this branching (»ut c’hii Ik* carrieci to 
great length, and will inc*reaHe the profits. Those* 
things include picx*e muslins, crasement cloths, 
Nottingham. Swiss, and net curtains, Madras 
muslins, etc., of which a fair selet^tion can 
obtained for £2.'). Then there are fam*y cushions 
(a few of which add to the attraction of a window 
display), table-covers, tabk^cloths, piece tapes- 
tries for furniture coverings, curtain damasks, 
plain serges (for table-cowjrs and for porti^rcts), 
cretonnes and chintzes, all of which will absorb 
another £40. Lastly, about £15 worth of general 
trimmings, such as curtain -loops, tie-baclu, etc., 
will be found necessary. Other oddments not to 
be neglected are Japanese screens, Japanese tea- 
trays, paper- baskets, work baskets, all of which 
(XMst little. Hassoclui are made up from waste 
<*uttings. Waste mitres from the comers of the 
borders of breadth carpets are made up into 
scuttle- jiats, while odd Brussels cuttings may 
be made op into slippers. 

Crwditt PrIcM, aad Frollta. The man 
with a good record and a ba^nkipg account 
win have little difficulty in getting assistance 
in the way of credit from the whol^le houses. 
These are matters of arrangement, and vary ac- 
cording to the circumstaiioes, but the usual 


credit terms nmy lie put at from one to three 
months. 

The average profit on carpels proper may be 
put dowrn at from 20 to 25 per cent, on the 
return for t he regular selling oualit ies. BrusseU. 
Axminster, tainnitry, and nilton carpets sold 
by the yard are much cut in price, and if one 
of these car|>etK cost, say, ‘2 k. jier yard, it would 
have to be sold at probably not more than 
2 h. (ki. fK?r yard. ThiiH, a borderixi (lihdema 
ear|K't, nine ftH»t square, that hi'IIh at Hfts. would 
prolmhly cost alHUit *2 Hh. A K(*amleHM Kelmseott 
of the same size Helling at £2 would cost 33s.. 
and HO on. Naturally, as one gets into the Hm^ 
and more ex|K*nKive grades profits are higher 
in proportion, hut the beginner would have t(^ 
Ktoek at first (he ordinary sellers, and look for 
his rei'onifMMist* on the foreign makes —Indian, 
Turkish. Pt'rsiaii, etc Ixirge carpet dealers 
prottH’t themH<*lv<*s against tliis “initting” by 
gi'tting makers to eontine certain patterns to 
them, and if a part K’lilarly sehn't pattern is 
thus H'strieted ti> a sjMH itii' dealer, the latter 
can, of <‘oiirH<*, sex'iire an enhaiK i'd profit On 
ft»reigii cariK'ts one may look for a 33J jM*r 
cent, profit on the return, hut the odd lengths 
of yard gocMis must always Im' kept in eon- 
Hideration, for on these prohalily only 10 t<> 
15 |x*r cent, would 1 m* obtaiiu'd 

In buying eariM'ts, iw* in other things, the 
retailer should always ke<*p a keen eye on the 
hargairiH to Im* picked up from the makers, and 
the smart buyer will often more than counter- 
balance his losses in this way. 'Phe general 
diiM’ount to ri’tailers on a monthly luTount is 
2J |M*r cent, off wdiolesale prii-es. In some <*as<*s 
diiu'ountH even up to 5 fM*r <’ent may Im* secured, 
and III rare instanees IJ to 2J per <‘enl. more 
may Ix^ given for cash paid on delivery. But 
•21 !H-r cent, off the wholesale price, payable 
in a month, IJ percent, for twii months^ ercMlit, 
and net prices after thr<*<* months, may Ixi re- 
garded as the rule. The profits on (he furnishing 
draperies and other sundru^ are about 33] 
|KT cent., and the skilful man will eiisily even 
up his total hy a judieious pushing of the 
more remunerative lines. 

LinoleumA. ITie chief market in lino- 
leums and Hoorcloths is in the cheap varieties 
costing from fid. to Is. a M(|uare yard, and 
yielding [irotits of from 2d. to 4d.. or 6d. a 
square yard. The higher qualities of surfacr* 
pattern linoleums have lx?en killed by the 
inlaid patU*mH — so called — which retain their 
patterns until worn to the canvas backing. 
It is prolxihle that inlaid linoleum will be 
made in ever cheaper and cheaper qualities. 
At present retail prkjes range from 3s. to 4s. 
a square yard, showing a profit of 2f) to 30 
per cent. Oex^aaions often arise of buying 

job linoleums— i.e., short length remnants 
or pieces with sligbj: faults— at a good deal Isas 
than regular prices. Borne new firms are even 
givm to manufacture jobs” — that is, to sell 
perfect gocxls as job, so as to maintain output 
and get kito the market. Buoh occasions con- 
stitute the buyer’s opportunity. 
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Group 1 

HAY AND HAYMAKING 

AGRICULTURE 

11 

Nature and U tea of Hay. Qualities of a Good Crop. Chemical 

OitiUui»Ml trum 
iwf* I3H0 

Constituents. Cutting the Crop. Processes Involved in Haymaking 


By Profeiior JAMES LONG 


hay prod'i<c<l from iho mixed of 

the meadow -from tlover, mixtoren of clover 
and jMirti<'iilar graHMe>«. from rye jj^raHn, tiniotliy 
tfraaK, lx)th of which are occahiooally aowii 
Slone, from lucerne , and from sainfoin — by the 
aid of the Him and the wind When green ojUh, 
rye. or vet< hes, are cut rtkI dried in a similar 
manner, they are also frequently (h'mrib«'<l aJt 
hay. 

^Hie dried grass of the meailou is known as 
meadow hay ; hay of otheT kinds is usual ly 
deseril»e<l as mixture where the pl/ints eom{K>sing 
it are mixe<l, or by tlie name of the particular 
plant \^hieh has Insm cut. Hay is chiefly 
employed »»s a fo(»<i for horses, cows, and sheep, 
Growers within reasonable distances of large 
iowns Htuid their Iwsf hay to market in trusses 
of 5(1 lb. each. *t(l trusses forming a load. 'I'he 
tniHsed hay 
which has Imm'u 
pressetl weighs 
volume for 
volume 50 per 
cent, more 
t. h a n h a y 
trussed by 
Iwmd. When 
hay IS i'hesp. 

AS it lias be<<n 
for some few 
years, it re- 
turns a very 
small profit to 
the g r o w I , 
the average 
Englisli yield 
being only *24 
cwt, to the ttore 
in the ease of 
meadow hay. 
and 2t( rwt. in 
the case of 
clover iwnd other ivrtihciivl griksses. When le»»s 
than 5thi. a loatl is rt'alisixl for a puni sample it 
is wiser to ftn'd the erop to stm'k on the farm. 
Hay is not likely to rise st'riously in price in tlie 
near futun> owing, in part, to the fa<.*t that with 
a »u list ant ial rim^ large consignments are sent 
(rom abroad, thus ensuring a fall, and, in part, 
to the fact that the motor-car is so largely taking 
the place of the horse. In grass counties, as in 
the West of England, hay forms the chief winter 
nktkm of the cow andf the Hock ; in arable 
ooosties meadow hay is but little groam, the 
•attle being chiefly fed upon roots, straw, cake, 
and corn. 

QumlltiM of Good Hoy. The beat bay 
k nroduced from eariy^out graM. The grei^ 
coa^ity of fanners prefer to cut later in the 
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hop'* of obtaining ii gre^iter weight per Acn* : 
but this extra weight, tangible llougii small, 
is a-eomjianied bv inferiority in the quality- 
The seeds are in large part formed in late-eut 
grass, and, although small, contain the chief 
b*<*ding nro{H*rtie.s of the plant, hut they are 
largely slic'd. W hat therefore remains in stem 
and leaf is tough, stringv*. and litlb* Is'lter than 
straw. (lood hay should not only Ik* highly 
nutntiouH, hut fragrant, green, and tender, 
and this may Ik* secured while the g^»K^ 
IS still y^>■lng and suceul<*nt W'heii gras-*- 
is cut early, a larger and much more valu- 
able after -growth is obtained, while tlie work 
of the farm i.s advanf<-<| On the conlrary. 
when It is eiil late, not only doe^ tin* (piulity 
sutTer. and ( cumejjiient ly tin* market value of 
the crop, hut the after growth m dry seasons 

hc( onies very 
s anty. The 
tragranee of 
hay depends 
partly upon 
till* gra-s>es of 
which it iseom- 
po.s«*d. partly 
ii{Km the skill 
<*xer<'is(*d m 
making. and 
partly u}m>:i 
}> ro|w‘r heating 
in the stack. 
(ircHnness is 
secured chiefly 
by wind -dry- 
ing. When the 
sun IS powerful, 
hay ivS easily 
hh*aehed unless 
it IS quickly 
htvndled and 
carrejd. h u t 
even then the colour is not so jx*rfci't a.s 
when it IS dne<J chiefly by the aid of a warm 
wind There an* inAn\ buyers who prefer 
hn>wn hay—i.t., hay wliieh has IsK'n sun-druKl 
and pro|K'rly heated m the sta^k. 

Enect of Rain and TImo. Both 
colour aad fr.igrance lis well as feeding value 
are lost where hay has b<M.*ii wetted by rain, 
or when it is carried and stacked before it 
in suflici^tly drJ^ If carried when too dry. 
tramnee and aucculence are Iwt altogether 
witi colour and flavour. Rain, however, is the 
greateet «iemy to hay, inasmuch as it not only 
waahea out the soluble albuminoids and other 
feeding materials, but there is a danger of mould 
in the rick^ Old hay is fuller in fragrance and 
deeper in colour than new hay. and aa with timv 



HAY TEDDKR 





AQIIIOU’.TUIII 


Chemicml Constituents of Hay. 

Acrordinj; to Waring! on ™ iigiHHl authority 
- a crop of mt’iuioN^ hay woighiiig lA tonn 
contains^ 40 Ih of mtrogon, r»0‘tl fh. of 
^Kitanh. '.V2 ll> of lime, ami l*j ;t U». of 
pluwphoru' m ul ; whili* a '2 ton ( itip of 
ixhI rlovor hay (‘tuitainK IKK Ih of nitrog(*M 
83*4 ll>. of ixUaslK OO Ih, of hmv. jitul 
24*0 Ih. of phospiiono m ul. riuih. llo* 
hay crop roinovos from thr mnl as mm li 
nitn>g(*n and a groat tioal imu'o |M>tuKh 
than a orop of tutlu'i* \\hoal. haricy, or 
<MitK, \AhiIo a orop (»f clovtT rt'iiiovi’H nrarly 
tuK'o aa muoh nit!H>gon, moro than twua' 
an nnu'h |M>taa)), and niigldly moro )>)ioh 
pliorio ai id tiian (Mtljor of tlioH<* oorral 
MowiNi! MA(‘HtNK (TopN 'Pho Haiiu' oluMnirtt poudw o\it that 

a crop of tncado\\ grasH weighing a tona 
sottlcM in the nek. it weiglis more per euhie <Hpalile of pnaiuemg 1 t.ms (d liav eon- 

Apart from the points to whieli we have ll». i»f ecmihustihle material -eiirlK.n. 

eferred, the ipiality of hay depends u|Mm the hvdrogen. nitrogen (40 Ih ). oxvgen. and sulphur 
erhagefnwn which It 1 .M prcKlueiHl. 'Phere should. * otHf Ih. of mineral maiter (ash), ehietlv 
)r example, he no plantam, Yorkshire fog, dock. potash, lime, and silica, the halam'e being water 

.napwtMHl, and little of the inferior grasses In pYtmi thest* figures wc can praetK-ally gauge the 

II samples of nx'adow hay. clovers should form a 
arge projKWtion. The h‘<*ding value of hay may 
M* estimatt'd from the following analyses: 

ANAI.YsIs ok V\Hlol s lf\N ( ‘hops 
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inanurial value of hay as compiired with other 
foods 'Paking c(>tton cake a.s lepresenting 
l.tHNI. elo\ei liay is plaee<I at .'flu and memiow 
hay at 235 Thus, weiglit foi ueiglit, nieadow 
hay of iiKKtium (pmlity is practically ispial !<► 
the cereals, and much superior to the eereni 

straws, whih' mat tin* clover hay is 

.U(M*rior to either, chiefly owing to 
its riehiK'SH in nitrogen and iKitash 

Cuttins the Crop. In 

making clover hay if is important 
to collect the crop Isdori* the* 
leav«*s have iN'eoine Icki brittle, 
inaHniueh ivh they break up by 
harirlling. to the great loss of tin* 
fariiu*r. It shoidd Is* a rule* in 
cutting to mow' me more than ran Im* 
maHten*d shoidd ram threjitem. A 
crop had Iwtter Im? cut laUi than 
marie in wet W'eathcr, whem it in 
too wwily detstroyed Hay under 
hand nhould l>eno larger in quantity 
than can Jx* put into the coi-k at 
I very Hhort notice. In thin form 

hay ia practically aafe from destrue- 
tion unlcm wot weather continues 
; Vy i return of the «un, the crncka 

S,:; ahould be moved or opened, not 
only that the hay it»*eif but the 
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without any hand or machine 
work whatever. A good crop, 
however, after ^>ing in the 
swathe sufficiently long for 
the upper surface to be 
partiaUy dried, is turned 
over by men armed with forks, 
or by the modem implement 
known as the swathe -turner. 
In due course the partially- 
made hay is then shaken out 
by the men or hy hay tedders, 
drawn by one horse and dri ven 
by a boy. 

RnKing into Wind- 
rows. It is subse<|iiently 
raked into windrows, anci 
when, in the judgment of the 
farmer, it is tit for the rick, 
the earts are loaded, it is 
drawTii to the sta^’k-side. and 


rt’TTINi. A TIIUKK YKARs' I.KV 

ground ii|>on which it h)w* stcMsl may he drteii 
In fHvrts of the north of Hritain it is comnHin 
to cover tin* huyefu ks with a eomprc'Msed pa|x*r 
capo?- shi(‘ld lii other jmrts. when' wet weatner 
previiils (hr liay m nimle into stnall HtiM'kn 
ueighitig uImhi( half a ton. 'liiesi* staeks arr 
skilfully loud^Kl u|HMi lorries uhen tit to carry, 
and retnovfsl InkIiIv to (he rick on to the top 
of uhieli (lu'V are elevated In Swtsien, as we 
huv<‘ seen, it IS a <ommon pnu'tiee to hang 
gnuts u|Min honzotital |M)les (hat it may lx* 
air-dru'd in (lie al>sen<'e of sun and wind, hut 
(he laUiur invoivKl is consKlerahle. 

Mowing, Hay was formerly cut hy 
the si’ythe. hut in then*' latt^T days it is 
nlmr»st uniM'rsally mown hy a machine which 
praetically I'overs an acre m an hour. Tlie 
scythe makes lieuiier work, and damages 
the hay h'ss, hut mowers are now siddom to 
be found, and even where they are lu'oessary 
the wng<'.s they rtnpiire art' much too large 
to pt'rmil of the practice Is'ing continued. 
VVlu'rt' a crop of gnvs.s is light and the weather 
tine, it is often tlned in a few hours, drawm into 
windn»w's wdin txhttrsr rakt , and t'arted to the riek 


either lifted hy hand, hy a 
needle, or a pair of gripping 
irons fixed on a pulley, or by 
the nommonly used elevators. 
Hay in the windrow, or even bt'fort* windrows 
have IwM'ii made, if it is fit, is hy many advanced 
or progressive farmers dragged to thi’ nek by an 
.\mt‘ri(‘an swci-p tlrawn hy a pair of horses, so 
that hauling eithi't' hy eait or waggon is uii- 
neee.ssaiy In some cases, too. an implement 
which IS attached to a waggon i** I'rnpkiyed to 
take up hay as it passt's along the windrows, hni 
the former plan may U* n'garded as the Is tter 

Loading. Tiuler ordinary circumstance's, 
the hay is loaded into carts or waggons hy 
men kiiowni as pitchers, erne on either side, 
two l<»adcrs being employed on a waggon 
and oiK' on a (art In this case each vehicle 
IS followed hy rakers drawing a hand-drag, 
and suhsc'ouenlly hy the horsc-rake, hy the 
aid of which the field is thoroughly cleari'd. In 
all thtw* matters judgment is requin-d. not only 
to prevent partial de.striiction of the crop, but 
to ensure quality. 

StncKing. A stack of hay varit^s in 
weight per cubic fiK)t in proportion to its 
age. ita eompoaition, how’' far it has heated, 
and in at'coi^nee with the part from which 
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it b cut. Thuft, in the centre of a rick, 
hay weighs much more than at the top or 
the outsides. When it is well heated, fer- 
mented, or sweated, from 8 to 10 cxibie yards 
will weigh a ton. mon' Unng rt^quinni in new 
liay than in old, or in hay than in that 

which has well stdiled do\m Thus, experienec* 
IS required both in at'lling and buying ; it in 
consequently wiser for the inexpt*rienet'd to scdl 
by the ton rather than by the stack. 

Hay Barns. Instead of lacing built in 
stacks or rieks. bay is sometimes built in 
liay bams. These are usually constructed of 
iron standards supporting eorrugat<‘d gal- 
vanist*d iron rtKifs. Soraetimes. however, the 
structures are of woml with Imarded roofs, 
each board being slightly grooved near I'aeh 
inlge and placed from \ to \ in. from its 


employed for keeping the thatch in position. 
These rods art* )H)itited at eav'h end, twisted and 
iK'nt in the centre, and grip the straw lis they 
are thrust into the hay on the roof, like a 
hairpin. In lUher eases, tlu' stakes are siiiiply 
medtn on which the thatching twuie is iHiuncl, 
but praetieallv the object is tlie same, the 
maintenance of the thatch in its place Thatching 
is an opi'ration which nectls consulerat>le practice 
and skill, goo<l workmen Inung exto uiely scarci* 
ft is ohviims that Indiue ihatclnng iH'gitis 
the rick should have sc'ttled. and tlmt the roof 
should Ik* well raked, even, and solid, for Nshere 
there are depn^snions. or settlements, aft4*r 
thatching is complet<Hl. rainwater finds its way 
into the hay. It is siKMually impi'rtant that tia* 
ends of the roof shouM Is* that<'hed extra tight, 
and well finished, or wind may n'liiove the 
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neighbour. If hay barns are costly, tliey are of 
great economical value, for the hay is out of 
danger immediately it is uncU'r cover, winch is 
not the cast* where the stacks are built in tlie 
open — in spiU* of the common practice of using 
waterproof sheets— until the thatch has been 
laid on. 

Thatching. It is wise to prepare ( he thatch 
before the haymaking season ttommenetrs. 
Thatching straw should be long and strong, and 
the produce of the wheat crop. As the straw w 
required, it is placed in loose heaps and well 
wetted. It IS next drawn in yelms. or small 
bundles, w'hich are carried by the assistant to 
the thatcher, and laid on one by one, the work 
beginning at the eaves and ftnishing at the 
ru^e. In some districts split hazel rod 4 are 


thatch and exposi* the Imy to damagt*. 'riiatch 
stiould Ik* a foot thick, in which caH<' the w'hcai 
straw required will Ixr nearly r» ewt. per siiuare 
of MMI ft. 

Cost of Cutting and Binding. The 

cost of cutting and binding hay for market 
varies from .is, to 4s. per loiwl avi-raging in 
round numU?rs Id. a truss, the sum usually paid 
for the rough hay left on the farm, (’lover hay is 
frequently bound with straw bands ; this 
improvits its appearanm^, and is more economical. 
Hay growers adjacent to large cities usually 
load their carts over night, the men leaving home 
in time to reach the market early on the following 
rooming. In the various hay markets hay is 
sold on uehalf of the ciwm^r by salesmen, who arc 
l»aid by commission, which they deduct with the 
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iiuaki't if uny. from Uu* sum n-aliMoil. 

SaloHinoti. l»o\M \rr. nhould Iw iiiKtrucIcKl to hi *11 
ail ronHi^iimontH tn tho rnarkiM. and ncvt-r tomuid 
tluMU dnri t to rustoiiu'rH Hanilsonu' protita art- 
oft<*n made l»y rx|HTU‘not'd mmi in luiying hay 
hy thf ni'K ; tin* hcIIit, howcvar, slioidd ho 
fj:uard('d in pitting his own jud^mi'iit a^aitiKt tho 
^roator rxiH'rioncr of tho hay (h'alcr. 

Meteorological Society. During tho 
haymakiutf wason Hoim* assist am t- may In* 


ohtainod l)y Kiihs<Tihin^ to tho Royal Motooro 
toguai SiKMoty for daily h'lograiiiH forociistin^ 
tho woathor. In th(‘ prontmt Ktat<' of oui 
knowlodjjo, howovtT, wo aio lamnd to say that it 
in not to plac<‘ too implicit a faith in forc- 
ciirtta. NoverthcIoHH. the char^jc ih ho Hmall 
that a Hinpio day n htdp in iImh directum may 
1 m* Hufticicnt to Have Home acres of hay, 
the Hal vagi* of which might not olherwine have 
U*t‘n attempted. 
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ACTION OF FLOWING WATER & ICE 

Erosive snd Transporting: Action of Running: Watei. Delus and 9 

their Formation. Glaciers and their Important Work. Moraines 


By W. E. GARRETT FISHER 

\Y/E have aln'udy wi‘n that a |»Hii uf tin* mu I over which 

rain which falla ii|wm the Hurftice of extent of the wo 

the earth winks underground, and thert' |ior- tiiMm the natun* 

fomiM imfKirtant geological work. Hut a git'at a long while to 

deal of the water which ih precipitat<‘d from granite, w'liereas 

the atmosphere d(H*w not sink into the ground. gigantic valk*y in 

hut remains on the surfai'e, in the formn Rivera Malt 
of brooks and riverH, whic'h run into lakes Then* m a gi'eat 

or into the sea. Thin running water performw the valleys thrmi 

a very' imfxirtant work of erosion on the wurfaei* hav«' Ihh ii lu tiia 

of the land ; it has done much in the {lawt, and themHcKcN. Tlu^ 

iH doing much in the preni'nt. to mould the character, accord 

contours of the landacajie. In thow few parts of the river and t 

of the world where the surface ih a d<‘jul level which they huv 

the rain accuinulateH in jmmiIs. which ultimately gorge of the Colo 

either sink into the ground or evajMiratc into HampNhii'e trout 

the sky. But in most pliu'CH when* ram falls haxe little in comi 

the Hurfm'e ih not l<*vcl, and the rain, oln-ying the product of tl 

the law of gravitation, runs down the nearent Erosion by 


slow 

Running Water. If wc watch the rain 
falling on a mud hank or on the Handy nurface 
of the Ht'anhore, We nee that it traccH httl<* 
valleys in the H<dt ground, whoK<* mizc and 
dm*ction are conditioned hy the hIojh* of the 
surface and the nature of tin* soil. Storu's or 
harder ptirtionn of the nurface eauM<* the running 
Htr<*am« to divide or ramify into a network, 
and a miniature river Hynti-m. with trihutaricK, 
walerHluKls, and afllueiitH is thus priKlueed. It 
iH preeinely in nueli a fanhifin that the great 
river Hyrit<*ms of the world have e<»me into 
exiHtence. and that vulleyn and gorgCHhave Uscn 
curved out of the hilU or tahlelandH of the m(»n* 
primitive nK'ks. *, - n. ■ 

V\'e can sei' on every hand I 
examplert of the way m which 1 
running wat<T l arvcH its eourw' \ 
along the earth h Hiirfa< c. Thin j 
it d(K*8 in virtue partly of its 
own motion and jiartly of the 
Kandy or gritty raalerialn which ^ 

It carrien in MUKjK'nsion. When f 

water Howk along the nurface ''' ' ' | 

of a Kofl and friable aoil. it ^ 

wanheK aw’ay the sujierticial ** 

port ions and caiTic*n t hem along T 

in mechanical Kunpt'nHion w'ith 

a force dinnjtlv proportional 

to iU apeed ani to the Hixe of j p 

the grains which com|Kitie the 

Koil. A rapidly flowing river | ^ 

or a torrent going down in j 

spate in capable of transporting | 

lai^ pebblea, or even small '■ 

lioulders. which are usually 

dragged along tiie bottom of - 

the watercourse, and thus a4*l 

as a plough excavating the 67. pc 

1 t ^ 


Hoil over which they pass, 'f'hc Hpt*ed and 
extent of the work of excavation dcfX'udH rIho 
iijMin the natiin* of t!ic ground A nver takes 
a long while to carve its way through sohd 
granite. whereaH it may very rapidly wear a 
gigantic vttlk'V in soft, sandy, or miitldy riK^ks. 

Rl^®r* Make Their own Velleya. 
Then* m a gi'eat deal of evidence to show that 
the valleys through which all largi* rivers run 
have Ihhii lutiially carved out hy the rivi'rs 
theinseKcs. 'Phi'y vary imineiiHi'ly in size and 
<'haraet<*r. iiieiirding to the speed ami volume 
of the river and the nature^ of the rock through 
which they have U'en worn. The gigantic 
gorge of th»' Colorado and the tiny trough of a 
Hampshire trout stream s h m, at first sight, to 
haxe little m common, hut they are both equally 
the product of the same inHiriimcnt. 

Eroaion by Running Wntor. The 
a(‘tual erosive jsiwer of running waU*r is Ih'mI 
ilhiHtrat4*d. of course, hy a waterfall or torrent. 
Everyone is familiar xxith som • (*xample of 
tlu* gorges cut on a Hinall or gigantic scale by 
mnning water on the bard st rocks, (hic of tlie 
finest exam pit's in th<‘ world is that of the 
Xiugara Kiver, wbieli plunges in its world* 
faimd falls over a mass of hardliiniwtont*. under 
wliieb li(‘ soft sbaly Is-ds. Thtw falls, at 
pr.’sent. stiiiid alwuit seven miles alsive the 
mouth of the Niagara River, and there is ahtitid- 
uiit evidence to show that at <»ne time this 
river ft*!! over a clifT which formetl the shore of 
Lake Ontarit). Tht* erosion of the xx'ater. aided 
hv the Slones which it carries dow'ii and llu' ieu 
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of M'inUT, hoM gnuiually w(»rn thi* clifT away for 
iniloH, thuK forming a d<M>p ravine 
which, if tlic prcm'Ht phmh’hk continue without 
int4Tfcrt*n<*c. will iiltim^U'lv. after the lajiw of 
thouHaniin of yearn, extend ha<’k to l,^ke Krie. 
The of N’letona Falln (58] ih another 

example of the Hariie at'tion 1’hc grwt 
majority of waterfalU are thiin placed at the 
hea<l ol^ gorgen which have Un'ii I’ut *hy falling 
water ; lull then* in no definite dintinction 
lielWH^’n a wat<*rfall. a cawade, a rapid, a torrent, 
»uid an onliriary river. Such dtlTenniee an 
exinta in due iiit r,*ly to the gn*ater <»r lean degm* 
of HlofH^ dow’n which the riv<*r Htiwn, 

Pot«holeB. A nrtH)f of the fniwer of running 
w'ater to abrade the rocka in. afforded hy the 

{ Kil'kfUfM [57|, which art* familiar ol>jiH*ta in the 
mmI of a rapid »tream. Theee art' large or small 
hemiaphorioal luutins which have lieen worktnl 
out by tHldicH w hirling round stones and iiebble^ 
wdiich drill out the rtM'k. Very often, when 
the atrt>am is low in aitmmer, andtlu*ae )Md-hokw 
are left empty, a heap of loom* stonea U found 
lying in them ready again to take up t4ie work 
of abrasion wdien the Htn*am comes down in 
Hood and the w*at4*r whirls them round and 
round. t4> iK*our the pot-holes larger. It i« 
frequently by the gradual enlargement of such 
pot-holes, until tliey emerge into one another, 
that the river deepens its roekv gorge, just as 
a stealthy burglar cuts a panel out of a door 
by boKng a series of ckiaely adjoining holes 
writh his centre-bit. Hut the tendency of the 
river is to w*ear dow^ii its course until Us slopn* 
has become so gi*ntle tlmt it loses almost all 


its erosive power. It also tends to w'iden the 
valley through which it runs hy altering its 
conns* from side to side. If it happen originally 
to run in a perfectly straight courm*. which is 
very unusual, but mav take pla^'e w'here it has 
d*Hcendt*d the line of some fault or fissure in 
the strata, it continues to run in that straight 
and narrow path ; hut it is much more common 
that it should form 1 (K))>s and Ijends, owing to 
tlie original inequalities of the siopt* and texture 
of I lie surface. When this is the cast* a river 


. always tends to widen 

^ Its course and exaggerate 

I *~^*ir^** lKK*aus<* Its ciir- 

l X bears writh greater 

\. strength on the concave 

side of each bend ; this 
\ \ bend is worn 

^ aw'ay while the opposite 

p t sid', where the water is 

y / comparatively still, is 

;/ built up at the same 

/ / time by tlie deposit of 

50. OIAURAX 8HOWTRO [W]. It 18 in 

AtTlOX or RIVER "T 

valieyH like those of the 

Tliames and Miiwiasippi have been constructed, 
and that the present river Hows down m a wind- 
ing stream between wide banks of alluvial soil 
which the river has brought down from higher 
portions of its coarse and there deposited. 
Riwem TrAMport S^dlmwcit. Rivers. 


indeed, are not only deMrmfiors but ctnudrudorA. 
In addition to tbeir erosive action in carving 
out their valleys, they have a constructive 
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mciian in deponiiing nUmtM soiL which is 
cspccialty imPortAni to us bccauae it happens 
to be parUcttUrly well adapted to the growth 
ot vegetatkm. The ability of a river to 
traiwp^ sediment de- 
pends entirely upon the 
Mueed at which it 6owa. 

High up ita course 
among tne mountains, 
where it flows with 
torrential rapidity, it 
tears away sand and 
earth and stones from 
its banks and bed and 
carries them along down 
to the plains. But when 
it reaenes a place a'here 
the sio|]e is gentk\ and 
the water consequently 
flowT* more slow'ly, it is 
no longer able to trans. 
p(»rt the materials which 
it has carried thus far. 
and it begins to drop them along its U'd. A 
river always flows fasU^r at the middle than at 
tlie sidt's, "ijiKJause of the friction caused by its 
lianks, and it thus tends to deposit materials 
which it can carry no further along its sides, 
especially on the convex side of every bend [ W], 
wliere the current is directed aw'ay tow’ards the 
opposite bank. 

RWer Termcea, As the course of thf* 
river wand«‘rs from side to side of its valley, it 
leaves liehind it broad flats or terraces of alluvia) 
soil, which an* at first overflowed periodically 
when more water com'^sdown in the rainy seaman 
than the a<'tiial watercourse is able in hold, but 


rising on very mmtic slopes up to the foot of 
the hills which Iwund the valley on both sides, 
and by their height mark the depth to which 
the river has cut it from the surrounding 
country. 

Daltaa, The final 
end of a river is usually 
in s lake or sea. Thero 
art* a few rxtH'*pttons in 
count tit's when* rivers 
end by b(*ing absorbtHl 
in sandy dt'serts. But 
the course of the river 
from the high r ground 
to the U>wer generally 
ends in some larg<*r 
body of water. T<» 
this it trans^Kirts such 
of the Hnt'r sediments 
as its gradually siat*kcn- 
in^ stream is able to 
bring t<i the end of its 
journey. When tht* 
stream of the river <*nlt»rH the lake or st^a it 
grMlually slows d<»wn until it ultimately comes 
to n*st. and. as it slows, it gradually dnqs* its 
sediment U't the Isittom of the waU*r. In this 
way vast deposits an* pnalucetl by tlic larger 
rivers. It has Ikh'ii said with some truth that 
the whole of l^siwer Kgypt is simply the af‘<*umu 
lat(d sediment of the Nile, and that Holland 
has all lH*en tranMp<jrt<*d by tin* Hhine from the 
mountains of Switzerland. 

Where a groat river enters th<* s<*a it is e<»n- 
stantly in the habit of building up new land, 
which is known as the dr/fo |60], fsM*aiis<* its 
shafx* iiMiialiy com*HfM>ndM to the h)urth letter 
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which are ultimately left permanently dry wlu*n of the (Irn'k alphals't. The deltas of the Nile 
the waUTcourw* has been suflick*ntly def‘|K*ned. and MissiHHippi cover h gn'at Jirea of ground and 
In this way we get the typical river valley, project fur out into the sea. 'Phey are constantly 
with th<* river flowing along its winding coiirs** Iwntig addg<l to by flu* great rivers whii h have 
111 the middle of the broad alluvial tiTrac's built them 
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temperature of 3^ F. In Uw rifgioni» bordering 
the North and South Poles the normal tempera- 
ture at aea- level stands below this throughout a 
great part of the year* and consequently the 
land in permanently covered with an ioe-s£^t. 

In tern Iterate climates like our oai) it is only 
in the depth of winter that the temperature 
remains lieiow the freeang point long enough 
for the gnmnd to l»e covered with ice or snow. 
But among the hills the case is diffenmt. The 
higher we rise above the sea-level the lower 
does the tem|)crature fall, and then* is a definite 
level known) as the jm/ttr-line, above which 
water normally exists in the form of snow or e. 
This snow line varies in height according to 
the distnet. Uing on the a<*tual sea-level at the 
poles, and as much as 18,<K10 or 19,(K)0 ft. above 
thf* sea in the tropics. In the Alps the snow -line 
stands at 8,50(1 ft., and then* is no hill in the 
British Islands which quite rise's to it, though 
lien Nevis comes very near. 

How Glaciero are Formed. In coirntries 
when* the hills riw* al)ove the snow-line, water 
which falls frt)ni heaven —or. to put it more 
a'^ciirately, is <;ondens«*<l from tlw* atmosphere 
— remains frown throughout the year on the hills 
which an* high enough. On the higher ()arts of 
such a mountain ('hain the is 1(k»s€* and soft. 



Olaciera. A glarin is aimilarly a river of 
ioe which pc^rforms the wtirk of erosion on the 
land in much the same way as an ordinary 
river, though there are w'ell -marked ditferunm 
which enable the geokigist to distinguiah the 
w >rk of a glacier fiom that of running water. 
Water aaaumea the solid form of iw at a 
16:K» 
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iaek the direction of grentoit elope, mvitate 
thiie to the goraei vnllejn of Uie hide, 
and move iteraty downward* We are aocue- 
tomed to think of ice as a eoUd and rather 
brittle eubetance. But under the coneiderable 
preaiore exerted 1^ it» own weight in great 
maaaee it in capable of hewing like water, 
although much more alowly and with far greater 
viscoeity, 

Glaciwr klotloA. A glacier is continually 
in motion like a river, though iU motion is so 
slow that it was only detected when science was 
called in to study Alpine phenomena. If a row 
of stakes be driven into the ice right across a 
glacier, in the coursf* of a feu' days it will be 
found that the whole line has moved downwards 
in reference to fixed stakes on the rocky hanks, 
and also that the line is no Ic^er straight, 
but has (ievelofied a curve which is convex 
downward. In other words, the it« in the centre 
fd the glacier moves faster than that of the edges, 
just as happens with the water of a river ; and 
in bcjth it is the friction of the hanks 

which atHKMints for this. As a nile tht* motion 
of the iw is slow'. Iwing alxmt I or 2 ft. a day 
in the Swiss glaciers, though in the glaeiers of 
(ircenland the rate* of motion is sometimes as 
much as 50 or 100 ft. in the twenty-four hours. 
The ice adapts itself like a plastic fiuid to the 
irregularities and curves of Uie IkhI in which it 
moves. It is cHmstantly cracking into rrmissew, 
which soroctinum swalhm' up mountaineers, in 
eonsequenci* of Uie liending which it undergoes 
in moving downwards along an ordinary valley, 
lliesc* ervvAmm kwp rc*uniting and changing 
in iiosition. If the glacier comes to a pr«»ci|:«ce 
in Its downward c*ourse it flows over in an »rr- 
laJi |61]. w’hi(‘h is all splinters and pinnai'ies, 
and corrcHfKinds to a waterfall in a river, llie 
steady flow of iiT is largely due to the phenome- 
non known as rrgrhtwn I*hvhkm), which 
(‘onsists in a ('<mstHnt momentary melting and 
refreewng of the in\ due to changes in pn»HHim\ 

Cluclwru Trantport RocKs. As the 
glacier travels downward it does a great deal 
of geological work. It trans)x>rts a larg»' bulk 
of rcK*ky fragments and detritus ; it erodes the 
bed in whk'h it travels ; and ultimately it heaps 
up vast de|X)sits of debris at its lower extremity. 
It will lie obvious that the fragments of nic’k 
whieh frost and other agencies break off flora 
the banks of the glacier U*d fall u|ion the siirfatT 
of the ice and shan* its motion downwanl 
towards the valley. They arc naturally ranged 
along t'ach side of the glacier, and theiv form 
two long iieds of stoiu's and fragments, which are 
known as mominfn [651, glaciers meet 

where their se|iarate valleys converge, two of 


their kUrai moraines ooalesoe, and are carried 
down the centre of the lam Racier thus formed ; 
this is known as a centrm moraine [66]. When 
the glacier travels down valley bebw the 
snow^line it reaches a spot at which its ice melts 
away in the warmer aur, and the glacier there 
ceases or gives birth to a river, it is at this 
spot that all the rocky fragments which have 
been brought down the glacier are heaped 
up in a vast accumulation which is known as the 
Imninal moraine [66]. The moraines of ^Ikcient 
glaciers are very oommon objects throughout 
the whole of NoHhem Europe, showing that at 
one time a vast aocumnlation of ice covered the 
whole of this region. 

Glncinl Erosion. A glacier is also a 
powerful agent of erosion. The ioc in its down- 
ward movement rasps and grinds along its bed, 
and acts as a plough. Further, a great many of the 
stones which fall upon the surface of the glacier 
tumble into crevasses, and sink down to the 
bottom, where they are froxen into the lower 
{Miri of the icx* and dragged along, seratching 
and eroding the surface of the gnmnd beneath, 
('onsequently, the bed of an ancient glacier [641 
is characterised by rocks which arc polished and 
rounded, and at the same time oonsiderablv 
scratched. , or driated [67], the scratches all 
running in the same direction~-that in which 
the glacier formerly moved. They are caused by 
the fragments of rock whieh s'ere froxen into 
the lower |>art of the glacier, and served as teeth 
to its powerful rasp. The underl3ring rocks are 
only superficially scratchod, and present a gener- 
ally roundiMi aspect lieeause all their edges and 
angles were planed off by the powerful pressure 
of the k*e-Bheet, often hundreds of feet in thick* 
n<*ss. From their n*semblance in contour to the 
Iwicks of shwp. such* nx’ks |68] art* frequently 
known as or grey iirthirA. 

Sometimes huge boulders. whi(‘h may nmtain 
many tons of nx’k, fall u|K>n the surface of a 
glacier, and an‘ trans|K)rti^ by it to positions 
far reraovt»d fmm that of the [lareiit rock, and 
the existence* of such uttndmng, or erratic blorke 
( 62] is always the sure indication of the former 
existence of a glacier Where the land has once 
lK*en v’o vert'd by a sheet of ice there is often left 
behind a characteristic de(X)sit known as UU, 
or b(mlder chg. This consists of a stiff clay, 
hardened from the fine mud which the glacier 
rubbed down under it^ enormous iwatMuire, 
thickly filled with the hrg'»- or smaller rocky 
fragments or boulders v '» c\\ present the charac- 
teristic striation cauMxt tiy glacial action. The 
whole of our islands was once covered by a vast 
sheet of ice, and all these various tra^t^s of glacial 
action are found scattered widely over them. 


Ckmtinued 
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tihould ttirig m^rtioriM of th^ni »k followii 
the plough, that the weaver ahoiild hum them 
to the tune of hiK hhutlle*, that the traveller 
ahould hf*guile with their r toriea the tedium of 
hia journey.” TtTidale dwrlared : “ If (iod 

Mtiare me 1 w ill one dey make the >)oy that drivtM* 
the ‘plough to know' more of the Soripturen than 
the rofK* of Home,” Tyndale, w'ho wan a g<M>d 
(irwk Hoholar, ntudied Hebrew' for the piirpow 
in hand, and while eonuulting the Vulgate went 
baek to the originalH an the ban in cif hm veraioii. 
He w'a» helped in hin tank by a fugitive friar 
nanu*d Hoy and others. It wan “ Tyndale'n 
Bible” w'hieh. reviwKl by Mikkh ('ovkrualk 
( b, 14HH; d I5(1K) the firKt eomplete printed 
Engliah Bible - and edited and re edited rn 
” (.‘romweirh Bible ’ (15314), j\nd “ ('ranmer’K 
Bible,” or “The (ireat Bible” (ir»4f)), wan net up 
in every (wriHh ehundi in England, in nome eani'K 
Iwdng ehaiiu*d to th<* ItH ternM, or reading denku 
The Influence of the Bible. To quote 
Dr, Stopford Brooki*. ” It got north into S<*ot 
land and made tlu' Lowland Knglmh more like 
the l^mdon KngliHh It panhed over to the 
ProteHtant wt t h*ment h in Ireland ” After itn 
reviHion in Dili there had brnm printed mean 
while the “(ienevan Bible,’’ a work handier in 
aixe than itn predeeeKhora, in Roman type and 
w'ith the text divided into verwes- it went i:y> 
the Author iHi*<l Verio«m with the Puritan 
Fathera to New England and fixed th<‘Htandard 
of Englthh in Ameriea “ Many miilionH of 

Q de n<»w h)M*ak the Engliah of IVndale'H 
e, and there ih no book whieh ban had, 
through the • autlioria^Kl ’ veraion, ko great 
an influence on the ntyle of Enghnli literature 
and tlie Htandanl of Englii^n jiroM*.” In 
Edward V’I'k ndgn 'Piio.mas ('kanmkk (b 1489 ; 
d. 155ti) «Mlited the Englinh iTayer Btiok (1549- 
52). “Itn English,” Dr. Stopford Brooke 
notoH. “ iH a good deal mixi'd with l^atin worda. 
and itn ntyle in nomet linen weak or heavy, but tm 
the w’hide it ih a fine exaniph* i»f atately proH<‘. 
It al»o Hteadied our h^mmm'Ii.” To tell the 
iiiHuenee of the Bible on Knglmh writ era fnun 
Shaken iM'are’s time to Sw inbiirn<»’H would Im* to 
HjHH'ify nearly all the bent work of our great eat 
WTiten*. Nt'f'd wetherefon* urgi* itw ntudy u|H»n 
our rt'atlern. when Hcart'e any writer of note hut 
ha*< either ac know ledgtHl it** inapiration ornhown 
trwH* of it in hin work T TtK> mueh ntn^HH cannot 
Iw laitl iijHin the ntNil— njairt fnmi all religious 
eonHiderntioris--of liible n^nding on tin* lines laid 
dowm hv Hiehartl Moulton in that admiraVtle 
work “The laterary Study of the Bible,” 
Theolofy and Philosophy. I'lie 
development of English rhetorw and Englmh 
philosnpliie thought btdwetm the eloat* of the 
fifteH'ntii and the earlier j>art of the eighteenth 
eenUirj^ may utudicd in the wTitings of 
Hugh Latiiikk (b. 14H5?;d. 1555), Bishop of 
Woreeater, whoae aemums well austain the 
homely and direct character of hia nat ive tongue ; 
John Knox (b. 15tK5 ; d, 1572). the Scottish 
reformer and historian ; John Foxr (b. 1510 ; 
d. 1587), w'hiMw* “ Aetea and Mondmenta.” 
commonly known oa “ Foxe’n BvK>k of Martyrs,” 
“ gave to the ptniple of all over England a l>ook 
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whkdi. by its simple i.tyle, the ec^k* of itu Hlorv- 
telling. and its popular charm, made the very 
M'aaantK who heard it read feel what is meant 
ly literature”; John Jkwel (h. 1,'>22 ; d. 
1.571), Bitthon of Saliahuiy\ a learned Protestant 
eontroverKialiat ; Ru^ard Ho(3KER (b. 1.5.54 ? ; 
du I60f)), author of “The I,AW'Hof KecleaiaHtieall 
Politie,” a great the^dogian whose memory is 
en»hr ntd in “ Walton’s Lives,” and whoae 
eharA<*ter in fitly indicated on his monument at 
Binhopahoume, Kent, as “ judicious” ; William 
('hillinoworth (h. 1602 ; d. 1844). a notable 
ant i'H omen mt ; Joseph Hall (h. 1574 ; d. 
18.511). Bishop of Exeter and Norw ich, one of the 
first of English satirists ; Jeremy Tayia»r 
(h. 1813 ; d. 1867), Bisliop of Down and r<»nnor, 
the author of “ Holy Living ” and “ Holy 
Dying,” and a voluminous writer who. in the 
words of hiH friend Bishop Rust, of Dromorc. 
“hid flu* go(Kl hunumr of a gentleman, the 
elo((uenee of an orator, the fancy of a p(H*t, 
the acuteness of a schoolmnn. the profoundness 
of a philosopher, the wisdom ^>f a chancellor, the 
reason of an angel, and the piety of a saint ' ; 
Thomas Hobbes (h. L5K8 ; d 1879). a philoso- 
pher who j pplud the principles of geometry to 
the judgment of human conduct, and who. in 
his “ l,K*viathan. ' “DeCive,” “Human Nature.” 
and other works, show id himself to be “the 
first of all our prose wTiters whose style mr,y la* 
sa d to be uniform and eomn’t and ad’ipted 
carefully to the subjiH'ts on which he wrote”; 
Thomas Fi ller (h. DIPS ; d. 1881). the style 
of whos<* best -known wtirk, “Worthies of 
Knghvnd.” shows udmirable narrative faculty, 
•• w ith a n€»rvous brevity and point almost new to 
English, and a homely directness ever shrewd 
and never vulgar”; Sir Thomas Browne 
(b. D105 ; d 1882). c Norwich physician and 
author of “ Keligio Mid*ci.” than whom, aeetird 
ing to Mr. Fdmund (hmse, “ among English 
prose writers of the highest merit there are few 
who have more eonseiously. more sueeessfuny. 
aimed at the translation of tenip.'rament hy 
style.” and who “ unqiiestionahly tastt*d the 
divine pleasun* of writing for its own sake ” ; 
John Blnyan (h. 1828 ; d Di88), author of 
“ The Pilgrim’s I^rogress,” a work as famous as 
“ Rohinsim ('ruMH*,” as fascinating in a narrative 
sense, and of p erennial inHuenee on the religious 
thought of tne young of ell nations ; Lsaac 
Barrow (b. DslP ; d. 1877). another eloquent 
preacher and controversialist (note i*>|>tH*ialIy his 
treatise* on “ The Poih*’s Supremacy ’), and as 
a mathematician worthy to stand near his 
pupil Isaac’ Newton (h. 1842 ; d. 1727) : 
Richard Baxter (h. 1815 ; d 1891), whose 
life may l>e studunl as an example of self-help 
by the side of Bunyan’s, and the style of whose 
many writings “ is one of the finest spoetmens 
of d^ect masculine English, and a model for all 
w'ho wish to talk to people instead of at them ” : 
John Tilldtson (b. 1830 : d. 1694), perhaps 
the only primate who took hrst rank in his 
day as a prt'iu'her. but w*ho “ probably presents 
raort^ examples t ban any other aut hor of possege?^ 
wherewith to exercise the skill of the student 
of English (Him{K>sitiim in wt^irig out their 



^^upt*rHuuus wurtin aiul phrAsfn ” ; John I>k‘KK 
(b. 1HH2 ; d. I7tK|). author t>f “ Two IVeftl ini^s of 
“ An Fisnay ot»nt'<'rnmg 'roU^ra- 
lion.*’ “An Khh' V (onrrniing Human rnd<‘r- 
jtlanding/' a work <*K|>c«*irlly to l>e f'onunendi'il 
to litiidentK on “ T)u* ('ondnrt of tho Tudor 
standing," and a phihMio{iher who iK K{>itk(*n of 
aa “the uncjiioHt loned founder of the iiialytu* 
philoMophy of mind * ; and (iiLBKRT Hi rvict 
( b. IfVI.'i ; d. ITIo). Bihhop of Salialmry. and 
author of a “ HiKt<»ry of tlie Reformation “ and 
H “ Hiatory of My Own Timeb.” 

Rt'garxit'd in this tmef sumnmn. the works 
<*f theM* the<»logieal writers may ap|K*ar unin- 
viting ; but the general Hinder no iens than the 
student cannot neglect them all without niiHsing 
a fruitful part of tie* great and rich Held 
of our national literature. Fox< n “ H(».»k 
of Martyrs,” Taylor's “Holy Liiiiig * and 
“Holy Dying, ' Hobln's’s "leviathan.” Fuller's 
“ VVorthies. ” Browne's “ Rcligio MihIhm, 
Bunyan'K “ IMgrim's f*n»greHs ' and “Tin* 
Holy War,” U« k» ‘s “ Human rndcrstaiiding ” 

these (spivially, and otheis that \\v lia\e 
nanuKl. arc w(»rks of whi<h e\ery on*' who 
Jiapin*s to a sound appn'ciation i*f *uir literature 
shtutld ha\e Hrst-hand knowledg** ; ami Just as 
we in early youth read Bunvan for tht^ Hhe:*i 
pleaHure of his narrative, ho in manhood we may 
read tin* other religious and pliilosophieiil 
writers for tlunr charm of styh‘, their w.sdoin 
luid humanity. 

Prose ot the Poets sod HIstorlsns. 

B<»th Sja*ns<T and Shakes|H‘Hrc wrote prose 
Sjieiiser's “View of the Fr<*s<'nt St«t<* of 
Ireland ” is written in a most pleasing style 
Shakesjs-are's prose has Ihh*ii the theme of 
many coinmentalorH ; sir, for examjile. the 
admirable little manual of the late (iiHirge 
L. (Vaik. The student is re< om mended to stiidv 
the “ men in buckram ’ sirtion of ” Henrv IV. 
'Hic “ Arca<ha ' and the “ Ihfense of Poesie ' 
of Sir IMiilin Sidney (b. I.Vsl; d. bWH) are also 
to Is' studied 111 this eonmrtion. The first 
|MUHilar Knglish history in the language is 
“ The Hitttory of Fngland to the M'line of 
kklward III * of the jart Sami Kl, Damei. 
|b. l.'ifVJ ; d IHltt). After Daniel's work may 
lie considered the “ History of the World, 
written in the Towei by Sir Walter Haleiom 
( b. bVi'J ; d. IHIS), and to Im* read for its human 
and pt^rsonal intends! more than on a<-count of 
its intrinsif* value as historv'. Kuwari* Hvi*e, 
first Earl of Clarendon (b. IHOlf ; d. IHT-I), 
fnend of |sx*ts like .lonson and Waller, wroU- 
a “ Hist^ory of the HidM*llion. " This was 
modelled on the style of the Roman historian 
Tacitus, and is spir tally notable for its bio- 
graphical value. The “ Life of Colonel 
Hutchinson," the Puritan, by his widow, Lrev 
Hitthinson (h. 1620), is one of the most de- 
lightful of biographies w'ith a historical eharacter 
for subject, and taken up as a study w ill h.* 
read through for the eharm and simplic-ity of 
tile narrative. To the domain of history and 
antiquarian study lieloiig tlie w^ritings of 
WiijjAM C41IOES (h. 1551 ; d. 1623). Joh> 
Seu>k> (b. I,5H4 ; d. 1654), JoHv SriiW (b. 
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1525? ; d. ltHV>). Hath^el Hounshko (b. aUmt 
l5H«i). and Willi Harrison {b. \Xi4 : 
<1. l.M)3). Mention must also Is* made hen* of 
the iniiihiable Diaru'^ of SvMt Kt, PkI’Ys (h. 

d 1763) and ,lou\ Kvklyn (b. 1626 ; 
d. I7tf<l). and the l/'tters and other writings of 
James Howki.l (K IMH ; d. HWi6), ami the ex 
Ipiisite ('pintles of D(»hotii\ OsHoK\E(b. 1627; d 
1665). afti'rw unis tiu'wiff'of SitWilijam Temple 
( b. j62S; d. I616»), diplomatist luid I'ssayist, 
The Besinninc of the Eeemy. The 
meaning of the word essay is “ a testing. " As 
we undt'rstand it to-day, an (*ssay is a \ahiation 
<»f a subjwt. usually of a literary or mH'iivl 
iiatun'. from thi* staud|s>itit of tin* writer. The 

Kssaysof Montaigne.” tlie traiisliition of wliicJi 
by John Florio (b 155.3 ; il. I62.'») urt'servt's 
for iis a viiforotiH and |H*r«*iiniaIly (leliglitful 
example of Kli/.aU'tliaii prose, liardlv come 
within tin* limits of the essay as we umlerstaiid 
the word. SliakesjK'Kn* wits evidi'iitly familial 
with his Florio as he knew the translation of 
Phitan h H “ Lives ' by Sir 'ril(»MAs North 
( b. l.VC> ; d. ). 'riu' Kli/aU'tban and •lacolsNUi 
pamtdiletK W(*rt‘, in a sense, essavs. but we s(*e 
in tbeiii perhaps more distinctly tlie Is'giiimng of 
the riKKlern newspa|M'i. U'caiise tliey wen 
publislu'd for eontroversial put poses 33iey 
form in tlieniM'lves a somewhat absorbing 
braiieh of literary and historical study. A 
uumln'r of the wrilets of these pamphlets also 
wrote taU'S, so licit while the “ Kuphiies ' of 
Lyly jsee LuKRATt KE. iMige 676| is generally 
regarded as the earliest knglis'i novel, it is not 
(jiiite isolated as an example of Kiiglish prime 
iiarnitive K\en if we lea ve Sidney's ” Areadia ’ 
out of the (piestion. there are the tales vm well ii-* 
the }>amt>htets of Rohkkt Crkenk |see page 
676j ; 3 lloMAfi liODoK (b. I55H ; d. I62«’>). 
whose “ Rosalynde ” inspired Sliakes|s'are's 
“ As you Like It ” ; and 'riio.MA.H Nahii (b. ir)<l7 ; 
d. Ifitd). whose “Jack Wilton ' provided the 
prototyjM* of FalstafT. l/ondoners who desin* 
to l<Mirn bow their predi'i'essors lived tliris* 
centuries ago will find a world of entertainment 
ifi “The (iuH's HonilHsik ’ of 'rnoMAH Dkkker 
( b. I,'>7tl ; d Ifl37?). Tin* rnon* |S'nnanently 
intenmting of all the pamphlets is the “ Areo- 
pugitiea, ’ a trenchant nlea for the lilnTty of tlie 
printing firess, by John aIilton (b. 160S ; cl. 1674). 

The First Cnflish Essayist. 'Die first 
of the English essayistH is Franc is Bacon (b. 
I.*>66 ; d. 1626). 33ie studemt can have* no Is*! ter 
guide than is iirovidf<l in the fiftieth of Bacon's 
“ Easays ” - the one entitled “OfStudiem,” We 
quote part of this as exemplifying Bacon's 
inethcHl and jx-rMpicuity of style : 

“Studies scTve for Delight, for Ornament, 
and for Ability. Their C’hicdc* Cse for Delight, 
is in PrivalcnesHc and Retiring ; For Ornament. 
IS in Xhscourse ; And for Ability is in the ludge- 
nicmt and DiHjxisition c>f Businesses*. For Expert 
.Men c*an Ex€x*ute, and fx^rhaps ludge of par- 
tieiilars, one by one. But the general) fVmnsels. 
and the Plots, and Mamhalling of Affaircm, come 
Ixmt from those that are Learned. To s{Mmd tcxi 
miieh Time in Studies, is .Sloth ; To use them 
Uxi mu< h for Ornament, is Affectaticjn ; to 
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ro*ke ludg€*fiifmt wholly liy their Ruk*** in tlie 
Humour of a Scholh^. perfect Nature, 

and are perfected by Experience : For Naturall 
Abtlitiee, are like Naturall Plants, that need 
Pfoyning by ; And Stndit* themselves, 
doe give forth Directions too much at Large, 
except they be bounded in by experience. . . . 
Reade not to Contradict, and f'onfutc ; Nor 
to Beloeve and Take for granted ; Nor to find 
Talke and Discourse ; But to weigh and Ckmsid€5r. 
Home Bookes are to be Tasted, others to be 
Swallowed, and Home Few to be (Shewed and 
T>igested. That is. some iUntkeM are to be read 
onely in Parts : Others to W read but not 
CHiriously ; Aid some Few t4) lie read wholly, 
and with liiltgence and Attention. . . . 
Reading maketh a Full Man ; Conferen<*e a 
Ready Man : and Writing an Rxac‘t Man. . . . 
HiMiffifs make Men Wise ; Ptfdn Witty ; Tkf 
Malhttmatiks Subtill ; SntureU PhiUmtjihff dee|>e; 
M (trail (Jrave ; Lagxrk and HheUtrick Able to 
(’ontend.” 

The Prose of Ben Jonson. Of Bac'on s 
Essays Hallam rightly d(H>lared that it “ w'ould 
be derogatory to any <»duoated man to he 
unacquainted with them." Next to them we 
should place the “ r)iscoveri€‘s " of Bkn 
J uNSON |He<‘ LlTKKATtrRK. pages H45.fi]. which 
Mr. Swinburne prefers U'fore Ba<*on'H Essays 
and Mr. Saintsbury des<‘rilH*H as coming “in 
character as in time midway l)etwec'n Hooker 
and l>ryden." Jonson ’s “ Discoveries “ have 
lieen Us) long neglecUnJ. A retvnt writer 
a<*utely says : “A coni|)arison of the vocabulary 
of Sir Philip Sidney s ‘ Defenw* of Ptjesie ' 
with that of the ' Discoveries,' written nf^rly 
sixty y<*ars later, will dis<*iose a far larger numl)er 
of words demanding expiaruition in the latter. 
On the other hand, a lihe cnmiparison lx‘twmi 
the two works with refertmee to the strueture 
of sentence and fSiragrapl) will exhibit a form 
and symmetry, a wmse of f»rder and (>ro|K>r- 
tion, and a conHciousn«'HS of the demands 
of literary pnv‘»ntment in the * Discoverit^ ’ 
for which we may look in vain in the somewhat 
loosely-strung |>erii»ds and formless paragraphs 
<if the ' Ikdense.’ This ixmtrost, as l*n>f. 
Schelling, the first adequately to edit the 
* IhscHiveries,’ {loints out, bcxximes the more 
startling when we remember that Sidney's 
work is characterised by a lofftcal sequence and 
continuity of thought, ana that Jonson 's 
is more or less of a commonplace book contain- 
ing, as he himself says, ' discoveries ' made 
upon men and matter, as they flowed out of his 
daily readings, or had their reflux to his peculiar 
notions of the times." Here is a brief extrat^t 
from Jenson's tribute to the eloquence of 
Bacon. It is largely an adaptation fn^m Seneca 
on an Augustan orator; 

B«n Joaaon's Praise of Bacon. 
** There happened in my time one noble 
speaker who was full of graVity in his speaking ; 
his language, where he ixmkl spare or pass 
by a jest, was nobly cetuiorious. No man ever 
spoke more nestly. more presly (concisely), 
more weightily, or suffered Im emptiness, iem 
idleness, m what he uttered. No member of 
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his sfieech but consisted of his own gnw-cs. 
His hearers couW not cough or kiok aside from 
him, without loss. He commanded where be 
spdie, and had bis judges angry and pleased at 
his devotion (disposal). No man had tneir affec - 
tions more in his power. The fear of every man 
that heard him was lest he should make an end." 

Lowell has applied this passage to Emerson. 
There is a great deal in Jonson 's “ Discoveries *’ 
concerning educatimi and study that will 
generously reward the most careful attention. 
After Jonson. c*onsidered as an essa^st. come 
Abraham (’owlby (b. 1618; d. 1667), whose 
language is at once simple and graceful, and Sir 
W iLUAM Tkmplk (b. 1628; d. 16119). distinctly 
a predecessor of Addison. 

It is difficult to classify the “ Anatomy of 
Melancholy " of Robkrt BrRTON (b. 1577 ; 
d. 1640), but Johnson greatly admii^ it, and 
it is full of quaint and curious learning. The 
“ Microct)smographie " of John Earlk, Bishop 
of Salisbury (b. 1601 ; d. 1665), is at once of 
social and philosophical value, but stands, 
like the “Anatomy," by itself. Three other 
l>ookM that demand notice are the “Lives'' 
and “(’ompleat Angler" of Ixaak Walton 
(b. 1593 ; a. 1683), the first a gem of literary 
liiography, the second one of the first of “ country 
bemks " ; and the “ Autobk'graphy " of Lord 
Herbert of C'herbi ry (b. I.58I ; d. 1648), 
which Mr. Swinburne has placed among “ the 
hundred l»est books." 

Criticism. The place of honour as the first 
of English criti<*H lx4ongs to John Dryden |se<‘ 
LiTSRATirRE, pagf*H 992-3]. In the words (»f 
IajwcII, I>ryden, more than any other single wTiU*r, 
<H>ntribuU^. os w'ell by prect*pt as example, to 
free English prow* from “ the cloister of ped- 
antry" and to give it “suppleness of movement 
and the easier air of the modem world. ' ’ 'Fhe intro- 
ductions to Dryden's w orks are sfiei’iallv worthy 
of study, llie famous “ Essay on i)raiuatie 
Poesy ' has already btx*n i*ommendeii. Nearly 
tlie whole of Dryden's criticisms will be found 
edited by lTt>f. W. P. Ker in his “ Essays of 
John Dryden " (2 vols. Heniy Frowde. lOs*. fid. ). 

BooRr to Study. In addition to the 
biM)ks specially mentioned in the text, we would 
commend “ flnglish Literature from a.d. 670 to 
A.D. 1832," by Stopford A. Brooke (Macmillan. 
3a. 6d.) ; “ History of the English Language." 
by O. F. Emerson (Macmillan. 68.) ; “ A &ok 
of English Prose, 1387-1649.’’ by W. E, Henley 
and C. \^’bibloy (Methuen. 2s. 6d. net) ; and 
the "Ek^lish Prose Selections," selected w*ith 
critical introductions by various writers, and 
edited by Sir Henry C''iwik (5 vok. Macmillan. 
7s. 6d. and 8s. 6d. per vol. ). The last-mentioiied 
work should be available in any good public 
library. Another useful work is that entitled 
“ The Prose and Prose Writers of Britain, " 
Robert Demaus, M.A. (A. and C. Black). 
Inis was published in 1860, but oopias are still 
seen on the secondhand bookstalls. Consult 
the catalogues of Messrs. Bell, Blackie, Cassell 
Dent, Frowde, HannswrcMth Library, Routiedge, 
and others for cheap reprints of paiticalar works. 

Comiinued 
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Reinforced Concrete Columna. Until 
recently reinforced concrete could not be 
economically employed for columns, as the 
compremiive streMes were tahen by the concrete 
alone, the safe limit of which varied betw'oen 500 
and 600 lb. per souare inch. By a new invention 
of Mr. A. Consid&re, the French engineer, the 
patent rights of w*hich are held by the Armoured 
Concrete (Construction (Vimpany. it is claimed 
that the safe limit for compression may be raised 
from 500 to 2.500 lb. per square inch. This 
invention consists of reinforcing the concrete 
by metal spirals or “ hoops,” made by winding 
a metal l>ar round a arum op roller. The 
pitch of the rings of the spiral vary according 
to the diameter of the bar ust<l. but is generally 
between in. to 3 in. Down the interior of the 
spiral are placed either four or six longitudinal 
bars bound at intervals to the spiral. Those 
bars are employed to prevent bulging when the 
c'filumn is under compression. Fig. 18 shows 
the manner of reinforcing a column by this 
meth<Kl. This column, it is stated, will carry 
a load of 96 tons, with a factor of safety of 5. 

Piles ronstrucU*d by this system have been 
employed for foundations on the hanks of the 
River Siune. Fig. 19 shows the form of piles 
UM*d. Tliey wor* 17 ft. long, driven by a 1*2 
ton ” monkey,” with a drop of over 5 ft. 
'Phe head of the pile a as not, as with other 
systems, ne<*essArily pritected by a sjiecial 
cap. and only about H in. of t he head of the pile, 
after being driven, hivd to be repaired. 

The bridg<‘ at Ploug<istel is <*onstructed of 

armfK'rete.” and the reinforcement is spiral 
or hooped. 'Hie bridge consists of two spans 
of 316 ft. 9 in., two of 106 ft. 7 in., and one 
of 52 ft. 3 in., making a total length of 895 
feet. 

Compariaon with m Steel Joiet. In 

companng a beam consthicted of rnnforced 
concrete on the Hennebique systc^m with a 
rolknl joist (20), the steel rods which are platted 
in the lower part of the beam represent the 
line of tension and are acting similarly to the 
lou-cr 6ange of a rdled joist. (Vmcrete is the 
material which is relied on to retiist the com- 
pretwive stress in the upper part of the beam, 
and the connection between the Ganges as 
formed by the web (still oomp^Lrtng the beam 
to a rolled joist) is also formed of concrete, which, 
in addition, encases the tension bars and pro- 
tecta them against external agencies. Fig. 22 
shows the form of the hoop -iron stimipH, which 
are distributed along the whole length of the 
beam, being embedded in the core of concrete, 
oaoemUnM the upper and lover parts of the 
Vsimu tliip msMug a solid and aampaot girder. 


TeMioQ Bmra. 'Fhe tension bars are of 
two kinds — Wz.. straight bars ))arallrl to the 
lower face of the beam, and InmiI or cranked 
bam placed over them, hut in the same vt^rtioal 
plane. 

The bent bars, taken in connection wnth the 
straight bars, and the stirrups (the latter lieing 
placid closer together at the ends of the Ix^am). 
const ituU^ an indeformable triangle, and the 
resistance afford^^ to shearing stress thus 
incmam^H near th** supports - i.r., whert the 
stress rcachf*s its maximum. 

A l>ram so formini is very similar to a timber 
lieam trusmxi with iron tic-rtsls and brai’kets. 
Figs. 21 and 25 show the arrangcmimt of 
a continuous Hcnncbi(}iic Is'am. 

Fig. 26 shows the rcspt^ctivc iMisitions of the 
l>ars and stirru{)H. and how' any is*nding stresses 
of the lower bars lH*comcs transmit I imI by the 
stirrups to the iiiipiT part of the U^am. and 
transtormiHi and aiHiribiiU'tl in the way of (Miin- 
pn^ive stresses in the moss of the cnincreK*. 
Fig. 26 shows a cross-st^ction taken through the 
beam. 

An Armoured Concrete Floor. In 

order to divide up the comfKinent parts of 
a 6oor of any area that is supfsirUHl by 
ferro-concnite I oams, 24 shows the main licam 
constructed to reweive the heaviimt loads. 
Then comes the siniondary Is-am. whictli is 
connected up to the main Inmni. and in turn 
r 'reives a Hat beam, which constituU'S the Hoor. 
They are formed in a pnicisely similar manner 
to the other bf^ams and are calculated to support 
the required load 

In constructing an armoured concrete 6oor, 
the practice hitherto has lieen to erect, in the 
first instance, a complete wooden floor extending 
over the whole ^rea proposed to lie covered, ana, 
after covering the floor with a thin layer of 
concrete, to lay down the steel rods on it, and 
then to complete the floor with the necessary 
thickness of concrete over the steel rods. This 
mod" of construction necessitates the use of a 
large quantity of timlier, which cannot be 
removed until after the concrete has set. The 
practical objec^tions to if are the cost of the 
timber, the delay in its erection and removal, 
the hindranee to the rapid completion of the 
armoured concrete floor, and to its increased 
cost. 

Armocret# Tubular FltioHng. A 

sptem employed by the Anoound fkincrete 
(Construction (k>mpany, of Westminster, docs 
away with these drawbacks by di\adii|g tile 
structure into tliree different paits — namely, the 
aO'Called webe (A), the tttbee (B), and the oon> 
ef«Uffoer«iitop(C),M ihowfllttii. The webe 



il’ts nuidc of concrete varying from 6 to 10 in. in 
depth, and in Umgtiwi up to 25 ft, Taey are 
reinforced with flat iron hare, a, a, the thiokncM 
of the top layer C, and the Hectional area of the 
armouring iniicrted in the weba licing according 
to the load the Hoore have to carry. Tiie tuliea 
are made in 0 in. lengths of earthenware, atone- 
wa^ti. or concrete compow^ of cokc 'hr<H*x4\ or 
aimilar light material, and Portland cement. 

When conatructing a floor by thia m«‘thod, 
the workmen firat place the wclia in their proja^r 
|»omtionH (9 in. centrt^a) without the help of any 
tim lairing, and the tula*a are then put in. A floor 
ia thuM obtained. It in capable of carrying the 
weight of the workmen and materials aton-d on 
it. Aa H<K»n aa a certain area baa thiia lK*en laid, 
a gang atari a laying down the <•onc^ete (r) for 
(he completion of the Hiair, the (hii*kn«*aa vary- 
ing from ) in. to 5 in.. ae<*ording to the load 
fo lie earried Tiie reinforcement of the weba 
taken up the tcnHile atrcaa. while the top part of 
the wi'Imi, together with the concrete Hooring, 
lake up the compreaKive atrcaa. The aurfa<*e 
und'Tneatli may Ih' |ilaater ‘d or left rough, 
aeeonling to requiremeiPa. 'Phe weba are manii- 
faetured in w'orkalioim ua near the aile aa |K»HHible. 
and can la* handb^d by two or three men.aeeoni 
ing to their li'iigth and weight. 

^Hie hollow tiiU*a form a good i nail lat ton agatnal 
ehange of teui|Mr.'\tiire, and can Ik* utilimHl 
aa eondiiita for electric wirea or for wat<*r or 
aleam pifa'H for heating purjamca. Tiie dead- 
w» ighi of auch lloora ia <*onHiderably leaa than 
many •>ther forma of reinforced concrete fbaira. 

Practical Prohibition In London. 
The increaaing demand for eheup and rapid 
conalriietion, eH|KMMully for Iniildiriga, oja na mil 
a wide field for tin* emplovmcnt of ri'inforccd 
concrete. The prraent Huitding .\cta, and bIko 
the laM*iil tiovcrnmcnl Hoard Hi'gulationM. make 
it diflieuit to employ thia form of eonatruetion 
«*c<momically. 

.Mthoiigh the advantageH of r<‘inforccd con 
erf^l4* are now im‘I 1 rccogniacd, it ap|M‘ura that 
the laindon < Viiinty < ’oiim'ii iK'tually |>rc»hibit ita 
line .\ PajHT was rend at the Royal Inatitute 
of Hriliab Arcliitecta. in nH)r». by Sir. Mouchcl, 
of the Heninbi(|U«' t'onipany. in whieh the 
folhiwing paaaagi'a iK'cur : 

“At the prcai'iit moment Lxmdon enjo\*a the 
lint (pic privilege of Inang the only city in the 
(Mviltai'd world where ferro-eoiuTctc eonalriictK»n»t 
art' ai'tually prohibittKl 

“ Kort'ign countries have their ri'gulationa. and 
generally they are not framed for the use of ferro- 
('onrrete. but notwithstanding these (*xi.'tiiig 
laws, after intelhgent and im|uirtiai investigation 
of the various authorities, we have U^en p<*r 
mitteri to construct every'whcn*. 

“ The I.4Uidon Ckninty (’ouncil do not tell ua in 
so many words ' You aball not build.' The} say 
the Act retpiiMHi the exteiual w*alls to be built in 
iH>ncrete of a t^'rtatii maximum thickneaa. and if 
vou comply with that c'ondition you can build. 
To this we reply that our walls are nut concit'te ; 
tliey art^ ft'iro-conorete. which is quite a different 
material, and to give them the thickness of 
common concrete w*oukl be, financially speakings 


an impossibility. It woiikl also be an absurdity, 
since our, comparatively speaking, thin walls 
are many times stronger and fafe^r than those 
mentioned in the Act.^' 

This state of affairs deserves attention and 
alteration. Special regulations and Acts have 
IxN'n mad", Ijoth on the Continent and in 
.Aroeriea, whieh govern the use of reinforced 
< onerett*, and very properly require the employ- 
ment of the lx's! materials and the Hupi*r\nsion 
of th(» work by ski I U*d foremen. 

Tlie Hennebique system of reinforcing con- 
crete has. however, lieen employed in London 
in places over winch the I»ndon County 
Council have no jurisdiction, n itably at the 
Victoria and the Albert Docks, where granaries 
and warehousen have l>e<*n constructed. 

Essential Conditlona. Kven without 
State regulations, tluwe conditions must be 
strictly obsi»rvcKi. otherwise failure will lesiilt. 

The quality of the ma((*rials to Ik* used must 
Ik* absolute ly the lH*st. The eonerete* must Ik* 
made with Portland cement, and not inferior 
cement or lime. 

For wat«*rtight walls, tanks, conduits. jiqK’s. 
(‘te.. or Miruila! work, tiu* coniTctc must Ik* made 
with sand and eemc'nt only, to assure imper- 
meability. but wh<*re ihiekneHs is rerjuireci as 
W'ell as imp rmc'nbility. tbi* fii'^ework can Ik* 
made with neb mortar and a backing of eoiier<*te. 
not quite so nehly gaugi'd lis thi* niortai When 
pijM*H construeted of r<*inforeed (*onerelc are 
exp-et4*d to itand high prt*Hsun‘s, a lining of 
fii 'la! IS um*d to prcv<‘nt leakage. This, however. 
inercHses tin* cost of const ruction, making it 
sometimes more (‘(‘onomieal to employ ordinary 
steel or iron pi[M*s, 

It IS iieei'SHarA' to wk* that the eoneiete is well 
rammed round the so that no voids exist. 

Wht*re large sections of metal are employed, it is 
advisable to pjiint all metal work with cement 
grout iK'fou* It is enilM*dd(*d, as by so doing the 
mass is ma'l ‘ i.oniogeiieoiis the metal being 
we I elcaiiiHl previously .XnotVier. and fK*rhaps 
the U'st. rrason for painting the metal lieforc it is 
Is'dded IS that, from <*x|M*nmeiits lasting over a 
iiiiriilier of years, it has Is'en found that the sur 
face of the metal is. by ehemieal action, covered 
,iiih a coating of sdiente of iron. This coating 
prevents rusting after the m(*tai is emlK'dded, 
and It has been found that rust »‘Xisting previous 
to the emlHKlding of the metal has l»een re- 
in(*v<‘<l Tais is of great importance, as at one 
time some doubt existt*d as to the life of re- 
infoieiKl (Hinerete structures. es|K‘oially those 
(Mirtially or w holly submerged. 

The Field of Reinforced Concrete. 

Reinforced concrete can be economically 
employed on bridgea. buildings, doors, tanks, 
etc., etc., the cost of the work being lowered, 
while there is no loss of stability. It is 
e.i}K»ntial that reinfoit'td t'oncrete must be 
designed, as welt as carried out. sc'ientiHcally. 
and. as before staUKi. only the best materials 
must Ik* employed. rnscientiHc reinforcement 
(woduces wa^Hte of material, and may cause 
msastrous results. It is. therefore, necessary 



<0 look minutely into every deUul of cnm* 
Htmction. 

of Reinforced Concrete. 

There ere many advantages in the use of 
reinforced oonerete. Perhaps the grentet^ one 
is that of economy in cost and rapidity in 
oonstruction. By employing this system, large 
masses of concrete or masonrv can b<' saved, 
without loss of stability, and Ac cost of niam- 
tenanc'e is practically nil. Mouldings for bridges 
or buildings can bt* madr* without false work of 


etvti, ifteiimiitiMi 

disiiiftsded, aiui do not harbour microU^s. The 
tire-r<L^istiiig prop^Tties of reinforced iHiuorete 
have Iwn pnivwl lieyond doubts the low 
conductivity of the concrt»te pnitciding the metal 
frtmi heating unduly. Buildings have Iteen found 
to lie as strong after a tierce tire os Indore, 
practically the only rt^jiairs necessary Inung to 
tittiniis. The finer the mesh of the reiiifort'ing 
metal in the tioors. et< .. etc . the li^ss the liability 
of the concrete to crack. Ortliiuiry conenMe 
rapidly disintegrates when subjcctiKl* t4» sudden 



any kind, and arc oft m made on th * ground, 
being placed in position as the work prfK^eeda. 

Lintels, sills, mulltons, and other small fram- 
ings are generally moulded prior to their being 
fixed in position, tne rods being tied together with 
wire distance pieces. 

Structures of reinfori*ed concrete are heavier 
for supporting the same load than those where 
iron or steel only is used. The hygienic valui^ of 
atructurea made with reinforced concrete is 
indiaputable, for they can easily be cleaned and 


ccKiling, as w’h«n water is thrown upon it in times 
of fire. No such disintegration o<!curs with 
prop.;rly reinforcid concrete. Tais is due Ut the 
coemcients of expansion of concrete and iron 
being practically the same, and therefore no 
internal stresses are set up by the differences — 
of expansion or contratdion. 

Another great advantage of reinforc’cd eoii- 
erete is that it is free from decay due to dam|>, 
or the attacks of marine or other insf^'ts whi^h 
cause so much damage to timlnTstnictures. 

1645 







to VIlMniitloii. The re- 

fiietofioe to ihockii and vihratums i« very marked* 
AH will be Veen from the folknring expc^imeatii : 

A wei^t of 1 12 lb. dropped 0 ft. fl in. on an 
iron and brick floor produced vibration*! in. 
in amplitude* lasting two tieconda* while a weight 
220 lb. dn>pped 13 ft. on a reinforced concrete 
floor pnKluced vilirationii !*« in., laating 5 necond. 
When floont are to aland ahocka or vtbrationa it 
ia nctseaaary to incrcaac the richneaa of the 
concrete. 

Tanka C/onatnieted of reinforced i^oncifte 
withatand the action <»f aikaliea bc*tter than 
when eonatructed of timl»er. but free carbonic 
acid, nitric, and hydrochloric n'-ida have laid 
on the concreU*. In caa where tV 
Holution'i are weak, an inen^aae of Tichnena of the 
eon«Tct 4 * i»vercom**H thin difficulty, but where 
Klrong a 4 *ida are prevalent* reinforced con<treic 
etc., aliould not la* umal. Hot fluida ahould 
never la* turn^al into piiK*M mad'* with reinfortaal 
('oncrcte, 

Influence of Atmospheric Action. 

AtintMpberic action on reinforc*ed concrete, 8 m*h 
a« hiiinidity, cauaea elongation, w’hilc exet'^aive 
dryncHM <*auHeH conlra(?lion. Thia action ia more 
noticeable where the concrehi* haa la»en made 
rich in <*einent. There in conHeipiently a dia- 
advantage in the employment of reinforced 
conende in certain climaUw, applying more 
ea|M*cuilly to ex|a»a(al atructiirei than to huildtitga 
or aimilar worka, TimU*r expansion atripa have 
lanm am’ceaafully »«<hI for rettiining walU, but 
they cannot la* cmployiHl for watertight work. 
l.«Hiigi* ari'hcH and amall hridgea have been 
conatructiHl with hinges on the abutmenta to 
overconu* thia difficulty. 

The high jH*r<*cntagc of dciwl to live load 

{ ircveiitM the employ nit'iit of rcinforcraf <*oncn'(e 
or bridgea of very lai'ge Mfiaiia. 

'Hie great<*Hl care niuat Ik* taken w}h*h removing 
i'entrmg, atruta, props, cu-., els ., fnuu the aork 
after ita completion. It ih laf'st to leave all 
ahuttering. centrea, etc.. ct<',, in |K>Hition f«»r 
aeveral daya, to alkiw the concrete to net 
thoroughly. The whole atructure ahoulc^ remain 
for Home we«*ka liefon* anv teata arc applied U» it. 
Thia f>eri<Hr of nast ia generally taken to Ik* not 
leaa than four weeka, but it dc(ienda on the 
iiatun* of the Htructurc. 

Estimatlog the Reinforcement. In 
determining the amount of metal necenHary for 
reinforcing anv juirticular atnicture, note muat 
Ih* taken <»f the i|uaniity of t*ement to Ik* eni* 
plovtnf in the concrete. The metal ahould have 
aufficient Het*tional area to auMtain all the tenmle 
l>ut it alu>uld Ik* olwerved that them* 
Hlrmaea inuat not exceed the coefficient of eUa- 
tieity of tlie concrete* or cracking will occur. The 
fXKiition of the bara ia found from the fact that 
the value ia in dircH't profM>rtton to their diatance 
from their n.*iitral axis The aafe ten'iile atreaa 
for inm liar.s varie» lK*twt*en 6 and 7 ton» per 
Mquare inch. 

The modulua of elasticity of ateel may be taken 
as beiwtion 9 D. 0 U 0 *UtJt> and 36 ,(l 0 Q* 0 i )0 lb. 
•quare inoh, and that of ooneiwte from 1 , 000,000 
to iiOOChOOO lb. ptr squari taoh* aopofding to tho 
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amothit of oement in the mixture. Another im- 
portant factor in the amount of water need in 
mixing the concrete* aa, ahould it be used too 
hT>ly, a loaa of elaaticity occurs. It ia neoemary 
to hage suflElcient water for hydrating the 
cement* and for ordinary oement it may be 
taken that the beat reaulta are obtained by 
adding 4 to galions of water to each cubic foot 
of cement used. It has been found that it is 
better to use the concrete fairly dry, and to 
ram it well into position round the metal. 

Tanailu Resistance. The resistance of 
concrete to tensile stresses is taken to be from 
one-tenth to one- twelfth that of its resistance to 
compnyimon. In America the compressive strew 
for concrete is taken to be flOO lb. per square inch, 
while in Prussia it varies from 285 to 50(1 lb. per 
square inch, according to gauging. 

The following tabic gives some of the results 
arrivwl at by Professor Halt when experi- 
menting w'ith eem**iit mortar gauged 3 to 1 : 


TIiim* Mfn*r 
MouWllirz. 


) 

8(rt*tifrth In lb. per j Ratio of 

Htjuarr liidi. ! C'<mipret»lvr 

' to 

Tfimllr 

('4>nipreBBi\r. Toiialle. Strength. 


7'iiv. .. 3,145 

2H (I ty/t 5.HS0 

3 mt» itliH . . 1 H.lHii 


412 

505 

020 


7*65 
1 1 00 
12 70 


From exj)eriments carried out by Mr. Baker, 
and tabulated in his IxHik, “ Masonry Con- 
struct ion," the compressive strength of concrete 
IS found to vary almost directly as the strength 
U> which it has been gauged. The following table 
shows the crushing strength taken flOO days after 
moulding : 


Pr«»iMirtioii<if tlif Mortar 
lliKnd w ith the name StoiM*. 

PnnKHlHin 

CroshifUE 

1 >nirnl . 


( >m'-nt 
Rrlativr. 

Htrengtli. 


I 

1 <»0 

6,000 


2 

0 «7 

2.. 300 


3 

0 5H 

2.6<»0 

I 

4 

0 40 

2,000 

1 

5 

0 33 

1 .000 


Dr, R. Dykerhoff carried out some experi- 
ments on concrete culies 28 days after moulding. 
The results are tabulated below : 


j Proporlitm*. 


i'nashltig Htrencth 



- - 

In lb. 

FnrtUtid 

fmient. 

Sand- 


per Hqoare Inch- 

1 

2 

0 

2*138 

1 

4 

3 

2*783 

1 

2 

1 3 

1 2*414 

1 


0 

1 1*408 

1 

3 

6 

1.881 

1 

3 

n 

1 1,634 

1 


; 0 

1.088 

1 

4 

1 * 

1 1.291 

1 

i 

i •» 1 

l»i21 




It will be ieen that concrete com|H)ee<l of 
cement. Mind, and Htonc, or nhingle, in always 
•tronger than that compooed only of cement and 
sand. By comparing these tables, it will he 
noticed that the strength of the concrete increases 
with ita age. 

CompmMlon Limit. In reinfort'cd con 
Crete structures the safe limit for compressioii 
may be taken as l.-tTiO Ih, |H'r squan* im*h. This 
is the mean value after six weeks from moulding, 
and hy allowing a further factor of safety of 
the compressive resistance becomes 415 Ih. 
per square inch. This tigiut^ is low when it is 
(xmsidered that experiments on large pieces 
show a resistance as high as 2,510 to 5.490 Ih. 
[M>r square inch at failure. Taking u safe limit 
at two- thirds of the final resistan(*e, and allowing 
for the factor of safety 3 5, we get as safe stress's 
005 lb. per square inch. 

Taking everything into consideration, it is 
advisable to adopt 400 Ih. p«‘r square inch for 
pieces in direc't compnwiBion and rcinfon;e<i with 
longitudinal bars tied with cross purees, and 
500 lb. per square inch where pici*es art* to Ik* 
subjected to bending. Whore vibration is antici- 
pated the figure* is sometimes taken os 300 th. 
per square inch. It must Ik* iMirne in mind that 
special cases require to l>e skilfully dealt with 
by Uie designer. 

The resistanee of eoncn*te to shearing is taken 
as one-eighth of its resistanci* to compression — 
that is, aiKiut 50 lb. |K*r square inch. 

In calculating the tensile stre^sstM to lie taken 
hy a reinforced concreO* structun*, the value of 
the resistance of the concrete is at prewent 
neglected. This is on the safe side, hut whem 
the Whaviour and projierties of reinforcwl eon- 
erete are better known, the tensile assistance due 
to the concrete may U* taken into consideration. 

Ftre-resintinf Properties. The fire- 
resisting advantages of reinforced <*onerete 
must not Ik* relied on unk^ss certain eonditioriH 
are observed, the neglec't of whk*li involves 
serious consequimees. The main punts for 
attention are the proper protect kin of the 
metal work hy embedding all rc>d«, eU*., in 
suitable aggregate, and in making the aggregate 
of materials which are fire-resisting. The sub- 
ject has received attention from the Kiri* Oftk^es' 
roraraittee, who have issucHl rules defining the 
easentials to be observed to bring buildings 
constructed on this system w ithin the insurance 
lines. The rules refer to emliedded metal rods 
or bars sfiaced not more than 12 in. apart and 
overlapping at least 6 in. at all abutments and 
interse(*tk>nH, and having liands or bars across 
the conerete. and specify that walls and parti- 
tMms must be of hrk'k. terra-cotta and <*<*ment 
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c'om'n»te (*oni|K>sed of broken Iwiek. burnt 
liallast, furiioi'i* clinker, or stmihir hart! or luimt 
itiaterisl ; that the concri'te is to Ik* com|K>se<l 
of sand and gravel which will pass through a 
} in. mesh, or of the afoit* mcntionrsl nmtermls 
It IS also pro \ id CM I that the cement us^mI shcnild 
he Portland (ecpial to the Hiitish Standard 
S|KH iHeat ion of I KM eiidM i . Ih M), m the pro 
|Mirtioii of h ewl. of ccMiient to each cuhic vard 
of t*oncrt'te. and that the ct»’icretc must Ih 
thoroughly mixt*d. Uith dry and w'c*t, and must 
Ik* rammcnl round the metal Wi»rk in |MMition 
Kvery jiart of the metal work iniiMt Is* clow'ly 
i*iieascxl in solid conert*lc*. 'I'he rulen r(M|Uirc 
the external walls to In* not lt*SH than (i in., and 
party walls not Icni.i than 13 in. thick ; that 
HtMirn must In* const niet«*d of r<‘infor(‘tMl co?i 
Crete not less than 5 in thick in any part (no 
woodwork to he emlnxldcHl tlu*rcin). snpfHirted 
on lM*amH or columns of similar reinforcMMl 
cMmcretc*. 

Reinforced Concrete Roofa. Hoofs, 
if const ructt*d of rcinforccMl concn*tc*. mav 
lie dealt with as tioors, hut in no part shall 
the (MMicrcte In* less than 3 in thick It is 
recpiircd that all mc‘tal work must la* cMiihcddtHi 
in solid concn*te. so that no part of any rod 
or l»ar shall Ih* nearer tin* fiwc of tin* cnncn‘tc 
than doiihic its diann*tcr. Such thi(*kin‘*'s of 
concrcMc must, in no can*. Im* less than I in . 
hut n«*c*d not Ih* mon* tha*i 2 in. 

These* rules, and others which Inivi* not lMM*n 
rc'ferrcMl to, afTord a h^isis for any icgislat ion. or 
hylawH, whk*h may Ih* in»c‘csKary to cnahlc the 
fuivantag(*H of this most inqMirtant system to 
Ih* utiliH4*d without tin* risks w*hH*li wcmld result 
from its eiiiplovm(*nt hy iinskilfiil or ignorant 
|[H*rKonM. Se vcral cH'H'H are ktiowii where iinsatis 
factory resu Its have atlend(*d the iinskilful use of 
reiiifor<*ed <*on<*rc1<*. ( Inc occurred in Madrid, in 
•Itine, 19115. w}n*n the columns siip|Hirting tin* 
roof of ac’OvercMj ri*Hi*rv«»ir in course* of cemstrue 
tion gave way, 'I’he nM»f corisisl^xl of arches 
of reinfor<*iHl (*oncre!<* of 4 in. total thu'knes* 
and 19 ft. span with a rise* of one-tenth the sfian. 
These arches tcaik their springing fioiii girdi’rs 
of reinforced conen'te, each of w hich cxtc*ndfMj in 
a contiriuo'jH length over tw'o compart nn*n(s, and 
thus measurf*d 5Hn ft. m total length 'i’ln* 
depth of the girders was 29 in , and tin* width 
of the top was 19 in., lH*ing leas at the iHittorn. 
lliesc girders were supportesi on ff*rro-concrete 
columns 19 in. sepjare and 27 ft. (\ in. long 
witho.it any hroemg. Owing to the changes 
of temiHTature which occurred, and their «*fTe:*t 
u|K»n tlie long girders, together with the alisetice 
of brac’ing to the columns, distortions took 
plac'c w'hk'h resultc*d in c'oinplete failure. 


Rtinforrel (^imcre^e cmrluded 


1647 




By J. A. HAMMERTON and WILLIAM DURBAN. B.A. 


l_IAVIN(L in the* pmM*ding <»f this 

“ courwe^ in (d jcational travel given a com- 
plete guide to all the leading features of intere^.t 
on the Continent of KurojM*. we now conclude 
our HcrieH of outline tourn with (’anada and the 
United States. It wan clearly iminmaible to 
treat the whole gloln^ in the manner in which w’e 
have (hyilt with Euroja*. and we have had to 
(;hooHt* iMft ween HUgg ‘sting tours in Egypt, Palee- 
tine, India, South Africa, or any of thos* other 
(|uarterH of the eaith which ttM^m w’ith interest 
Ui the studious traveller, and confining ourselves 
to North America. In (V.nada and the United 
States the advance of industry makes these coun- 
tries of paramount importance to the student. 

THE UNITED STATES 

Tlie Unitid States of America is a land of 
unspt^ikahle int(Tei;t in many directions. It is 
the most wonderful sociological labon^tory that 
the world ever knew. All the industrial, 
economic, s^K’ial, ecclesiastu’al, and |H>litical 
problems that concern humanity are here in 
the erucibh'. With a rap.’dly increasing popu- 
lation of nearly eighty millions, giant cities are 
springing up in which the most i;dvance<l 
civilisation is in full evidence. 


Miileiidid tkcuM{»a})or nfticcH in (rreateMt number. 
Tfii' two Sujtprmtion Hrtdges over F*^t River. Broods 
w»av. ttw chief artery of traffic, /’i/rA Arrrmte, with 
the iiiAnMiotiM (»f the tnultimillionaire.-*. A»tor 
House, tin* old busmen hotel and restaurant. 
IVaUlor/’Asttrria Hotel, iho mowt fialatial m the 
worhl. T)ie rrismnioth Stores of Siegel, ('tKijjer, 
Wannamaker. Mac«*y, Altinanii. and other tiniiN. 

ride on the Hudson |mHt tlie Puhsades and on to 
TarryUmn, the home of Watihington Irvina. The 
great Astor Library. A drive throegh Central Park. 
Tin* new and imfnen>*e Z<x>. Columbia Cntrersiti,. 
The cliipf ('hurches, including fJrac*e Church, the 
Homan (’atholic (!athedral. Trinity, Fifth Avenue 
l*r«*Ah\ lenan. A ntroll in ('hituUitum. A walk along 
Bowery. ltii*erside, with (trant ’k Hplendid tomb. 

Sixth Day. Brooklyn : Plymouth Church, nceiie 
of Henrv Ward B«*«*cher’H miniHtrv. Hit* Htatue in the 
Town Hal' Souarr. (ireenwtxul, the beautiful cemetery, 
A drive to Jamaica, a^ a Hainple of a lovely Huburhaii 
remileiit ih 1 village. Ride to fV/ncy Jsland. 

Skvk.nth am> Kiuhth Dayh. Acro^H the HudHon 
in N«*w .lerH'+v State. Ramble for a day nuiml the 
l»f*«iitiful diHtnct of Montcia r, in w hi(*h live the 
ina,ority of New Vork’H iHiitori, joumnlistM, authors. 
arti**ta, et<-. Next day take a trip from Montclair 
<»\cr the Orarujr MotitUains atul visit Lnyle Point 
for the glorious \ie\v. 

Ninth Day. Visit Patkrson, w’lth its famous 
silk nulls, and Nkwark, the American Uirimiigham. 
Also, near hv, the lovely little town of Maoimos, a 
tVHidenee of millionaires. 


When to Visit America. The best 
IKiriods of the yctir for u visit to the United States 
arc spring or early summer, from the middle of 
April to the l>cginningof July, and autumn, from 
the beginning of September to the middle of 
November. Ilie weather is, at these times, 
generally m^ttli'd. and the atmosphori' is enchant - 
mg. At other s«*asons extreme heat i»r eold. 
heavy and continutni Hoods, or vkJent i.torms. 
are apt to render travelling exce<*dingly un- 
comfortable. June is charming, and above all, 
the “ Indian summer ” of ()ctolK*r, which 
amasuHi the I*ilgrim Fathers and Puritans at 
first, is exquisite in its wonderful displays of 
autumnal tints and delicious temperature. The 
land then overHowa with fruit. 

A month’s absence from England is often used 
by holiday travellers for what is, of courwN an 
exce<*dingly brief sojourn in so vast a country, 
seeing that the first and hsrt.t wnn^ks are entirely 
absorlHKi in the* voyt^^cs out and bp.,<'k. The 
luickest lines only allow of such speedy transit. 
But during a foitnight, a never-to-be-forgotten 
glimpse may be enjoyed of New York. Brooklyn, 
Philadelphia. Waahin^on. Baltimore, Buffalo, 
Boston, Niagara, and Detroit. 

A Month in the United Stntes. 
Quite a month should be taken if anything 
like a real idea of some few of the most 
important parts of this wonderful country is to 
be gained. • 

Fiasr Day TO FirrH Day. Nkw York : Tlie CUy 
HaU Sqmart , tJw centrv of tlw* town, wlwfrc rtv thk 
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Tk.nth Day. Hartford, the capitHl of Connw- 
ticiit, IK H bciiutiful Mirnplc of an American city. 
Bu hnell Pork, with cxqiiiKitc Fountain, and fine 
Mcnmrial .-Xrch. The inagniHtHmt StcUe ('apitol, 
oiH' of the most bi'Rutiful of all .American ImildingK. 
The fiiinouH Chnrlrr (Ink Tree . Trinity ('ol.Atge . 
Colt Al f mortal College , At ark Twain's House. 

Klkventh Day. The beautiful Bark called the 
Common. The Fnxj Pond. Th» lo\elv Maid of the 
Afist PounUitn. Beacon Hill, with the line State 
H<hik<« on Huinmit. Itld Sou*h ('hurch, and Old 
.\orth Church, with I’aul Re^ »*ro*H Signal LanteniK. 
Panrutl Hall, the ** (Yadle of .\iii(«rH'un Liberty.” 
The Old Suite House with ” IndepeiuletUN* Window.” 
Ni»rth Square, with Paul Bex'ere House. The 
beautiful AVir Public lAbrary . Atuseum of Fine 
. Commimwealth ,4rrni4f, with (farnHon'K 
Staiuc, Afussachusrtt's institute of Technology . and 
LjCtf Ericson Statue. The city is compact, and all 
may l»e in a ilay if ni^edfiil. 

Twki.i^'TH Day. Journey to Buffalo. 

Thirtkknth Day. Bvffalo ik a l>eautiful citv. 
and Can Iw' He<”i m a day. auhurlM are mpet'ially 
fa>M'inatiiig. The town coutaiiia 80 churches, many 
Iteiiig splendid stnictureH. Afain Street, two mikM 
long and 1 20 feet wide ; City Hall, emt £400, (MK) ; 
the I*ost Office , the Park ; the Buffalo River, -are 
tfie chief pointM of interest. Ixikt Erie i» only two 
milofi from that city, 

Fourtkkkth Day. Niaqara is reached from 
Buffalo by car ride of only 20 mile*. See American 
and Horseshoe Falls ; O^t Island : Luna Island ; 
the pretty town ; the Rapids above the Falls ; the 
Cataract below, tlie wonderful Clorge. and the 
Huspenaion and Railway Bndges. 

Fifteenth I^y. JtHimey to Detroit. 

Sixteenth Day. Detroit. One of AnK*nca% 
loveliest cities. See the beautiful Detroit Rtrtr 
between Lakes Krie and St. Clair ; magnificent Roman 
Catkotic CtUkedral , flue City UaU ; beautiiul Opera 
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Hcmse : great Custom House. T1»p city cxiend-* for 
seven miles along tl'e riven<ide. 

Seventeenth and Kigmtkkkth Day"*. Journey 
to Cincinnati. This magnificently situated city, 
which used to be styled the “ Queen of the West,** 
is on the great Oliio River, looking across into 
Kentucky. The visitor is hero on tho northern ihIuo 
of the Southern bolt. Cincinnati is celebrated fi>r its 
superb ring of suburbs, all sitnattHl on \vot)dtHi lulls. 
It liea in the lap of thest> heights. Tho A/usn* 
Hall is one of the finest assenddy baildinus in the laud. 

Nineteenth Day. Loi isville : This w the 
handsomeKt city in Kentucky. The Falls of the 
Ohto ; Main Street, three* iiuUm long, a inacrnilicent 
avenue ; and the fine Court //ousr, are the chief 
sights, threat tobm*eo and other factories. 

Twentieth and Twenty -must Days. Two days 
are needed for jiuirney t(» St. l..ot’i.s and survey of 
city and its environs. It is the iu<»st important city 
of Missouri, and stands on the great Mississippi. 
It [H*s,sess<*s a fine Court House . splemlul ( tttf Hall . 
several of the vvorUl’s largi'st lioi«*ls, ami luaipv tine 
puhlic Imildings, us woll as the U’us/nuj/tcu I 'tunrstitt. 
There an* inaiiv immeiist* factmies and vv aichmiso-. 
Udie ('ustnm Hitus* rost i‘ 1,(HM»,(HK>. 

'J'VV ENTY-SKCOND AND T W EN T V -TH I It D DaVS. 
('HicAtio is, like Now York, a “ City <*1 Skyserapers.’* 
It lias tie* fineist I'mvrrsitu Hutlelings in Atnenea. 
The great Armour Furktmj Fstahtishment : the great 
Armour Educational Itistitutr ; the famous (iratn 
Elevators; tht* vast Lumher Market: many magnifi- 
cent churehes and palatial business Imusc^s comprise 
ita objects of interest. 

Twenty-foikth and Twentv-fifth Days. 
Journey to Wahhinuton, The visitor might t'lect 
to take (’hicag»» first before St. Louis and Louisville. 
Rut either way he eaniiot set* these gr<*at northern 
cities and also takt* a trip south to Wushiiigtou 
without n long journey. 

Twk.ntv -sixth 1>ay. Washington is e«*rtaiuly tho 
city of which America is ]>rou(i«*st. Its chief sights 
are; Tlie Capitol, nW of w liitt* m.irblt\ with S«*riati* 
jloiim^ and Hous4* of Hepre-M‘ntut iv<*s ; iht* .V<i/<ooaf 
Jahrary, one of the moMt sumptiKuis Inuldmgs on eart h, 
hIm) of white luarhlt* ; tin* W ashiuitun (flohsk; tin* 
Tiiuuiufi('<*rit Arenues , and th<* White House. 

'Pw enty-seventh 1)av Vi-ii lilt) F'ltoniar and 
take a trip <iu tht* iiver to .Mount \'trnoH, the heuutitui 
Imme of Washmgton. 'I’lit* (iraves of Washington 
and his wife are in the grounds. 

Twenty-eighth Day. Raiiimoke i-t a hoautiful 
city, called by the mitive.s tht* M<*tiumt*nt(tl Cit>,” 
and also the “ Oriole City.” Many lu’uutiful iiioiiu- 
Tuenta, of which the imwt famous is tht* elegant 
ttheUsk^ in honour tif the (h*ft*n<lers of the city in 
iHl.'i ; the John Hoftkins Cniversity, Am<*riea’s 
greatest Hcientific institution ; the ( ity Hall, one 
of the finest huiidings in ifie States ; and th * mag- 
iiifieent Homan Catho'ic Cathedral^ with celebrated 
organ ; all worthy of a visit. 

Tv^enty-ninth Day, 1'iiiladeij*hia is the 
largest American city in area, extemling t>vor *22 
miles in length. It is a histttnc and beautiful 
city, and posHesses luimerous (me park-H(|UHres. 
Indepmdenct Hall, where was Higmsl the famous 
Declaration of Indeiauidenee ; the Academy of 
Fine Arts, with gallery of ovei picture ; the 

Girard College, of w’hile marble ; the Fennsylvania 
Vniversity, with America’s best nuNlical school, 
are ita k)i^ng features of interest. 

Thirtieth Day. Back to New York. 

Longer Tours. It is impoKoiblc to tour 
through both the EaHtorn and WeBtern StatoB 
in lesa than two monthn. The moBt eligible 
Western extension is through Kansas, Colorado, 
Utah, and Nevada, into California. An excellent 

S ian is to return by the northern route through 
tegon, Washington State, Idaho, North Dakota, 
and Minnesota and Wiscon.Hin. 

TroTol, Food, mnd Ezpenoo. America 
is not an economical country for travel. 


Tho avenvgo railway fare is three cents (thrtH' 
halfpence) per mile. Many nuMiln muHt l>e taken 
on the train, and the price for each of these is a 
dollar. But fried chicken, fruit, cakes, etc., can 
always be had at the stopping points. The cost 
of a sU*eping berth is ten shillingH on most lines, 
in addition to the fare for the journey. There 
are no sep.irate classes of carriages. Hotel 
atvoinmodat ion is usually more expimsive than 
in European countries, and service is sjiecially 
costly, laundry charges heing high. Fe(‘ding it; 
luxurious. But the dietetics of America indiH't* 
serious tendencies to dysjiepsia. 

Literature. We may speiually commend 
Steevens's ” ]..and of the Jhillar,” liovelt's 
“Ignited Stati's J*ietiir(‘s,” Sala’s “ Ameiica 
Kevmit€*d.‘’ Helxvca Harding Davis's “ Amerii'an 
Life.” Brydge’s ” Unch' Sam at Home.” Archer's 
‘‘.Vmerica of To-day,” Vivian's “Notes of a 
Tour,” Mav O KeH's “Frenchman in America." 
l)«‘an Holer's “ JJtlle 'Pour in America,” Hatton's 
”To dav in America,” Foster Fraser’s ‘‘America 
at Work," and Manning’s “American Pictures.” 

CANADA 

The “ Land of tlie Majile Leaf ” is at length 
taking its rightful jilaci' m the cst(*em of thosi* 
who d(‘Hire to see oth(‘r countries than tliis. It is a 
magnific(*nt region, of an extent diHieult to realise 
by mere exammat ion of the map. Its climate is 
one* of severe extreimm - hut tliey are omirumtly 
salubrious (‘xtremes d(‘H{Tihed as “ hoiH'sl heat 
in summer, and honest cold in winter.” with 
glorious Hunshino through th(' year. 'J’he fiT- 
tility of (’unada is almost unrivalled, and its 
food-producing cajuwcity is ahsolntf'ly incalcul- 
able Its grand forests and prairies are gay with 
wild tlowers and tohaeeo. Indian corn, melons, 
peaches and grapes tlourish jirodigionsly. Itoots 
of ail kinds grow to monstrous weight. Its old 
cities ari> full of historic fascination for the 
visitor ; and its lakes, rivi'rs, and mountains 
niaki' np a panorama of snperh scenery W'hieh 
could not he exjilorcd in the longt'st life-time. 
Being now only eight days from our Hhores, 
('anada is easily aceessihle. 

How and When to Visit Canada. 
Many tourists, very unadvisedly —to savo forty - 
eight hours — reach (‘anadiv by the comparatively 
dull route viA New York. They t bus incnir more 
trouble and exfKmse, and mitis tho wonderfully 
beautiful voyage up the St. I.Awrenco to Quelnx?. 
Tho Iwst time to visit Canada is in the autumn, 
when the country is seen in its loveliest garb, 
and the atmosphere is Imth delightfully balmy 
and also extremely exhilarat irig. At tliat HeaHon, 
the northern and shorter of the two routes past 
Newfoundland is in regular use. This is the 
Bello Isle route. 

A Month in Canada. Not less than a 
month ii necessary for the tourist who would 
see tho chief points of interest, even in the 
eastern half of the Dominion. 

First to Third Days. Qi;kbec, superbly situ- 
ated, is a rnonuinontal city, full of rnernonals of the 
old French days. The chief slights are : the Vrsuline 
('onvent, in which most of the young ladies of the 
city are csducated. and in the chajiel of which is a 
monument to the Marquis Moritcuim, whow* skull is 
reven*ntly preacrv'cd ; the old Hcul iJieu, still marked 
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with Briti«h cannon ball* ; the great IjQvoI Vniver- 
»ity, with itfi t4»wering ancient and modem budding^, 
and aluo with the nnent collection of picturea in 
f'anatle ; the fine new Cily HaU, of greystone ; the 
Baailica. or French Cathedral, richly decorated within 
end containing many valuable painting* by Vandyke 
and other* ; the English ('atheAral, c<intniriing in a 
Iittlo chanej the bofiy of Montcalm ; the lofty and 
maMiive CiUuiel , and the famou* Platns of Abraham . 
the Provincial Parlwment building*, a fine block of 
grwHione in the French KenaiH*iincf *tyle. 

Foi'Htm Day. Falls of Mtmttfutrcnrt. One of the 
rno*t beaut ifui Hcent** in the environ* of Qo^hec ; 
al»o the hiHtorie heiidijuart^TH of (ieneral Wolb'i — a 
long, lou -raftereil, typiral F’rench-C'anailian ei»ttage. 

Firi’H Day. Hy the litth^ branch railway to the 
celebraUHl pilgninuge ( hunh of .Sf. .dnne de iSfaupre. 
\ iHited by nriinenHe niiniher* t»f devotee*. 

Sixth to Kiohtm Day*. Mosthkal. Here the 
(ouriHt W ill \ i*it the iiiiriieim«i and iitip<ming /furnau 
Catholn- Catludral, with two tail Mcpiare tower* . the 
eel»*hlat#'d I ' tni'rrstly, ealleil the “ l*ri«l*- 

Montreal *' . A/ont Poyalr. or the Mfuintain. the iiiont 
beaut dill eitv park on the wlede AtiierK’iiii continent, 
wdh gloi KMiK \ lew . the Hph'fidid tubular rati > ay 
bridgt'H int t he ( iraml 'IViink and t h<‘ < ’anadian I’ucdu . 
the beautiful i'hatrau dr PamtHy. 2(M» year* old, a 
wonderfully int<«reHting building in the heart of the 
buHv cdy, <M»ntainMig a great wtore of piclure*. relie*. 
eurniK. and treaHUie* of every kind connected with 
f>lii tmuw. both KnglHli and Frenidi . the Vtgrr 
bVirdra*. tJu' Dominion Square ; the /‘lace a' Arntct 
and the great rnoilern Cathedral of *V/. James, with 
IrcMCfH'd dome 260 feel high. 

Ninih Day. l.achtne liajuds. Thi* expediti*»n 
from .Montit'iil down the lant and moHt viohuit fall* 
of tin* St. liuwrem’e i* a ti'rrdic experience, but 
abHoiutely nafe on the Kinall Ht<'amer in *killed hand*. 
'The traveller now maki'* for the I’rfivince of Ontaiio. 
the heart and centre of ( anada 

Ticnth TO 'riiiaTH'.vTH I)a\m. Ottawa. Here is 
reached the proud inpital of tlu* Dominion Oovern- 
ment. d’he grand Pnrhatnrul Hu (dingy are magniti- 
eently Hi'uttnl on a lofty hill, commanding a view of 
the (Mtawn and ot va*t Atieti he* t»f fi»reHt. plain, and 
mountain. 'The »»i<i<c Chamber, the House of 
t 'ommons, with it* detaidied wing* cmitaming v ariou* 
j'uhlic ih'pai t ment*. the Library, om* <d th<‘ inoMt 
beautiful building* in the country, and the immetiAe 
lumlM’r work* iiti the Kivt*r Ottawa, are all worthv 
ot in*)H«cl ion. 'rill' ttiwn of Hull oppoHiU*. with ita 
V iiHt lumber vard*. and the Falls of t'haudtcre. a 
mile diHtant. *h«)uld al*o Im* v i*it<Ml. 

Klll'Mri'.t.NTM To SkV lINTr KNTIl 1>AV*. ToRoSTO 
1 * in many r^'Npect* the mo*t mtere*ting of all 
('anadian citie*, and ma> lu* <-on*uleretl the real h«‘art 
of Iho countrv , the locu* of the nalu>n’* life and 
aetivity. It i* al*t» a v erv Iwautiful cilv laid out 
m regular parallelogram*, w itli fine Kulmtantial hui d- 
mg*. in Kplendul strvM't*. It ha* a quarter td a nullaui 
inhabitant*, and maiiN (lourirtlimg Industrie*. Visit 
St. James's ('athrdral . 7'oronto Club . Vurm'* l*ark . 
Cnit>rrtttty : Trtntty College, in magiiifuent ground*. 
ru7uri« Presbyterian, and Mar Master liaptist 
i'oUeges, iiplendul ijatablishment* ; I^arhament House, 
a Hingle chamber ; and Osgood Hall, with law cimrt*. 
librarifvfi, and judgv**' chHinlH'r*. 

Eiohtkknth Day. Hamilton should l»e vi*it«Ml a* 
a typical ('‘anadian town. liandHomc aiul pro*jH*rouH. 
vvilii inhabitant*. It i* only 36 imle* from 

Niagara and 45 from Toronto, on the west end of 
l«aka Ontario, and i* a great railway centre, with 
l»ig locomotive and ear work*. 

NiNumciCNTH Day. lA*ave Toronto by boat-train 
alHvut inid-dny. and in three tioum. paaaing through 
pleasant fanning country, reach Ow-rn Sound, on 
(hnirgiaii Bay, Lake Huron. This is a tj*pical lake- 
shore town, wuth about 6.CKM) people. H*»re the 
tourist take* one of the fine Cl^'da-budt Canadian- 


Pacific steamers plying on the two inland aeaa. 
Huron and Su|jerio*r. The voyage is very pictur- 
e»c]ue. Ill# first stage being outside the archipelago 
of islands fringing the eastern coast of Lake Huron 
for 16 hours, then up the Narrows between the islet* 
to Sault St. Mane. Then the rapids with their 
famous h>cks. 

Twentieth Day. Sault St. Mary, generally 
called '■ The Soo." is a place of growing importance. 
The wonderful Jlaptds, a mile wide, and the largest 
pulp mills on earth (wood-pulp to-day makes four- 
fifths of the world's paper i are to be noted here. 

Twenty-first Day. Su^amer voyage along Lake 
Sum*hor Thunder Bay. 3<Kl mile*. 

Twenty-second Day. Thunder Bay', with two 
fowriH. Port Arthur and Fort W'llltam, at mouth of the 
Kumiiii*t i<tuia Hiver. Mighty elr tutors for Mam- 
t«*baii wheat, the grand Thunder Caf>e, the splendid 
Hprucf, and tamarak fon**ts behind the town*, 

le'tbmg the bill*, arc the mum item* of lnlere^t 

'I'w ENTV -THIRD Da V Kiiil f^'oiiiFori William ti» 

WiNMi’Lti on ( 'anadian-Puiitic linV\ through the 
romantic Rainy River <h*trict of New Ontario into 
Maniti ba, pa**mg through the \ »i*t virgin f(*reHt 
'j w KNI V-Kot’HTH Dav. Uinmi’KO I* a > oung 
hut hand*omeun<l enterprising city of 50.(100 pc ipic. 
It* *lre«-t* are wider than tho*e of any other city m 
the worlfl. and it i* hmlt on de<*p. ra h. Mack earth, 
with fine fuiilding* of reilstone. grey*tone, and red or 
W'hit4f hrick. 'I'here are *plcndul educational in*ti- 
tiition*. including the Ctn versify and St .. ohn's, Mani- 
toba, and Weshy CoUujts. The Orund Square , Vy lih 
tall e<*lumii ctirnmernorat iv e of CnriadiMn Koldier* who 
have fallen m battle, the mioosing Parhament 
Hutldings. the fine City Hall and spueam* Market, 
are all mlere*ting. and n(»t Ic** ko it* nio*t eoHnio- 
politnn popuiatioti SjxtkI ‘25th da> here al*o 

'J'wKNTV-siXTH Day. The tournt *hould la»gm the 
“ ail rail ” return journev Having come to Winni- 
peg hy th»‘ Lake r<iut«‘. he *hi»uld go ha<-k hy rail to 
Lake Nipissmg. traversing a mo*t picture*(pie region, 
famou* for hunting, ti*hmg. and iumlKTing. 

I'wLNTV-.sKVENT H Dav. Notice the Raft Portage 
on Jxike of the W’ttods, tin* lovtdy wenerv. This i* 
the eenlretjf *awmg ami milling, and al*o the head- 
ipiarter* of a wplendul Kpi>rtmg dislriet. 
Twesty-kiuhth Day. Lake NirissiMi. 
Twenty-ninth Day, Ottawa, 

Thirtieth Day. Montreal. Thu*, the tourist 
ho-s luijoycil a month'* leisurely and fairly complete 
Hiirvey of i*ne of the grainiest Hint ion* of the British 
Kmpire. If he eun spare a **‘cund month, he can 
uinlertake the jouriay farther w't»st, and can make 
aci|uaintnnce vv ith the great ranching, wheat -grow ing, 
iuiidtering. and sulrnon-cannmg region <»f AH*iniiM>i.i, 
.VIlaTta, and British ('olumhia. Here he enters on 
an entirtdy new w«»rld. 

Canr-d» i» a land of profuw honpitality. Its 
peoples love to greet and oblige interested and 
inquiring strangers. In the lei‘.dmg hotels of the 
great cities the tariff varies from three to five 
dollars a day ; in smaller hotels in these cities, 
and in the best hotels in the country towns, it 
ranges from two to throe dollars. 

B^oKe on Canada. The best hooka are 
** Canadian Pictures drawn with Pen and Pencil,” 
by the Duke of Argyll ; “ Canada in the 
Twentieth Century,” by A. G. Bradley ; ” The 
Chadian Dominion,” by C. Marshall ; Lady 
Dufferin's ” Journal ” ; Through Canaida with 
a Kodak,” by the Countess of Aberdeen ; “ To 
Canada with Emigrants.” by J. E. Ritehie ; 
Monck's ” My Canadian Leaves ” ; Slad^n s 
“On the Caii and Off *’ ; and Roper’s “ By 
Tiack and Rail Through Canada.” 


Confinved 
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CHEMISTS AND DRUGGISTS 

Generally speaking, a registered chemist is 
regarded merely as a superior type of shop- 
keeper — a man who sells drugs, medicines, and 
toilet sundries in much the same way that a 
grocer vends his particular class of wares. 
Comparatively few realise that the chemist, 
even the owner of a small shop in the meanest 
back street of any town in the country, must U* 
a man of considerable attainments and not a 
little scientific knowledge. 

Preliminary Examination. One of the 

first essentials for a successful chemist — tir 
pharmacist, as he prefers to be called — is a 
liking for, and knowledge of, chemistry. For 
upon that science hinge the elemental principles 
of pharmacy, altluuigh chemistry is only one of 
the subjects of which a pharmacist ought to 
possc'ss an intimate know Itnlge. The youth 
conU‘mplating pharmacy as his life-work must 
therefore have a liking for “ that branch of 
knowledge which teaches the properties of 
elemental^ substances and of their mutual 
combinations.*’ He must likeuist* be fairly 
w’cll educatcMl Fi^r, befon* Is'ing appnmticed 
to a registeriKl chemist, be ought to pass a 
preliminary' e.\ainmation, such as is recognised 
by the Pharmaceutical Society of Great Britain, 
and which includes Fnglish grammar and 
comjx)sition, arithmetic, algebra, Euclid, Latin, 
and a modern foreign language. The passing of 
this examination l>efore apprenticeship is pre- 
ferable in every way, but not compulsory. It 
may be taken during the apprenticeship period, 
but such a course wastes time which would be 
Iietter occupitMi in the acipiisition of practical 
knowkxlge. 

Apprenticeship. The “ Preliminary ’ 
having l)een successfully negotiated, a phar- 
macist with a good all-round business should 
be sel(*eted for the mentor of the futun* 
disciple of (ialen. The lK*st training for tb<* 
youth IS obtained in a g(Kxl rnixwi business 
in a pnivincial town. There he has a chance 
of learning all departments of the trade lietU*r 
than in a pundy disja^nsing business, or in 
a pharmacy in London or one of the larger 
cities, where work runs more often than not 
in a groove. Ind(K>r apprenticeships in England 
and Wales w'ere at one time almost the only 
means of training. Present day practice is 
tending to disc'ourage the indoor system in 
pharmacy, and the outdoor apprenticeship, 
which has always held good in S<’otLand, is being 
more generally adopt^. In the case of in- 
denture apprenticeships, premiums of from 
£50 to £100 are required, according to the class of 
business ; but a small weekly wage is usually 
paid to the apprentice engaged under the outdoor 


or Scotch system. The j>eriod of apprenticeship 
is from three to five years. Gf course, one ntn'd 
not l>e apprenticed to a chemist at all. but m 
order to qualify for the Minor examination of the 
Pharmneeutieal Society it is nei'essary that the 
student has either lanm registered as n student 
of pharmacy for tlmn' years, or that for tlinM' 
years ht^ has Is'cn practically engaged in tlu' 
translation and disja'iising of prescriptions. " 
Some youths put in the requisite thn>c years as 
*' dispimsers ” to doctors, or help in the dis- 
}K‘nsHric‘S of hospitals or other public institutions, 
but it will be re(‘ognis(Hi at once that such a 
training is too eircumscnbtHl and mc*agre for 
business siK'cesH in after life. 

Examinations. M'lien the apprentii'csliip 
jK‘riod is over, th«' next Is'st thing for the 
\M>ung man is to turn iiis thought s seriously 
towards the passing of the Minor Examination, 
which qualities liim as a “ (‘hemist and druggist."’ 
This is a statutory examination conduct<*d by 
the Fharnuu’ciitieal So(*H‘ty of (ireat Britain, 
whoMi* luNuhjuarters an* at 17, Bloomshury 
Sijuare, l.»ondon, \V,G 'riu^ legal n‘<|uirementM 
of the Acts jM*rtaining to pharmacy are that no 
one may assume, takt*. or use the title “ eliemist 
and druggist,’’ or “ dispi'iising cln'mist," or 
“ [iharmaeeut ieal (dieinist, " or ke(‘p ojHUi shop 
for the sale of t>oi.H()ns, or sell poisons as named 
in the sc'heduli* of tin* Act, unless hi' or she 
satisfy the examiners of th(* Pharinae(‘utieal 
Soeu'ty of his or her ability and tiiereby secure 
registration under the Act. This examination 
reipiires a fairly wide knowledge of botany, 
chemistry, and physics, materia ini'dira, phar- 
macy, practical pharmacy and dispensing, and 
prescription reading. 

CertiflcateA. If the apfirentiee has l>ecn 
serious, studious, and observant, and has taken 
advantage of all the Ismelits of evening courses 
at local leehnieal schools or colleges, he may go 
up and jiasH without any sfM‘(*ial tuition. But the 
Hcofie (»f the examination has Iwen so widened, 
and the subjects have hwm so <*lalH)rab'd during 
recent years, that it is almost a necessity to 
take* a course? or two at a school of pharmafjy, 
of which there an* many in l^ondon and the 
larger provincial towns. The average fee for a 
three months’ course, during whu-h tlie examina 
tion subjects may Ik? covered, is £10 lOs. Of 
coursii, IxKjks, some reagents, and the cost of board 
and kxJging, have to bt? taken into account over 
andalxn'e the fees, Bedor/' prewnting himself for 
examination the candidate must be twenty -one 
ycArs of age, and must pay an examination 
fee of £10 10s. If successful, he is registererl 
andean not only start os a chemist and dniggist 
on his ow'n account, hut has also materially 
increased his pecuniary value as an assistant. A 
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higher examination (entrance fee £3 3a.) ta known 
AH the Major Examination. Thia entitles the 
aapirant to call himficlf a “ pharmacist,” a 
” pharmaceutical chemist,” or a ” pharma- 
ceutist.” but it is purely honorary. Its only 
ractiral value in after life, t^eyond giving the 
older a certain higher status, is that it exempts 
him from jury service. These examinations are 
held at the headquarters of the Pharmaceutical 
Society and at the Scottish branch, 36, York 
Pla<!e, EdinVmrgh. 

Asaistantship. Ibdore launching into 
business a wide and varied ex|)enenee is 
ncM^ossary. The young man should endeavour 
to secure an assistanlship, or a senes of assist- 
nntships, in buHincsses of different ty|K»s. A 
year or two spent in a good-class West 
End I><»ndon ])harmiwy is useful in after life, 
but lierths in these are often indoor, with long 
hours, night duties, and small salarie.s. The 
improver unqiialihiKi—may reeeive a salary 
varying from £30 to £50 jmt annum indoors, or 
from £1 to£l 10s. weekly if the situation lK‘f)ut- 
dfxir. The qualified assistant lomniands much 
higher remunerat »on ; £(U) to £1‘20 per annum 
indoors, and £2 to £3 lOs. per week (uiOloors Inang 
usual, ai'cording to exiHTience and ability. A 
(’ontinental experience is of inealeulahle Umefit, 
not only on account of the kudos t<» he obtained, 
hut also as an aid to general culture and the 
hroiuhming of the pliarmacist’s somewhat re- 
stneliKi vision. Pleasant and profitabh‘ engage- 
ments may 1 k 3 secured in France and (iermany, 
and one or two seasons in some of the Kiviera 
or other fashionahU^ Font menial wat/cnng- 
plaees are easily proeurabh' by capable men 
Starting in Buaineaa. One of the 
gnmt drawbacks in the stMiii- professional training 
ni'cessary for a ehemist is lliat Inisiness 
prineinle.A are often neghs ttHl, or at best are 
imperiectly taught. It is notorious that the 
generality of chemists are bad business men. 
'Pile H<lvaniag<* of knov^ing all jihases of the 
husinesH— high-class disjauising, family and 
retail, a touch of wholesale, a spiet* of agri- 
eultiiral. and ” lieavy trade " (by whieh is 
meant dealing in oils, paints, colours, slu'cp- 
di|»s, ele.l- neiai seareely he insistcHl on, and in 
o|KUung a shop, each individual must endeavour 
to follow his idiosynenu'v and to expand in 
the department in whieh he is strongest. 

With regartl to location, it is noUvble that a 
corner shop is the one most sought after, and 
the moat desirable. A growing neigh Imurhood 
should l>e bxed u|>on, pnivided an entindy 
new start is to In' ma^ie, and the sueeeas of 
tin’* business de|s*nds in a grt»at nieasurt* on the 
fort'sight of the U'ginner m thia {Mirticular. 
We have in nund tlu' owner of over a dozen 
pharmacies in a large provincial town, who 
made it a uractiee to explort* the promising 
suburl>s of Ills town in his sjuvre time. In a 
likely spot where huildiug operations were going 
on, he interview’ed the builder, bespoke a nice 
comer shop, and w'hen the building was 
Hufbeiently a<lvanc(Hl. had hills posted in tho 
w indow’s, infonning the passers-hy that this shop 
was taken for So-and-so s pharmacy, and would 
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be opened in a short time. In many instances, 
the shop was not fitted-up or open^ for quite 
six months after the notices had been posted ; 
but meanwhile the neighbourhood had been 
growing, and competitors were soared off. 

Capital and Outlay. As in other 
businesses, the question of capital required can- 
not be definitely stated. The most successful 
businesses in pharmacy have been built up from 
small beginnings. Some years ago, one man 
gave in a trade journal his experience of how he 
started with six-and-sixpence, and in a few years 
made a res|)ectable living. He was, howrever, 
probably a man of transcendental ability and 
business acumen. But many good chemists’ 
businerSHes have been built up on an initial outlay 
of from £20() to £400 ; the amount of capital 
required do|)ends entirely on the neighbourhood 
selected, the class of business to bo done, and 
the stylo of shop. 

A large capital is not by any means a necessity, 
and l(K>ked at from a purely commercial point of 
view', it is evident that capital investea in the 
InisinesH of a chemist and druggist — w’hich is 
purely ptTsonal— should yield a relatively 
greater return than money spent in purchasing 
any ordinary marketable security. Businesses, 
well estahlisliKl or otherwise*, and of all kinds, 
are, of cours<‘. to be purchowKl at prices ranging 
from, say, £1(K) to £1.000. but we may imagine 
a young qualified chemist with £4fK) to spend, 
who has found w'hat ho thinks is a suitable site 
for a new business. 

Shop-fittings. After securing a lease, and 
starting an account at a local bank, he proc'eeds 
to the shop-fitting. This may lx? done for £5t) 
upwards, but in the prestmt instance, aliout 
£150 would be the sum spent on internal fittings, 
^’hese w ould include the usual w indow enclosures, 
counters, and wall fixtures. The window’ en- 
closures have on top iron bar tramw’ay lines, 
for the attractive coloured carlxiys that are 
th(' insignia of the craft in the eyes of tho 
piihlie. B<*hind the counter, and IjcIow' tho 
jiartitioncHl wall-fittings, there are rows of 
drawers, under w’hich are lockers for bottles 
and covered fK>t« for ointments. A small 
poison-ciiplK>ard in some out-of-the-way corner 
IS a nei'cssity. There would U' a dispensing 
counter, with prolwhly a mirror and marble 
slab in front, glass cases for the serving counter, 
and uprights for holding perfumes and toilet 
articles. Regular suites of pharmacy fittings 
may be purchased from shop-fitters w’ho make a 
sj)eeiality of chemists' shop-fittings, and a verj 
good show can lx* made for the sum named. 

Tlie ac'companying illustration [1], w'hich is 
of a shop fitted by Messrs. Maw', of London, 
gives an idea of how’ a long, narrow shop may be 
adapted to a chemist’s business to the best 
advantage. The approximate cost of fitting 
in maiiogany, or other hard wood such as oak 
or American walnut, is as follow's : 

Drawers for drugs, each fitted with a cut-glass 
label and knob. Lockers for bottles, etc., 
under tlie drawers. Ornamented pilasters, with 
carvings, sbelving for shop iKitties and jars. 
Cornice with |>eilinnents and other decorative 
work, about £2 lOs. Od. per foot in length. 
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Wall «how.ca»«», all glared with plate glaw. with 
bent glaa« doors whore required, ae indicnt«Ml 
in 1. Movable plalo-plnaa Hholven in the 
upper ca«e«. and witii oarvinpx and other 
decorative work, about £5 (K-*. iKi. per foot in 
length. 

Window encJt»aurea, about 6 feet hiph from floor 
of shop. With modern arrangement i»f plate, 
glaaa ahelving and mirrors, complete, about 
£3 Os. Od. per foot in length. 

Serving counter with plate-glass Rhow.ra.se front, 
about £1 5 r. Od. per foot in length. {t'‘urved 
portions about double the price of straight 
jiortions.) Drawers at back extra, about 5.s. 
f>er ilrnwer. 

Dispensing Hcreen, with counter nml all bai'lc 
fittings (aa ahow'n in 2). inirmr backs ami 
plate-glusH sbeKes t<> the « as('s, al>nut £5 (»s. tttl. 
per fo<tt m length. 

Dent plate and other show-easea f(»r ibe e<'uii<«'r 
lop from £l r»s, to £2 per fo<it in length. 

The same closigns can bo o.xooutod in loss 
oxponsivo matoriuls, siioh as Anioricjin whito 
wood, proporly stained and French polished 
to a superior imitation of mahogany or walnut, 
at a reauction in cost of iff) to -i.") per o(‘nt. 

Fhemists will find 
it to their advantagi* 
to consult a specialist 
in chemists’ sliop 
fittings, whose ex- 
perience in planning 
work for this fiui- 
jKise will ensure th • 
most sat isfactorv re- 
sult for whatov('r 
amount it is decided 
to spend, 

Accessorie5. 

Ib'hind the dispcns 
ing counter it is 
advisable to liavt* a 
lead-lined sink at 
handy distance, and 
a gas-stove, a bunsen 
burner, and a bon- 
/.ontal gas-jet be 
sealing, hig. 2giveH 
a suggestion for ih" 

Is'st arrangement for 
the back fittings to 
a dispt'nsing screen 
It comprises on« 
drawer fitted for shoji 
lalnds, one drawer 
htted for cut papers, 
and a third 
corks ; a desk with 
rack beneath for 
prescription Iswik ; 
shelves for pill 
iiKuhines, mortars, 
etc. ; movable shelves 
(on top at the back 
of the screen) for 
holding bottles, jars, 
etc., filled with solu- 
tions, oint ments. etc, , 
ready for use in 
dispensing ; a wax- 
jet and a gas union 


for the bunsen burner. Ilie £150 can be made 
to include also the outside lamp, window’ blinds, 
floor covering, painting outside and papering 
inside, and the insertion of a mosaic step in the 
doorway. Another £50 w ill have to Ur expended 
on shop bottles and jars for holding stock, 
utensils, and apparatus, such as counter scales 
and weights, dispensing scales and weights, 
rn'iisures. medic im‘ and sikIiv- water baskets, 
cart hen wart‘ pt'stles and mortars, pill machines, 
ointment slabs, evaporat ir.g dishes. sup|>osilorv 
bath and moulds. And the mult ifarious adjuncts 
requisite for the teclmieal opiTations of phar 
macy will cost another £20. Laht'ls and 
stationery, bottles and boxes require £40 more, 
and the same sum is mavlial to seinire a w’orking 
supply of drugs and chemicals. 'I'hcn a modest 
stock of h>/.<*ngt‘s. i»erfumos. coated pills and 
mineral waters miy he put down a-t £21 lOs., 
whih' another £2tl may he spent on soaps, 
sponges, hoiuo'opaf hie medicines, etc , leaving 
£!10 for patent medicim's aiul propriidnry 
m“<!icincs. .and £25 for druggists* sundrii's 



I. INTERIOR OF .MODERN PW.tRMAry, SHOWINfi AD^^PTATION OF VERY 
NARROW SHOP TO DRPn-.SHOP FfTTINOS 
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By the hmt named i» meant feeding-bottles, 
hair and tooth bniHh<*«. dreHsing com^w, ch€?Ht 
potoctors, corn and bunion plasters, 
naths, enemas, food- warmers, bcnipanH, and 
many other surgical nocesnariw. 

Prices. The b^'st pay mg buKinesses a’-e those 
in which a purely dispensing business is done. 
But these are few and far between, and it has 
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been said, uitli some degree of trntli, that not 
two [MTcent, of tin* pharmaeu'S in the eo.iiitry 
are kept ojien on pure pharmacy. Ah it is in the 
disjM'nMing of preH<’riptionH and tlie coiufMmnding 
of the galenk'als for use in dispensing that tin* 
highest art of the pharmacist is exercised, 
it is ofdy just that tliis branch of pharmacy 
should Ik* the most highly n’munerated. There 
is theri'fore a reeogaiscHi sc'ale of pn*seription 
prices whi 'h is m >re or less adherc*d to all over 
the country. For instance, if we take a (i oz. 
mixture as a typical (*xample, the average 
price, irresfHH*tive of ingredients, would be 
from Is. to Is. 4d, according to the lo'alitv in 
which it is dispensed (U course, should it 
happen that an exjx'nsive ingrt'dient. such as a 
synthetic* chemical costing .‘Id. per grain were 
prt'xent in any quantity in the mixture, the 
price would have to be materially increasisl. 
uTie av'orage cost of an average pn'seript ion 
calling for a (i oz. mixturt' would work out, 
calculating price of Inittle, cork, label and cap. 
at prolwbly 4d. or r>d.. so that the rem'ineration 
to the phanuacist for his skill, care, knowlt^ige, 
time, etc., is from 7d. to lid on the transaction. 
This looks a large pndit, but oiu* must not forget 
that the pharmacists’ business is not by any 
means devoted entirely to dispensing 6 oz. 
mixtures. ThtMse are the occiwiional ft^es which 
the course of study, (*ost of examination, and 
his semi-professional position entitle him to 
expect. 

Proprietary Medicine. Such is the bright 
side of the picture. Now for the reverse. As men- 
tioned above, not tw*o per cent, of chemists live 
by pharmacy alone. The adjuncts to the chemist’s 
ti^e provide livelihoods for the other 98 per cent. 
Twenty years ago these adjuncts, such as pro- 
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prietaries (or patent medicines as they are more 
often called), perfumes, toilet articles, and fancy 
goods We a fair profit. But within recent 
years departmental store* have opened drug 
sections w'here proprietaries, perfumes, and the 
more popular household preparations commonly 
obtained from the chemist, are sold as a draw 
at almost cost prices. This principle of cutting 
prices has ext€nd?d enormously within the past 
few years, much to the detriment of the chemists’ 
calling. Many qualified chemists themselves 
staruS the “ cutting ” scheme, and limited 
companies calling themselves “ cash chemists ” 
hav'c sprung into being and make a virtue of 
low prices. To such a pass did the cutting 
of proprietaries in particular com‘* that not so 
many years ago a proprietary mtniicine with a 
face value of Is. IJd. would be sold universally 
at lO^d.. the wholesale cost being 10|d. This 
parlous state of things luis Innui mitigat<‘d 
somewhat, however, by the work done by the 
Proprietary ArtieU‘s Tnwle Assoriation. A 
ehemist in the E ist End of London, Mr. VV. S. 
(ilyn-J(ru*H. propounded an anti-cutting schem*. 
which in efTcet ni'^'ant that manufacturers and 
wholesaler.^ would agree to sell their goods only 
to such r(‘tailers its eonsented to retail them at 
a eertain lixed minimum price, this price being 
Hueh us left a fair profit for handling to the 
n^tailer. 'rinis. the Is. l^d. proprietary would 
n(»t be retailefl under Is., and so on in proj^>ortion 
to the selling rates of the goods. The scheme 
was pfKihqMKihKi at first, but at the present day 
the P.A.'r.A. is a power in the land. Almost 
all th(* proprietary ^ledicines of note are on the 
“ P.A.T.A. protectwi list,” and no\\adays no 
new proprietary is put on the market without 
having the retail pnee protected. 

Side Lines. The cutting of prices and 
the subsequent degeneration in tiie art of the 
pharraieist proper have driven the chemist 
mon* and more into bypaths of commerce. 
To counteract the ruinous handling of un- 
remunerative patent medicines, widely adver- 
tised, and therefore m considerable demand, 
many chemists now put up proprietaiy*^ 
medicines of their own. The smart, up-to-date 
chemist has his (>wn brand of liver pills, neuralgia 
mixture, hltsid purifier, digestive syrup, cough 
balsam, and what not. on which he Inus a g(K>d 
profit and which he has eonlid^nee in recom- 
mending to his customer. The jiersonality of 
the chemist’s hUvsini‘S8 gives him a big pull in 
this particular over other tradesm'^n, and the 
smart man does not fail to take full advantage 
of it. Many chemists, €*specially in busy pro- 
vincial towns and in poorer neigh bourhot>d8, 
lav themselv*es out for counter-prescribing. 
Simple rem'Hlies are supplied for simple ail- 
ments. and in some districts the prescribing 
chemist is a boon to his poorer neighbours, and 
builds up a lucrative business for himself. 

The legitimacy of counter- prescribing has 
often been questioned, especially by the medical 
rofession ; but a chemist, if only for the sake of 
is own reputation, never oversteps the limit 
where the attendance of a doctor, with a more 
intimate medical knowledge, is necessary. 



Photosrmfifeic Materials. One of themo^t 
popular and profitable of pluirm^eeut ioal Hide 
)me« is the sale of photographic niiterials. Tlie 
chemical agents required by those practising the 
‘ black art.” either as professionals or amiteurs. 
are a by no m?ans inconsiderable soiree of 
profit, but in order to make tht* photographu* 
side line a thoroughly flaying one it is nocessa.ry 
that the chemist himself be at least an amiteur 
photographer. In 
most cases the 
phot ographic 
chemist has a 
dark-rcKUu fitted 
up for the con- 
vtniieiK'e of his 
( Lents, but in all 
cast-s. if the 
pliotographie de 
part m e n t is 
touch(*d at all, it 
should be done 
thoroughly. [See 
also PiumwiRA 
riiK’ Dkai.ers in 
this ('ourse J 
Opt i c a I 


Goods. 
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i ought 

only to he 

under- 

(akeii by 

siieh 

lUMi as 

have 
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Vetcri 

nary 

Remedies. In 

agricultural 

1 di.s 

tricts a i 

ctcriii- 


ary knowl(*dge is 
very iiscdul. lliere 
are special veU^r- 
inary prepara* 
t ions. such as 
horse and cattle 
mxlicines. sheep-dips, fioultry hsKis and [Kultry 
medicines, sheep, fug, and dog remedies tliat all 
agricultural chemists m vke it Iheir business to 
stock. To be able t(> advise, and in som? 
instances to prescribe, simple remedies for 
animals is almost a necesHity in such cases. 

Aerated Waters. The minufacture of 
aerated waters is often found in conne(*tio:i 
with chemists’ buKinessi^s, «*s{)ecially in pro- 
vincial towrui. The public, fastidious in 
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some things, often pnder the acratixi waters 
which l>ear a chemist's lalx^l ; so the chemist 
embarking on the business should set* to it that 
his waters are siijierior in (luality. preparation, 
and general “ get-up ” to those in his neighbour 
hood. otherwis(‘ the gam ‘ is not worth the 
caudle. 

Soda-fountains. The (ulv<Mit of tin' 
American soda-fountain has addi*!! yi*t anothei 

to the ch('inists 
sid»' lini's. In 
^ America the soda 

^ fountain is part 

nud parcel of a 
chemist's shop 
lit tings, and the 
more magnificent 
tlu* fountain tlie 
more popular the 
“druggist.” as 
he is known in 
th(‘ Slates. It IN 
o n 1 y w i t h i I) 
recent years that 
the fountain lias 
obtained anything 
lik(' a footing in 
this count ry, hut 
It looks as though 
it w ere sloa ly 
gain I n g fiopii 
larity, and pre 
Kiuivihly it has 
eom'‘ to stay. It 
iH (’(‘rtaiiily a very 

at tract ivc‘ feature 
to any cstahliHli 
iiient. and oner 
the eheimst oi 
tins eouiitry ha. 
got over the (►!> 
jeetioll to being 
looked U{M)n as a 
glorifu‘d “ bar- 
lender.” it ought 
to he matle to 
pay well. Allot her 
ohjcreliori often 
}»ut forward is 
that tln^ Knglish 
eiiriiate is iin- 
siiitafile to the 
unlimited con- 
sumption of tern* 
jHTariee hcveragcH, 
hut our American 
eouMiriH contend 
that the question 
of educating the 
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is not om? of 
British public. 


climate but 


(J(Kxl huKiriess in HcoHonable 
drinks (and then* name is legion) is done all 
the year round in America, and there in no 
reason why the same should not he done in ihi*i 
country. 

We illuHtratc [3] a soda-fountain mode by 
SliUw, Ltd., of lyjndon, and it gives some idea of 
the elegant appearance even a small fountain 
miy have in a well-appointed phaimicy. The 



•HOPKIKPINQ 


cost of thw maf’htnc complete, with charging 
outfit, is (Mi guinean. 

The profits of a soda-fountain, if a fairly 
good trade can be done, are large, for, after the 
initial cost, the material for turning out the 
drinks is inexpenHivc, and a goorl going fountain 
will shou an average proht of anything from 
to 7tH» jM*r cent A useful I o »k to studv' if this 
department 1 m* taken up wnoiiHly, is XVhite’s 
“‘Spatula’ Soda-water (iuid** and Itook of 
Formulas for Stnla- water DisperiHerK,” price one 
dollar. 

Legal Matters. 'J'here are man}' Acts 
of Parliament that the chemint w ill encounter in 
his buKiticHH care(‘r. The i*harmacv .Acts, the 
Sale of Food and l)rug-< A< th, and the .Medicine 
Stanifi Duty .Vets are |M*rhapK the most import- 
ant of thcKc ; but there are otheiH, HUeh a« the 
MerchandiHc .Marks Act. the Itevenue Ki'gula- 
tionH ri'garding alcoholic licpiors, and the l.aws 
relating to trade markH and t(» patentH, with 
which it hehovcH him to he aeijuainted. The 
regiilat ions regartliug the huIc, compounding, or 
diMfsTiHing <»f poiHoriH, and the asHumpt.on and 
UHc of th(' titles “ Phai maeeut icul (‘hcmi«t.“ 
“(’hemist and Drllggi^t.'’ “ChemiKt,” or 
“ DruggiHl,” are dealt with in the Phariu-M V 
AetH of («reat liritain and in the l*harmacy Acts 
of Indatid. 'I'he latter country has an Act of its 
own, and it is adiuiniHli'red by th<‘ l*hariui- 
eimtical Society of Ireland The ipialificat ions 
of the two count ries are not int('rehangi*able - 
that is to say. a licentiate of the Pharm leeut ical 
Society of Ireland is not all(»w(*d to practise in 
(Jreat Britain, and \ice-M'rsji. 

In (JuernHey the pliarm ic} law restricts the 
salt* of most driign to liii'iised chemists, the 
Minor cert ilieate of the Pharmac<*ut ical SociiMy 
of (ireat Britain, or the ^Iku morn n's certiti- 
caie of France being accepted as licence. In 
P.HKl, the D'gislature ot the Isle <►( Man 
eniu'ti'il a Pharmacy Act on thi' liiu'S of the 
Pharmacy Acts of (Jn*at Britain ; but there 
the registiuiHl chemists of this country and 
the highest diplomat es of the Irish society are 
eligible to practise. ,)ersey jH).s.sesscs a 
“ Beglement sur rK.xerci.st’ de la IMiarmacK* et 
la Vente de Poisons." which rcipiires tho e who 
[iriM-tim* there to Im* either a “ pharmaceutical 
chemist.” or a “chemist and druggist” of 
Cimit Britain or of Ireland, a “ pharm icum ” of 
the lirst or stvond c lass of a school of pharmacy 
of the Fniversity of Fraiu'c. 'Phe Sale of Food 
and Drugs .Acts and the increasing string.mcy 
w ith whit'll mcnlical oftic'crs of health and public 
analx'sts are applying it with regard to drug.s, 
make it ntn'essiiry that the mcKlern chemist in 
biisini'ss sliould In* quite certain that his drugs, 
chemicals, and galenicals are up to the rt^quigite 
Btandards of purity and comjKwit ion. 

•• Patent ** Medicines. The Medicine 
Stamp Duty Act deals wnth the stamp duty 
pa^Tible on pniprietary or “patent” medicines, 
aa they are usually, but often errontHrusly, 
called. Briefly, stamps ~ ai'cording to the 
specified value of the medicine — must lie 
affixed to all m*Hiicinal pre^iarat ions for which is 
claimiHl “ any occult secret or art ” in the 
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making, any exclusive right or title to the 
miking or prejiaring, patent rights, or w’hkrh is 
held out or rec'omm?nded to the public (by 
label, handbill, or advertisement) as a nostrum 
or proprietary', or as a specific, or as “ beneficial 
to the prevention, cure, or relief of any dis- 
temper, mdady. ailment, disorder, or complaint, 
incident to or in anywise affecting the human 
Ixxly.” A few' years ago High C’ourt detusions 
altered the m ‘thod of administration, so 
that impair! ant exemptions were restored to 
qiialififMi chemists resjiecting the sale of “ known, 
admitted, and approved ” remedies ; while, on 
the otht*r hand, tlu* sale of ** ailment -named ” 
rem^Mlics — siieh. for instance, as “ Dipsomania 
Tahlets.” “Cough Pills,” etc — which had 
hitherto been exempt, xverc made dutiable 
art icles. 

Colonial Practice. 'Phe practice of 
pharniicy m the British Empire is mtKicllcd on 
tliat of the Moth(*rland to a great extent, and 
in most British colonic.s the British qualification 
is accepted without further examination. The 
dipionui of (Jreat Britain, and also of Ireland, 
holds g<K>d in all the Australasian colonies (except 
New' Soutli Wall's), and in Barbados, British 
(hnana. Natal, Transvaal, Drange River Colony, 
Fiji, (Jihraltar, (iold (oast. Jamaica, Leew'ard 
Islands. Malta. Sierra Ij('one. Straits Settle- 
nc'iils, TniiKhul. and tlu* Windward Isles. 

In soiu* countries —Canada for instance — the 
qualifying examinations of the British and Irish 
soviet les p.M'iu It a man to a"t only as a qualified 
assistant toaclumst in business. Befiire the 
]iriti-«h “Minor" man can o|M*n shop as pro- 

i irietor, he must piss the Canulian Major 
examination. India is the only British po-isess- 
lon of imporlanet* that has no di'finite pliarma -y 
regiilat ions, luit there are indications tiiat 
“ th<* brightest jcwt'l in our crown ” will 
soon com * into line. Suffic' it to wiy that the 
British (hemist with the nomadu' instinct will 
find no great hindrance to the pursuit of his 
professio!! in th<‘ lands Inyo id the He will 

iind in tlu* (^»loni ‘s an oulle' for h s en *rgi *s and 
greater seop.‘ for his eomni'reial developiu'mt. 
The prices he obtains arc higher all round, and 
there is not —except, jH'rliap.s. in some of the 
bigger c’cntres in Australia and in Africa — the 
same strenuous competition that is found at 
home. 

BusineM Books. Tliere are several IsKiks 
that the- chemist will find valuable in his 
busine.sN practice These includ*^ Beasley's 
“ Druggists' (ieneral Rci'eipt Book,” (is. (id. ; 
“ B P. C. Fonii’ilary,” Is. ; Cooley's “Cyclo- 
pasiia of Practical Rtveipts. ’ 428. ; Tompson's 
“ Chemists’ Compendium.” Js. 6i. ; and a series 
issued by the trade paper, “ The Chemist and 
Druggist ” — f't:., MacEwan's “ Pharmaceutical 
Formulas.” Vol. I., lOs., and Vol. II., lOe. ; 
“ Art of Dispensing,’’ fis, ; “ Veterinary 

Counter Practice,” 4s. ; Ince’s “ Elementary 
Dispensing Practice,’’ 3s. (id. ; “ Diseases and 
Remedies,^’ 3s. ; Proctor's “ Manual of Phar- 
maceutical Testing,” 28. 6d. ; and ” Opening a 
Pharmacy,” 28. 

Continued 
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tranBformer han developed from Fartuiay’R 
claAfiical apparatuH. In tact, in Hb elementary 
form, an an iron ring interlinking itnelf with 
two copper wire coiln (the original form con- 
litructed by Faraday), it hae been already 
described and depicted [mk* 87, page 

Referring back 
to 87, the ring, 
with ilH two 
independent in- 
Kulated coils A 
and B, let uh 
coriHider what 
happenn in it 
when the prim- 
ary coil A. 
instead c» f 
receiving an in- 
terrupted bat- 
tery current, 
rfM civesan a'trr- 102. coRK tvi*k transformer 
naiing rurrnit, sanowk hko coii.s 

such as was 

described in the chapter <m the aUirndtnr [page 
1357 j. The alternating current, flow ing nnind 
tlie coil A, will ol»viouKly ereotc in the iron core 
an alt (‘mating magnetic flux. That is. tluTe 
will be set up in tlie iron ring e- magnetic flux, 
the path of which is a closed path w ithin the iron 
of the ring ; r-rid this flux w ill increiise in value to 
a maximum, will then die away, will reverse 
in dins’tion, and grow to r, ncgeJive maximum, 
and will again die away, rejicating this cych* 
of op(*rat ions exactly as often as the curri'iit 
that firoduccK it got's through its round <d opera- 
t ions. If th(* jiriniary current Iuim a freipKUicv 
of 5ft cycles jmt H(‘cond, tin* altiTiiating flux will 
alternate' with the sanu' freipn'ncv. 

Now this alternating flux interlinks itself with 
th(' se<'ondary cinuit H, arui will therefon' 
by its variations induce in the* windings of that 
coil an ehH'trornot ive force proportional to the 
intensity of th(' magnetic charges, and tlicrefore 
also of the same frei|uency as the magnetism. 

We then, that by means of a purelv 
magnrtic mechanism - riz , interlinkage with the 
iniignetic lines of an iron core the alternating 
voltage which is applied to the terminals of 
th(' primary coil A is n'produced automat icallv 
as another alternating voltage at the terminals 
of the Ktrondary coil B ; cjid yet tlien* is 
rifirr any eiertrical amnertinH whatever lM‘twtH*n 
the two windings. 

Automatic Operation of Trans- 
former. The transformer is automatic in 
another sense* also. Even if the sen-ondary 
circuit l>e left ojH*n, so that no current flows 
in it, there w ill be a voltage induced in it by the 
alternating Hux interlinktHl with it. When the 
WH’ondary cod is thus on open circuit, the current 
that hows into the primary’ coil from the alter- 
nating mains will be merely a magnetising 
currt'iit, of small amount, and will be practically 
a wattless current [page 13(Vi],as the amount o*f 
energy lost in magnetising is t riding. What, 
then, will happen if the secondary circuit be 
closed through a resistance ? In that case 
there w ill be a secondary current, and it will give 
1G58 


out power and heat the resistance through which 
it flows. Th is power must come from somew here, 
and the only way from which it can come is 
through the primary circuit by more current 
flowing in from the mains. If this were not so, 
w'c should have — what is impossible — a creation 
of energy out of nothing. So as w’e draw current 
from the sec ondary side, and the more we draw, 
so. automatically, does more and more current 
flow into the primary side from the mains. 

Magnetising f^urrent. As the whole 
op(*ration of the transformer depends on the 
magnetism of the iron core, which, with its 
alternating flux induces the voltage in the 
seeondary, it is clear that even when no current 
IK iH'ing drawTi from the secondary, a current 
must still flow in from the primary mains 
to kcc'p the secondary circuit “ alive.” This 
magnetising (urrent at no-load will, however, 
Im* a relatively small current, liecaiise, as the iron 
core is eonstnicted as a closed circuit without 
gaps, a comparatively few ampere-turns will 
suftiee to create thi* magnetic flux, llius, for 
example, a kilowatt transformer, which, when 
KUpjilicd from mains at l.tKKl volts, took at 
full load a current of 20 3 amperes, was found 
at no-load to tak(‘ the insignificant magnetising 
current of 0 *28 amperes. 

Ratio of Windings. We have 8c*en 
that transfornKTs work with some definite ratio 
lietwcen tin* primary voltage of the supply 
mams and th(* secondary voltage at which they 
give out their current, and that tins ratio was 
called the ratio of transformation. Now*, this 
ratio has nothing to do with the size of the 
transformer, hut de|K‘nds only on the relative 
numlH'rs of turns in the two windings on the 
eor(‘. It IS. in brief, the* sanu* as the ratio of 
the windings If we n*c)Uire a transformer to 
transform d(>wn tlu* voltage from, say, l.tKM) 
\olls on the primary suit' to 5() volts on the 
seeondary side— that is, in the projiortion of 20 
to 1 tht n the numlHT of turns in the primary 
winding must l*e 20 times as great as the numlxT 
of turns in the wcondary w’lndmg. For a 
st<‘p-down transformer the primary will have 
ni((re turns than the secondary. For a step-up 
transformer the .s('(‘ondary will rerpiire more 
turns than the primary. 

W e H<*e this rule even in the case of the induc- 
tion coils used for procuring spark discharges. 
The primary source* is a battery f>f a few volts, 
while to produce a spark in the secondary 
circuit needs the generation of thousands 
of volts. Hence, the primary winding consists 
of one layer only of thick wire, w’bilc the 
st'condary winding consists of a very fine wire 
with hundreds of thousands of turns. 

If a transformer w'cre made with an equal 
numl>er of turns in its two coils, it would 
transform neither up nor dowm : the secondary 
voltage w’ould lie the same as the primary 
voltage, and the ratio of transformation would 
be 1 to 1. 

Tlie rule for transformation ratio may be 
stated in symbols. If 8| be the number of 
spirals or turns in the primary winding, and 
the number of turns in the secondary 




wLadiiigt E| the voltage induced in the primary 
(practically equal to the apphed primary 
voltage of the mains), and £.^ the induced 
secondary voltage, then the proportion that 
exists is simply : 

E.. S.. 

e; s- * 

and as the currents are' inversely proportional 
to the voltages, it follows that the primary and 
secondaiy currents Cj and C.^ will bo connected 
by the rule 

C, „ S, 

r, s,- 

As a inatterof fact the actual primary current 
will, as already indieated, Ik* always slightly 
greater than the value of as laleiilated hy 
this rule, Ix'eause allowance must always he 
made for the existence of the magnetising 
current. 

Magnetising Ampere-turns Needed. 

Attention w’as drawn on page IlOH to theeoneep* 
tion of tile magnetic eireiut, and an examjih' was 
tluVe given of the way of (‘alculating how many 
ampere-turns are nt^'ded to t‘xeit(‘ the required 
magnetism in a given orm' Xow', the eas(‘ of 
transformers is even simpliT. hecause in its 
magnetic eireuil there are no gaps and thi* en»ss- 
seotion of iron in its cure is uniform throughout. 
Expi'rienee shows that it is not w ise (if wast4‘ of 
energy in the iron is to be avoided) to force the 
Hux-density m the cores of transformers beyond 
a moderate value As an average hgure, a Hux- 
density (»f Ho.tMK) magnetic hm‘s js'r s(|uaie inch 
may be assumed. 

Now', taking good sheet iron or mild steel, 
such as IS used in building tlie cores of trans- 
formers, we may say tliat (‘XjMTK iice shows that 
this flux-density will he attained if wt* provide 
an excitation of .‘I am}H‘n* t urn*^ p<‘r inch length 
of core. Suppo.se that the core of our trans- 
former had a mean i<*ngth of (M) inc hes along 
the magnetic jiath, then an <*xcitation of IHO 
ampere-turns WiUild he about right for it. And 
if the primary coil had, for cxaiufilc*, l.TitM) turns, 
then the magnetising current (at no-loaci) 
would l>e 180 0 12 am|M r«*s. \Vc‘ 

have given 11 ump«*re-turns |s‘r inch as an 
average figure. A more* accurate estimate 
can l>e got by the* following rule*. The am|)ere- 
turns ix?r inch that arc needed will be 
1-2 i (B -i- HOfKt), 

where B stands for the number of lines f>c*r 
square inch of Hux-density The 1 h*k 1 kinds of 
transformer iron — for example, the British 
quality known as Sankey's *' Lohys ’ — will re- 
quire even few*er amjKTe-tums jkt inch than this. 

Joints in the Magnetic Circuit. To 
keep down the magnetising curr<*nt to a low' 
value, as is necessary if the transformer is to be 
of high eflBciency, not only must the iron lx; of 
good quality, but all joints and gaps in the 
circuit must be avoided, because more amfK?re- 
tums are needed (as explained on page 1108), 
to drive the magnetic lines across air than to 
drive them through iron. Hence, in the con- 
•traction of transformer cores it is usual to 
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obviate all joints by interleaving the iron 
plates by making them overlap at the comers, 
as sliowTi in 99 

Forma of Tranaformora. The prac- 
tical transformer of to-day differs in many 
respects from the primitive ring of Faraday. 
The core is not solid, and is not ring-shaped. 
If it wore solid it w’ould grow hot by reason of 
parasitic eddy -currents induced in the cross- 
section of the iron, and these currents w'^ould 
w'uste some of the cner^. If it were ring- 
shaped the coils would have to Ix" threaded 
on by liand. and not w'ound on a latlu*. So. 
instead, the cores are built up of strips of shwl 
iron or mild steel about Kl or U mils thick 
(i.f.. from to 0 014 inch). Fig. 100 show's 

a vt‘r\’' usual shajK’ of eon* built up of strips of 
sheet iron which are assi'iuhled so as to ovorla]) 
alternately at their eorners. To insulate the 
strips lightly from one another it is usual to 
paste a thin layer of paper on one side of each 
strip, ’fhe coils an' wound on hohhms or 
fennels ; and it is easy w'lth this construction 
to slip the ('Oils upon the tw'o vertical limbs 
w'hcn the core has Ix'en partially built up. 

-Again, nderenee to Faraday's ring [87, on 
page 040] will show that in this primitive form 
the primary coils .A wert' all wound on one side, 
and the Hceontlarv coils B on the other side 
of the core. But it is found that this arrange 
nu'nt is not satisfaetory if the transfonniu’ is to 
give good voltage regulation, as it U'atls to 
leakage of magnetic lines bi'tw’een the two 
w'indmgs, Jt is neecssary to ket'p the two sets 
ot windings as near together as possible, in 
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(}rcU*r that as far as possible aU the magnetic 
lines generated by tnc coils A may thread 
themHelves througn the* coil B, and vice versa. 
So, therefore, it in usual to put half of the A 
coils on each limb, and half of the H coils on 
each limb. This is done either by arranging 
them con< entrically, as in 101, or else by winding 
them in sections, and then handwiehing the 
sections of the A coils Ijctween tho.se of the 
Ji ('o)lri. as in 102. Fig 108 depicts a complete 
tran.sformer hy Ferranti 

Shell Type. As the essential thing in a 
transformer is that the two coils shall both 
surround a ei rnmon e<ire of iron, there are many 
pOMHihle tyjH's of construction. 'J’lu* rectangular 
form dcHcrihcd ahovc is commonly spoken 

of as the rarr ; hut there i.s another 

frecpient form, known as the ^hdl tyvt' in 
winch a large portion (»f the iron is outside the 
eoji|M'r coils. Figs 104 and 105 belong to tlie 
sliell ty)M‘. 'I’lie laminations iifipropnatc U) 

the former figure are rectangular, with tuo 

[)]K*inngs, us in 108, to admit of the coils, the 

1 a rn mat i o ns 
being flit m- 
s-Ues built up 
of strips or 




cotton tape or even manila papt^r if the coils are 
circular, and the whole is dip{^ in varnish and 
dried as before. 

liefore l>eing placed on the limbs of the trans- 
former, each c oil is separately taped with cotton 
impregnated with bitumen or rubber in ordei 
to insulate the coil as a whole from its neighbour. 
In eases of extra high voltages* this last is 
insufficient, and micanite rings and bushes are 
inserted between the coils, or they are held 
mechanically apart to a distance of, say. one- 
eigiith or three-sixteenths of an inch by ebonite 
or hard fibre distance pieces. The leads which 
bring the primary currents to and from the coils 
sliould be extra iieavilv insulated, and the 
support H for the terminals Khoiild lie very sub- 
stantial. 

Heating of Transformers and other 
Electrical Apparatus. On seeing any 
])iec(‘ of (‘lectrioal apparatus, one is inclint'd 
to r.sk : “How are ve to know the limit to 
its capacity for transforming elc*ctrieal to 
meehr.nieal eniTgy. or el(‘ctrical energy to eh^;- 
trical eruTgy at a ditferent voltage, as the ease 
may he ? ’ Now. in all appan.tus used for con- 
vcTting en<*rgy a certain loss of useful energy 
results. Til is (‘nergy appears in the form of heat, 
and in eh'ctneal apparatus the 
capacity for transformation is 
limited by tlu* maximum tem- 


SlMri.B SIIELI, TYPE 
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105. SKELETON l>LVOR.\M OF 
BERRY TRANSFOR.MER 


106. ARKANOEMENT OF STAMPISOS 
IN SHELL TYi’E FOR OVERLAPPINO 


sheet stampings Mhieh admit t»f tlieir laing 
put together around the coils. A more recent 
form is that of Be rry, depicted in 107, in which 
the coils are cylindrical and eonee'iitne, Mitli 
the cores built up of strips of iron of several 
widths, in bundles, ulTording ventilating 
channels in the interspaces and reijuiring a 
minimum sin tion of iron. 

Insulation of Transformers. Inas- 
much as one side of a transformer is invariably 
at a high voltage, the question of insulating the 
coils must be very carefully attended to. esp.*ei- 
rdly as, in order to get a good voltage rt‘gulation 
the primary mid secondary coils are sand- 
wiched, thus further increasing the proximity 
betwtH>n the two sets of coils. Each maker has 
his own rules in the matter of insulation, but 
the general practice may be stated os follows. 
For coils in which wire is used, the wire is 
doubly and often trebly covcrtHl wdth cotton and 
varnished wdth a good hard drying varnish 
one© or twice after it is wound. For coils wound 
with strips, the strips may be wrapped with 
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perature to w hich we in; v allow the apparatus 
to be raised by this spontani*ous Idieration 
of heat. The loss of energy in elet^trical 
apparatus may be divided und»*r two head;'. — 
namely, that in the eop|H*r conductors which 
carry the electricity and that m the iron core 
which carries the magnetism. The first of these 
losses nuiv he estimated from the rules already 
given in the articles beginning on pages 288 and 
tifilh and the wNond has been commented on in 
the present article. 

The further point, however, for us to notice 
here is that the copper loss is going on only 
when the ajiparatus is lorded, ard that its value 
depends upon the value of the lord, while the 
iron loss is taking place all the time the apparatus 
is at work, whether it is loaded or rot — that is, 
all the while it is “ alive,” and is, therefore, 
indep<mdent of the nature of the load. 

In transformers the proportioning of these 
losses requires great consideration, for we have 
the iron losses going on night and day, because 
the mains must be kept alive, while the copper 
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IciWft only occur for a few hours in the evening flux it has to carry and the nixe of coil bv 
while the load i» on. Thia quest ion will be further the ampere -turns at full load, written C.S, 
considered when we study Systems of Supply. or C«S... * 

Ventilation of Transformers. In order Now.' llie ratio for theae two quontitied— 
to increase the capacity of a pie(‘e 
of apparatus of given size, two 
things are possible— namely, to 
reduce the losses which take 
place and to ventilate it more 
thoroughly, so that the heat is 
carried aw*ay more quickly. W'c 
have seen the provisions math- 
for ventilating dynamos, how the 
armature is built up with Kpac«‘K 
to allow a cii’culal ion of air 
through the inmost parts of the 
machine. With iransformiTs 
this question is of greater im 
portanee. In small sizes, it is 
sufficient to allow the surround 
mg air to cool them if ample 
provision has been made for Un 
fr^' access among thi‘ coils and 
core by suit able Kpacings Fig. 108 
siiow’H a typical section of a 
transformer core and the arrange- 
ments for circulation of tin* air 

between the straight line out lint' 107. BEiiKY*s ruvNsKtiUMi’.ic /Kw’ x 10“ x V 

of the core and the inside of the ^ ~ V 4 4 x / 

circular (‘ore. With larger sizes, how’ever, As an example, lako thi> casit of a 
these arrangements arc not sufticient, and it 100- kw tnnisformiT, oil-cooled, transforming 

becomes nm'ssary to cool the coils artihcially. from r),(KK) to 500 volts at .50 cycUm pi*r 

For this there are two methods at present scound 
in vogue. In both of these the Iraanfornier A suitable valu<‘ of Y, the flux factor, is 
is erected in a closed case, JK), and so. by the equations 

and in the first, dry air, free 
from dust, is blown by fans 
through the apparatus ; while 
m the second method, the 
case is filled with a suitable 
oil which enters into all tiie 
comers and nooks, and by its 
automatic circulation when 
heated by the waste energy, 
conducts the heat to the case 
from the large exp()Ht*d sur- 
face of which it is more 
easily radiated. In very large 
sizes even this is not sufficient , 
and the oil is cixiled by lead- 
ing through it pipes through 
which cold water is made to 
circulate. 108 six tion of ( ohe hhovvino «i/*e to carry the rc- 

Xhe Design of Trans« prov'ision for ventilation sjiccti.'e currents without 
formers. 'Jliero are two ovitIu at ing. 

main features of a transformer which we may Note, Hy an ov«*rsi.rht, the formula at th • 
vary, and thesf arethe core and the coils. We Isittom of Column 1 of nag* I. '1.58 is wrong; tie* 

may ha\ea large core and only a few turns of symlMil S, nif-aning nnmOei of ^piraU, sliould b* 

wire around it, or vice versa. Htru<*k out, and ih • Hyrnbol Z, meaning number of 

Pnvctice in transformer design has, bow - should be sulist itulcd. Then in the 

ever, now settled dowm, and the happy medium next column, in line 2*2 fiorn the Imtiom, after “ S 

which has been evolved betwotm these two will equal 288” insert the words “and Z will 

factors is now well understood. The size equal 57fl.” As a n?sult in the enlculal ion that 

of core may be represented by X, the total follows, E will equal 2210 volts. — 8 P.T. 

CorUinuid 




‘ ^ s- known as the flu a 

pir(i,r[\'), and foi ordinary snial! 
size t ransforincrs (corr /y/s ) co(>1<hI 
by natural draught, the llu.v 
factor IS bctwci'ii (>() and 70. 
For artitimal couling. tlu' factor 
is somcwliat higher, varying be- 
tween t>0 and 120 as I bo voltag>'s 
btH'oiue bigger. 

The only other formula ni'ces- 
sivry is that for tlic chvlro- 
inotive foree which limy b 
written 

K, 4 4 X / X Si X N : 10\ 

for it IS now a matter of simph' 
algebra to deduce the ai’tiu'd 
values of N and as 

follows : 


/ Kw X n)“ 
V 4AV f x\ 
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in changeable weatl^er. Tiie mattef, however, 
may UKuallv l>e d termiiied if the farmer goes in 
ad.ance of his waggons, and jx*rsonalIy exa- 
mines the sheaves by thrusting his hands into 
the centre l)eneath the band. Whether carts or 
waggons are employed is a matter for jirivate 
decision, although it is usually governed by local 
custom. The numl>er of waggons and hands 
employed in carting d'jK'nd iijxin tin* distance 
of the field from the stack. 

Oats. Oats, like wlicat, an* cut A\bcn the 
straw aasumes a ycllo>\ tint. On no account 
must they Ik' left to ripen, for the crop In'comcs 
a prey to birds, and ipiantitics of gram arc^ 
shed Oats arc usually spoiled if they are 
stacked in a damp condition. How far the 
damage has proceeil al is t(>o well r('alis('d when 


l»ecause the straw is shorter and lighter, iMvrley 
is often cut witli the scythe, esjK'eiallv as fewer 
ears ait* lost Barley, tw, ikS a rute, though 
shorter, stands U‘ss crt'ct Indore the reat>er. with 
the result that the ear is often n'movcd by the 
knives, (irasses and clover, lucerne and sain- 
foin. art' often smtn with a barley cn^p ; hence, 
osjH'cially in wet sea.sons, a consuh rabh' (juantity 
of grt'en material, or it may l>c of wei tls, is 
prt'st'nt. for Avhich ri'ason tying ln'coim's lu'xt 
to impossible. A high jinccd malting saiiiplr 
must Im‘ well colounxl. and tins is largi'ly pre 
v«*nted by tying, while tin* risk involved ir. 
stacking sheav(‘s largely ciunpost'd of juirtiallv 
dried grass may In' considerable, for. if bcatiul 
in the nek. barley bccom<*s useless to the 
maltster. 
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the grain fr<mi a crop wliK’h was <-arried damp 
IS employed for seed Ifampness is followed by 
moil’d, a musty smell, and an unnatural colour. 
As oats are mon* liable to damage than wheat, 
they are usually kept longer in the field 

Barley. Barley, contrary Ut w heat and oats, 
should be practically dead rifK*. with the ear 
hanging as though tlie straw had lK*en fra<’tured 
at its base, and the grain hard and wTinkled. 
It is usual to allow a barley crop, w'hen cut, to 
lie looBc on the ground, for in this way it can fs* 
carted earlier, while it is sometimes improved 
in quality if there is sun by day and dew' at 
night. The process of turning the crop w'hile 
in the swathe is in such a case followed by a 
more uniform colour and general mellowness. 
For the reason that tying is se ldom ess<*ntial, and 


Where a barley crof> is clean and dry. and flic 
wcatluT ail that* can lx*, desired, tin; bind r is 
Hometinies jKTmisHible, but the chief advantages 
are ex|x-di(ion in lartmg and threshing. It is 
most cHs<‘ntial to stmk barley in an absolutely 
dry condition, leaving nothing to chance, and 
covering the rick witli that<h at the very first 
opixjrtunity. A small fXTcentagf; of wet sheaves 
will always spoil a malting samfde, hmee, from 
first to last, damp sheaves should Ixj ex(;lutled. 
In st)me f>arth of thi^se islands where the rainfall 
is heavy, it is ciistomaiy to build a series of very 
small ricks rather than a few large ones, for the 
reason that damage by heating and mould is 
minimised. 

Beans. Ik'ans aie cut with the reaper, 
the scythe, or the hook, or under certain 
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diRadvantagef)UH conditionB they are pulled by 
hand. The tx^an crop ift ready for harvcHting 
when the leaf drop*, although the corn is still 
soft. Owing to the stouter character of the 
haulm, or straw, beans are often cut in damp 
weather, tied, stooked, and left in the field until 
(juitf* fit for carting. When well dried, how- 


for settlement, especially before the rick is 
thatched. 

Corn ricks are usually round, with the bottom 
or butt ends of the sheaves at the outside, so 
that the corn, being within, cannot be stolen by 
birds. In building, the diameter of a rick 
increases from the bottom to the eaves, and 
diminishes from the 
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eaves to the point at 
the top, this portion 
of the roof being 
covered with extra 
thatch. Some 
farmers pare the 
outsides of the rick 
from the caves 
downwards, not only 
with the object of 
making it look more 
tidy and present- 
able, but of giving 
it compactness and 
affording protection. 
The body of the 
rick, like the roof, 
should bo even on 
all sides. The roof, 
in particular, must 
bo well finished off 


ever, the crop bernmes brittle, and unless great 
care is exercised a proportion of the corn will 
Ik) slied and lost Jh'ans reijUin' plenty of 
weathering staeking, altlumgh, if sufli- 

• ieiitly dry, they may be suc’cesHfuIly <’arricd 
during damp weather, such as that which 
would Im‘ unsuitable for eere/il crops .\s iK'aii 
straw IS a \ aluabl<‘ fodder, how('\er, it is wise 
to make every effort t(» prevent th(» slightest 
damage*. 

Peas. I’eas are uMially cut ^\ith a hook ur 
sie kh*. and laid m heaps, ^^hl(’h are turned two 
or thr<*e tinu’s, as may 1 h^ found m’eessary. 
e’H|»ecially if the* weather is dam)) The )K'a eroj) 
should never remain to ri|K*n Is'fore harvesting ; 
the penis iH'eome* brittle anel are liable to e»|H*n, 
and when the |)ulse is hard, to sheel it. iVeiS 
must \h\ ejuite dry U’fore carrying, oth<*rwise 
they h(*ut anel Is'come* moulely. whe n the* very 
vahiatile haulm, or straw, is diminished in valuer 
as a food for slewk. Whe'ii the js'a eroj) lM)th 
|>oels and straw assumes a yelloaish colour, it 
IS reaely for the sickle*. 

Building the RicK. In the huilding e»f corn 
ricks, it is most e^ssential tlial the e’orn should Ini 
protected against vi'rmiii. For this n*Hsem, 
staddles from two to thnn^ fc'ct i>ff the ground 
are of great value. cs)weially as the'v |H»rmit the 
free circulatiem of air la'neath. Where these are 
oot emploN’t'd, Uie riek Iwittom should ho made 
by the aid of faggots, and plenty of them. 
Where the corn is in sheaves, tlm centre of the 
lick should W ke^pt the highe*st. and the sheaves 
laid sloping, w’iAi the ear ends upwards and 
towards the middle. The ohji'ot is that, if rain 
enters the rick, it will be shot off tow'ards the 
outside, leaving the grain as little damaged as 
))Ossible. Allowance must in oU casc« bo made 


before thatching, 
othi'rwuse. with settlement, hollow places w'ill 
form, which may admit rain and result in 
damage Ricks are u.sually thatched by tlio 
s(juaro of 1(M) ft., at a cost of from Is. to 
Is. ‘kl. )K‘r s(juare, the farmer finding the straw, 
the stakes, and thi* >^h(“re thatching twine 

is ('m))loye(l. 

Threshing. TJire.shing is more frequently 
a wintf'F o|M*ration. and where a threshing 
nwM'hine does not form |)art of the equipment of 
a farm, it is usual to hire it, )>ayment being made 
either by the hour or day, the bushel or the sack 
of corn threshed ('ustom, however, usually 
rules this condition. The threshing machine 
owner ))rovidcs tin* driv(*r of the engine, and 
UNually one or two men ; but in practice a gang 
of men, whose w‘rviees are more or less necessary, 
in addition to the ordinary lalamr of the farm, 
usually follow the miM'hine. These men are paid 
bv time, and, disagreeable as the custom is, 
su|>))lied with U'cr. The hands required to con- 
du('t the o)»eration f>f threshing, in addition to 
the driver and fee<ler. are for carting water for 
the engine, removing the chaff and cavings (a 
<’oarHe by pnalueo Iwtween the chaff and the 
straw), cutting the sheaf -string, bap^ing and 
<‘arting the corn. Others will be needed on the 
corn rick and the straw stack, and for attending 
to the elevator by which the straw is raised, 3 
such is iise<l. 

Refore the engine arrives, coal must be ptir- 
chafw^d and dejiosiUHl in a handy spot. W^en 
it has lH*<*n removed, the refuse, and especially 
the weed-seeds which have been rejected by the 
machine, should lie burned. In some cases the 
cavings and chaff are left for salvage until a more 
convoniont day, with the result that both are 
often spoiled and even destroyed by rain. This 





involve® great waste and loss, for both are useful 
as food, and no pains should be spared to secure 
them while sweet and dry. The corn, which is 
usually carted to a secure and dry j^anar3^ may 
have to remain for some time until it is sold. In 
such a case it is usually essential to turn it with a 
shovel from time to time, to keep it dry and 
swt'et. 

MarKet Samples. Before sampling for 
market, and especially, too, before delivery, tho 
corn should l)e dressed by the winnowing 
machine, which removes all foreign material and 
any chaff still remaining, together with tho 
imperfect and broken grains, which are likely to 
spoil the sample. Two or thn*e dressings, in 
spite of the time involved, may lie essential in 
order to obtain a lirst-rate market sample. 

Before offering a parcel of gram to a purt'hoser, 
it is w’cll to eandully HU a bushel measure, strike 
it clean, and weigh it, in order that tho buyer 
may be informed os to its natural wright. A 
market sample should he as perfect as possible. 

honest, and taken from hulk, for the corn 
deliven'd will have to correspond with it. 
Sample's may l>o off.'n d t(^ resjKmsihh^ corn- 
dt'alers or millers, or to merehanis in general tm 
th(‘ Exchange. As it will Ik* necessary to name 
a price when an off.T is made, the opinions and 
PX)K)rience^ of other grow'crs may Ik' obtained, 
and esjK^cialiy those who have already effech'd 
sales. When a fair price is offered by a respon- 
sible buyer, it is w'ell to sell in times liko tho 
pre'sent, for delay, instead of bringing Ijctter 
prices, is more often accompanied by a fall. 
The retention of corn, whether in the rick or 
the granary, involves additional labour and 
loss by vermin or birds, or 
both. 

Potatoes. Potabs's, still 
harvested on a small seah’ 
by digging with the fork, are 
usually lifted with a potato 
plough or a modem harvester, 
one or two patterns of which 
both sort and bag the tubers 
at one ojieration. The earlier 
potatoes arc* harv'ested when 
sufficiently large, and when 
gocKi prices are commandfKl, 
hut the mam crop must not 
he Iift<*d until the skin is ri[v 
and adheres to the pit^to 
without i^eeling when ruhlaKl 
Potatoes, when dug, are 
usually left on the ground to 
dry and mellow before bagging. 

Pare must fie exercised in 
sorting the ware (marketable) 
and the chats (the small), 
any unmarketable potatoes 
being kept apart, while those 
which are diseased must be entirely excluded. 

Potatoes are preserved by clamping in a 
manner similar to that adopted wi^ mangels 
and swedes. The bed should be dry and 
trenched around the outside, the potatoes 
packed and piled upon clean, sweet straw, 
heavily covert wit^ the same material, and 
2 b ^ 
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subsequently with at least six inches of dry 
soil. 

WTiere disease is susjx'ototl, or is actually 
existing, care must lie taken to remove tainb^ 
tubers. Some growers sprinkle the sound tubers 
in such a case with lime, to prt'vent further 
extension of tho disease, hut the practice had 
better bo adopted on a small scale as an expi'ri- 
nient, until it is ascertaintnl whether it proves 
HiKH^essful. Tho potato clniiip should Ihi well 
ventilated and examined two or tlircMi times at 
least during the winter, if the (Top is k«q>t so 
long, so that in case troubk' is disco vertxl a sale 
may at once Ih' efTtTted. 

Mangels. Mangels are harvested lieforc 
the arrival of frost, which they cannot withstand. 
They are pulled, and the to|>s twisted off by 
hand, cutting lieing object ionahle. 'Pho bulbs 
are left in rows or heaps on the ground to dry, 
and, whert* frost is liabh* to follow', eovereil with 
the leaves until they an* earttMl. The leaves an* 
subseqiumtly left on the ground and ploughed 
into the soil, in which they a»’l as manure. 
Mangels an* prt'serv<'d in h(*aps or clamjis, and 
}irote<'l(*d by the aid of straw' and soil, as we have 
sugg(»sted in the (‘asr! of potatoes. 

When are lifUni, tiu* tops should lie 

('ut off, but not the roots, common as the plan is 
Although m the mildi'r districts they are fn** 
quently left m the ti(*ld, and consumed by sheep 
in early sjiring, HW(*(les are always liable to be 
destroyed by heavy frosts. 'Hiey may Ik* nulled 
and laid in rows, ami covered with a little soil 
by th(* })!ougb, or laid in small bi'aps in the tield, 
and coveml with soil with the sjiadc, or, lastly, 
tb(*y may Is* earth'd, like mangels, ami clamjKxi. 


Otidcrve the trim form of the wirii sUclu 

Clampa should always Vie made in welbselectod 
poaitions, where frost and rain will lie least felt. 
The root® should be? well matured and well pro- 
tected with straw and soil, but it U important that 
they should be weathered in tho field before cart- 
ing, this plan hardening or toughening the skins. 
Diseased roots should bo invariably rejected. 
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A clamj) in triangular in form ; its width at the 
bai*e should not exceed 7 ft., and the bulbs should 
be piled to a height not exceeding 4 ft. to 5 ft. 
Occasional openings should be left in the ridge 
for ventilation, these being filled with straw. In 
some districts, however, mangels are presented 
in heaps of very considerable sixe near the cattle 
houses, without regard to width or height ; but 
no plan is more succesHful than that which has 
been dcscrilied. 

CnrrvU are preservcHl in the same M-ay «h 
hwchIcs, while PnrfmiftM, which arc hardier, may 
b(* left in the ground until n'quirtyl, although it 
is wiser to dig and clamp them in order that the 
ground may Ik* ploughed for a futun* <Top. 

Harvest Labourers. Harvesting in 
general demands extra lalsiur on the farm. 
l.<arge numlx^rs of excellent Irish workmen 
annually leave their homes for England and 
Si’Otland to asMist m the work, and, like the 
regularly employiKl m<*n, obtain a higher rate of 
j»ay, which is neemsarily demandtHl at such a 
iierifKi. Haymcmt is made f(»r harvt*Hting either 
oy the month, the w<M*k. or the day. The last 
is applicable only to tem|M>rary hands. Some- 
times, however, tin* m<‘n art* paid by the job, 
Kls. to 12s. [K*r acre not bt*ing unconinum. The 
terms {iNk(*<J are somt‘timt*H regulat4*<l by custom, 
the same price being paid from year to year, at 
other times by ('oni|M‘tition. The farmt'r is 
guidtd by the terms preval(*nt among his neigh- 
bours ; the mt*n by those which have lK*en made 
by th<* lalsiurt^rs on adjoining farms. Liberal 
paymt*nt usually secures reliablt* men and gotnl 
work ; but no stipulation should Is* madt* for the 
provision (»f unlimited iM*<*r, which frt'tpiently 
cauw'H oiitbrtmks of temjH'r. tpiarrels, and dis- 
jnit(»s, not only lH*twt*<m master and men, but 
lK»twfH'n the men th(*mselvt*s. It is dtaibly 
economical to pnivide harvest m(*n with coffin*, 
tea, cocoa. liU*ral supjilies of milk, or a drink 
matie by the aid of oatmeal, sugar, and lemon- 
juicc, if they an* agn'cable to accept it, rather 
than to supply Iwr as jmrt of the money bargain. 

INSECT PESTS 

Scientifically sp<*aking, an insect is a memU'r 
of the great class Insei'ta. Inw'cts, as a rule, 
undergo a distinct or seru*H of 

changes. lH*tw<H*n tiu* egg stage and maturity. 
The egg produces a caterpillar. f(»r instance, 
which iH'comes a chrysalis, and this changes 
into a butterHy or moth, for our pn*sent 
purpose, howevt*!*, it will l>o UH4*ful to di^crihc 
some creatures ^hieh are not, correctly 
speaking, insects — r.j/., the stem-oelwomi. 

General Principles for Dealing with 
Insect Peeta. In attacking inset't pests it 
may be observed that some insects are most 
easily dealt with at a particular stage of their 
life tistory, as the larva, pupa, imago (mature 
instH^t), or egg; while at a special stage, also, 
they are most hurtful to crops. For example, 
neither butU*rf]ii^ nor moths are harmful in 
themselves, but they lay e^, and it is in- 
variably the caterpillars which do the damage. 
In the case of beetles, both the mature 
inscK'ts and the larvn may be harmful, 
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while greenflies attack their host -plants all 
through life. 

Some insects, again, such as caterpillars, 
chafer larvae, have biting mouths, ana may 
therefore be directly destroyed by dressing their 
host-plant with poison which is consumed with 
the food of the lar>’aE». Others — p.g., greenflies — 
have a piercing and sucking mouth, and cannot 
lie poisoned in this way. The former devour 
their host -plant bodily ; the latter stick up the 
juices after piercing thi* plant lissue. (’reatures 
like gr(*en flics are best dealt with by employing 
such mat<*rials as soft-soap and paraffin, which, 
used in the form of an “emulsion’' sprayed 
over the jK'sts, may lx* said to glue them 
together, stopping up their breathing pores, 
and so destroying them. All insect pests 
should lx* attacked at the weakest stage of 
their life history. 

An Effective Weapon. Apart from these 
remedies, the farmer has an efT(‘ctive weapon at 
hand if he dfM‘s but know it and use it aright. We 
ref(‘r to g(MKi rnUif'otion, which is said by Som^-. 
ville to Ik* the “ lx*Kt jirotection that the farmer or 
gardener can otTc*r his crops against the ravages 
of inwets." Wherever crops are allowed to 
lx*eome weak, are insufficiently nourished, 
or fend with w('(*dK. th(*re insect jx*sts arc mon* 
likely to abound, and tb(*ir attacks to become 
mon* serious. Many insects attack plants of 
a s}X‘eial order— the turnip tlea-lx*etle. 
which lives on plants of the order ('rurijvra . 
If Ihenfore, such weeds as eliarkM*k {Sinapis 
arvetutis), .lack -by -the- hedge, or garlic-mustard 
{SiMt/nilirium nlUaria) are plentiful, the flea- 
IxM'tle is encouraged, (kxxl cultivation, in- 
cluding tillage of all kinds, the use of artificial 
manuns to enabk* erojis to grow' rapidly away 
from attack in cas<'s wh(*r(* the young plants an* 
infest4*d, seasonable sowing of good seed ui the 
right situation— all th(*se will assist in avoiding 
extensive infestation lx*tter than any n*medial 
measures in suppressing the enemy when once 
it has obtained a firm footing. Hodges and 
ditches should everyw'here be k€*pt clean, and 
free from weeds. Gor)d cultivation in aiUitmn 
is es}x*cially useful, as many hiU^rnating inst*ets 
are then turned up, and devoured by birds, or 
killed by frost. Insectivorous birds should Ik* 
cncouragt'd. 

The Wireworm. This creature, which 
every farmer recognises as a dreadeti |K*st, is 
the larva of the “click.’’ or “ skip-jack ” beetle, 
of which there arc several spei'ies. notably 
Agritites lineaiu^ jlj. The wirewonn attacks 
nearly every kind of root, and may lx* found 
almost embt'dded in potato tubers, in carrots, 
and in the roots and stems of other plants, 
particularly cereals which are just beneath the 
surface of the ground. Whole fields of com 
are frequently destroyed by the pest, especially 
after pasture and clover leys have been broken 
up. Wireworms [1] are slender but “wiry” 
grubfi, of perhaps the thickness of a knitting- 
needle. They are upw^ards of an inch long, 
yellowish -brown in colour, with six legs near 
the head end, and strong jaws, with which 
they destroy and devour their host-plants. 
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Rolling corn cropn (with & ring roller), tl e 
use of stimulating manures if the crop is 
attacked, trapping the wireworms with pieces 
of l>eetroot (failing this, potatoes), have all 
iKsen BUggosU^d as remedies, and are all un- 
doubtedly useful. Drilling aoid forms of 
manures, such as superphosphate, with the 
crop 18 also lielieved to l>e useful, as it 
prevents the posts working in the rows. All 
weeds should (je suppressed. 

Turnip Flem-beetlea, or “ Fly/* These 
tiny Ix^etles {Phylhtrela nemorum), about 
one-tenth of an inch in length, are among 
the farmer's worst enemies. Tne mature 
be<*tles devour the tender first leavt's of turnips, 
radislu^, mustard, cabbages, and allied plants, 
giving them the appearance of having IxM^n 
riddled with small snot ; the larva* mine the 
leaves (2] and feed on the soft tissues. 
Whole districts are tMimetimes almost cleared of 
turni)) crops, and three successive sowings have 
Is'tin alike ruin<*d Toe l)eeth*s [2] are bla<*kish 
in colour, and have a broad, yellow stripe do^^m 
ea<th wing-case, showing, when at rest, two 
stripes down the back. For prevention and 
n*medy: (hK)d cultivation is essential, with no 
clods under which the iKH'tles can shelter; 
hastening on growth by means of artificial 
fertilisers; suppressing cruciferous weeds; 
spraying the crop with paraffin by distributing 
it in the form of a very fine mist (using a 
“spraying machine”) to make the plants dis- 
tasteful U) the beetles. As fre^h generations 
are rapidly produced, immediate action should 
bc^ taken in cam* of attack. 

Diamond-bacK Moth. In 1837, 1851, 
1883, and 1888 this moth {PltUella fnaruli- 
jM^nnis) was very injurious to the turnip crops, 
while in 1891 tmirc was so serious an infestation 
in the Kostern ('ounties, from Kent to Alierdecn- 
shire, that the Board of Agriculture made an 
inquiry into the circumstances and extent of 
the attack. During 1994. also, the pest w’os 
prevalent. It is not the moths, but the hordes 
of caterpillars (8] which directly do the damage, 
these latter congregating on the plants and 
devouring every particle of the soft tissues of 
the leaves. The moth is two-thirds of an inch 
in expanse of H^ng, and when at rest certain 
marks on the wing -margins assume a diamond- 
Hha|H*d form along the back (Sj. It is 
Udieved that the best rtuutxiy in case of attack 
IS to dress the infested plants thoroughly with 
a mixture of one part of lime to three pans 
of soot. Forcing manures to help the plants 
are useful. The caterpillars may bt^ brushed 
off. and many destroyed, by means of boughs 
lied to a horse-hoe. 

The CocKchafer {MelolofUha vulyaris). 
This is a lieetle which does much harm to crops 
w’hen in the larval stage ; it also docs consider- 
able damage in the mature state. This pest 
is more fully dealt with under Fobestrv. 

Daddy Long lags. This well knoam and 
curious insect [ 4 ], termed also the crane dy. 
occurs in two common species ( Tipuia and 

T, ptdudasa). It is harmless in its mature form, 
but in the grub stage it is exceedingly hurtful. 
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The [4] are about I in. in length, brownish 
in colour, and bear powerful biting jaws. They 
have no legs, but move freely, and have a much- 
wrinkled, leathery skin. To grass they arc 
exceptionally harmful, sometimes destroying 
large tracts, but they attack all classes of farm 
crops indiscriminately, devouring the roots. 
Ihrevention and remedy : Good cultivation, 
clean ditches and hedges, early and thorough 
ploughing of grass and clover, dressing with 
artificial manures to hurry crops on, thorough 
harrowing and rolling of spring com in April 
or May, and hoeing of root crops. Birds help 
considerably by devouring both grubs and flies. 

The Corn, or Granary, Weevil. 
This pest {Calandra granaria) is frequently 
very destructive to stor^ grain. The grubs are 
exceptional, in that they have no legs. Eggs are 
defiosited singly in holes bored in cereal grain, 
on which the resulting grubs feed, afterwards 
pupating and maturing in situ. The mature 
weevil 16] is about one-seventh of an inch in 
length. Mctkinnell recommends “ freqi^nt 
turning of the grain ; clean, whitewashed 
granary ; winnowing out and destroying the 
light, affected grains ” ; while Somerville 
}K)intB out that “ a sheep's skin laid on a heap 
of infested grain will attract many beetles, 
which may then be shaken into water.” 

The Stem «eel worm {Tylenchus devas- 
iatrix). Eel worms of one species or another 
attack a great variety of cultivated plants, 
among these being wheat, oats, beet, potatoes, 
clover, lucerne, and hops, as well as market 
garden crops. “ Tulip-root “ in wheat and oats is 
caused by T, dexxistatrix [6], while the same species 
also gives rise to one of the conditions termed 
“ sickness ” in clovers. On the Continent, 
especially in Germany, considerable loss is 
due to this iiest. As the name implies, the 
creatures are eel -like in appearance, while they 
are microscx)pically small, according to Ritzema 
Bos being usually lietween one-fifteenth and 
one- thirtieth of an inch in length. As both eggs 
and young worms retain their vitality for a 
considerable period, even when in a perfectly dry 
condition, the jiest may be easily spread. To 
render an attack less likely, different crops 
should lie as widely separated in the rotation as 
possible ; thorough cultivation, with deep plough- 
ing, should be practised ; and Ritzema Bos 
recommends “ aoundant manuring, especially 
with sulphates of potash, ammonia, and iron.^’ 

FUNGOUS PESTS 

Fungi [see page 166] may be described as sapro- 
phytic, or parasitic forms of plant life which c*on- 
tain no chlorophyll, or green colouring matter. 
An example of a saprophytic fungus, or one 
which lives on dead or decaying organic matter, 
is the common mushroom ; on the other hand, 
the chief fungous diseases of crops are parasitic, 
passing their lives on living plants. 

Like insect pests, injurious fungi — for not all 
funm are injurious — should be attacked at the 
wei^est point in their life cycle. Many pass their 
first stages on weeds, afte^ards infesting culti- 
vated crops ; all weeds, therefore, should be 
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suppressed. Most plants, both in the case of 
insect and fungoid infestation, are most liable to 
attack when weak and backward, but healthy, 
strong plants resist attack. With fungi, then, it 
will found that “ good farming is almost 
as effective in preventing infestation as in the 
case of insects, and manuring will much aid the 
cnms in their struggles towards maturity. 

Rust of Wheat. The black rust of 
wheat {Pttccinia graminis) is widely distributed, 
and although found on other centals, is chiefly 
harmful to wheat. Its life history is somewhat 
involved, the earliest form occurring in spring on 
The Imrlx'rry [226, page I37.‘ll, from which mature 
sjKjres, or si^s. called irciduispores, pass to wheat 
and grass plants, where they germinate and 
produce groujis of fresh sjKires {nredosfxirvM), 
which are of a rusty hue. and occur in streaks j?) 
on the wheat plants. Towards autumn yet other 
8})ores are produced, and the streaky hlotehes. or 
pustule.s, l)ecoine almost black in colour, tins 
living the rnildeir form of the disease, new spores 
carrying the fungus over the w inter. 
The damage eonsisls in the fact that the whtuit 
plants are robbed of their nutriment, groat loss 
in quality and quantity of the grain resulting 
The early rust sjiores {urvd<hsp(treA) alone are 
sufficient to perpetuah* the disease. All grassi's 
along hedges and ditches should he kept down, 
only jierfectly clean hcihI should Im.> us<m 1. and 
mildewed straw should he burned. l>raining 
and liming are sometimes ustdiil. 

Smut and Bunt. Thu first of these 
fungous disc'ases (Smut, Ustilago) attacks all 
kinds of cereals [8]. tlio grain being the part 
affected. I'he dusty black spores are quite 
conspicuous on the ears, and are easily shaken 
off. Infection occurs at the time of sowing, 
the 8|>ores, of which some 4,(KK> are required 
to measure an inch, being invisible on the 
seed grain. The loss in the jiast duo to 
uHtilago has been very great. The second 
fungus (Bunt, Tilleiid) differs from ustilago, in 
that the sixires remain hidden in the grain, 
practically every grain in the ear IxMng diseased, 
it 18, therefore, not easily detevUnl. When the 
grain is rubbed the spores escajie, and emit a 
disagreeable odour. Wheat is chieily attacked [9]. 

For both smut and hunt the chief preventive 
measure consists in treating the s(‘e<ls liefore 
sowing. Wheat may l»e “steeped ” in a half per 
cent, solution (.J Ih. in 10 gals, of water) of cojijkt 
sulphate (hluestone) for about 12 hours ; or 
dipjKxi into hot water at a tem{K*rature of 
F. for five minutes. For barley and 
oats the hot- water system should be employed, 
or the grain may he soaked in a solution of 
formalin (1 pint of 40 jier cent, formalin in 
36 gals, of water) for 10 minutes. 

Ergot of Rye Tnis disease {('UivicejM pur- 
purea) not only causes great loss on account of 
its effect on rye, hut it also occurs on wild 
grasses, and, under certain conditions, is said to 
be the occasional cause of simple abortion in 
cattle. It also infests o<her cereals. It attacks 
the bloom, the grain bf‘ing replaced by a hard, 
somewhat curved, horn- like mass, known as 
eigot [lOJ. From this peculiarity the disease is 


easily recognisable. To prevent future attack, 
all the spur-hke processes (ergot — Fr, for “cock* 
spur ’ ) should he gathered ami burned, together 
with those ohtaiiuxi in cleaning the grain. 

Finger-and-toe in Turnipa. Tlii« wide- 
spread diseast*. which has l>ei»n the cause of 
immense loss, is extn'iuely infectious, and 
attacks turnips, swedes. cahUiges. and similar 
plants [11]. Its siicntitic nanieis 
bransiar, while it is also commonly termed Anbury 
and Club-Root. Th(' fungus causing the malfor- 
mations and decay of tin* roots (“ Fingers-and- 
toes ” iH'ing an appropriate name) may remain 
dormant in the soil for a considerable jktukI, ami 
is readily spread by mechanical means. All 
W'tH'ds of the same tvq>e or order as turnips — e.g., 
charlock and garlic-mustard — Khould Ih' rigor* 
ously supprt*ss(Hi, and all alTecttnl plants burned. 
A 8t‘cond turnip or similar crop hIiouUI not he 
takt*n for some time on infeclwi land-— once 
only in eight years if jiossihle. Phosphates, 
manures containing acnls, and sulfihates are 
Slid to favour the disc vstv Tne chief agent by 
which lhc‘ disease is comiailtHl is burnt lime in 
moilerately largts (piantities, and it is found 
that finger-and-toe is by no means so prevalent 
wli(‘re soil contains a high tienamtage of lime. 

Potato Diaoate. Although there are 
several other fungous jK'sta which infest the 
potato, none are of such vast economical im- 
portance as potato disease {Phgtuphifutra tv- 
IvMtanM). It was well remarked by ProfcBsor 
Marshall Ward, in writing of this (lisease, that 
“ since the malady in qucHtion haH at various 
times attaimnl such virulence that largo areas of 
pajiulation have h(‘(‘n Horiously affoctod by the 
effects of its ravages, we hav(‘ weighty reasons 
for r<*garding it as the iKitato diseast^.” It is not 
HO prevalent as fornu^rly, largely ow ing to the war 
wagini against it during the jiast two decades. 
The leaves and haulm blacken, and if the 
attack is severe the haulm also becomes detrayiKl 
very quickly, while there is also prostmt a very 
disagreeable smell. 1 ’uIxth, when lifttxi, may he 
in afi stages of decay. To combat the disease, 
the haulm may l>e turmnl dowm and buried by 
high moulding ; all diseasiod haulm should lie 
burned when the erop is raiw^d ; none hut 
jx^rfeclly (‘lean tuixirs should In; uw^d for “ HtH*d 
frequent change of scihI should lx? resorted to ; 
and the growing crop may he early sjirayed with 
Bordeaux mixture -that is, a two fH'r cent, solu- 
tion of sulphate of ropfM*r (hlutwton?) con* 
taming one jKir cent, of fn'sh quicklime (2 lb. 
hluestone, I lb. quicklime, 10 gals, water). 

for other farm pe^ts the student may refer 
to the following works ; 

“ Manual of Injurious Inwx’iH,” E. A. Orme- 
rcxl ; “ Farm and Garden Insects,” W. Komer- 
viile ; “ Agricultural Zoology,” Riizema Bos 
(Translation by J. R. Ainsworth Davis); “Agri- 
cultural Z(X)logy,“ F. V. Theobald ; “ Diseases 
of Plants,” H. A^rsball Ward ; “ Text-book of 
Plant Diseases,'* G. Massoe ; various leaflets 
issued by the Board of Agriculture and Fisheries. 
The student should also study pages 1372 and 
1373 in the Natural History aeotion. 

Continued 
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Group 16 

HISTORY THE FALL OF JULIUS C^SAR 

12 Cesar as Reformer. Brutus and Cassius. Death of Cesar. The 

conUfttMd fniat Popularity of Octaviua The Story of Antony and Cleopatra 


By JUSTIN McCarthy 


^ifiSAR’S rule as a reformer w an not cie«tine<l 
^ to last long. Every earni^st reformer !ia« 
to encounter enemies who regard his projects 
as revolutionary and dangerous to the com* 
munity, even when they are not inspired by 
a personal hatred of the man whose policy 
threatens their position and |K)wer. It was 
('tesar's misfortune to make enemif's thus among 
some high-minded and unseliish men» who 
sincerely lx*lieved that his fKilicy was the sub- 
version of the Republic. These* were the roost 
dangerous enemies whom Caesar hod to encounter. 
The Hclf-se<*kerH, the men who were concerned 
only U> maintain their own rank, their own 
privileges, and their own extorU‘d shares of the 
public funds, might have Ixwn kept in order by 
the overwhelming force of public opinion and 
the Htr(‘ngth of the majority. But among the 
sincere ana patriotic Republicans of Rome there 
were many men of high character who had 
iKX'oroe fanatical in their deU^station of any 
efforts to set up an inificrial rule, and w'ith whom 
the devotion to their own political principles had 
Iwcomc a fKwitivc su|M*rstition, Such men havi* 
ap}K>ared and re-ap|K*ared in history during all 
revolutionary times ; men w’ith whom the a< t 
of tyranniiude has bt^on contcmplaU^d os a 
religious duty. 

Brutua and Caaaiua. Some such men 
were now' a<‘tive in the public life of Rome. 
One of these w’as Marcus Junius Brutus. He 
W'OH the nephew of (’ato, and had been trained 
up to a life of culturt^ and high principles. 
During the civil war he had taken the side of 
Pomjit'y, but after the battle of Pharsalia. C’a*sar, 
whose captive he had iHH’ome, treated him not 
only w'ith mercy, but with generosity. He saw 
that tlie young man had in him high caimcity 
and many noble (qualities, and gave him impor- 
tant offic(>s in the State. Brutus w io*. surrounded 
by men who constantly impreH8t*d on him the idea 
that (Vsar’s purpose was to make him:ielf the 
Kmpert^r of Rome. Tlie most prominent of these 
was the Cassius whom history and Shakesjieart' 
have consigmd to immortal obloquy. Cassius 
had distinguished himself as a soldier, and had 
held high office in the Homan State. He joinc‘d 
the party of Pomj)ey in the civil war, and after 
the defeat of Pompey at Pharsalia, had to 
surrender to the conqueror. Caesar treated his 
captive wdth all tiiat clemency which belonged 
to his nature. He not only released Cassius 
from punishment of any kind, but afterwards 
onabl^ him to hold high office in the State. 

Caaaius, how^ever, continued to be Cseaar's 
mortal enemy. WTiethcr there was any secret 
cause or excuse for this implacable hatned. the 
world has never known ; but it does not seem 
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to have liecn the result merely of fanatical 
devotion to the Republican cause. Cassius w'as 
a man of varied ability and persuasive pow^r, 
and he applied himself with only too much 
success to the task of conx-incing Brutus that 
nothing but the death of t^icsar could save Rome 
from the tyranny of a self -created and despotic 
Emperor. 

The Death of CsBaar. Cassius formed a 
conspiracy among some of the supporters of th*^ 
aristocratic party to save the Republic from 
the tyrant bv the weapon of the patriotic 
aAsasHin. Brutus yielded to jx'rsuasion, and 
iK'came one of the conspirators. From all mat 
is know'n of him we may assume that he believed 
himself endowed with a right to decree and to 
help in executing the death-warrant of his 
friend and patron. Even in the most modern 
days w'c find that men of otherwise stainless 
ehanu’ler have Income iMissessed w'ith a 
fanalKusm which justifii^s even murder in the 
niainteiinnee of some principle to which they 
are willing to saentiee every article of morality 
and religion. 

The plot of tlu' conspirators l)ecame known to 
some of those around Ciesar, who receivt'd 
friendly warnings of the danger threatening him ; 
hut, with his characteristic indifference to all 
risks, he went his way. On the l.'ith of March, 
in the year 44 B.c., ('a*sar went to the 8enat<‘ 
House. On his aj>|)earance, ont* of the con- 
spirators pr<*8ented him with a petition, while 
others pressed closely around him, as if anxious 
to know hiH answtT. 

But (Vesar suddenly becann conseious of the 
danger threatening him. and sprang to his 
feet as if preparing for st'lf -defence. Tnen the 
dagger of Casea struck the first blow, while the 
other conspirators drew' their swords and struck 
at him. (’a*sar had drawn his own sword — the 
sword which had gh'amed for victory on so many 
a battlefield — and strove to defend himself, until 
he saw' that Brutus, too, the friend whom he 
had loved and protected, was approaching him 
w ith uakiHl weaiion. “ Then," in the w’ords of 
Shakespeare, “ buist his mighty heart." He 
uttered in Greek the mt^morablc w'ords, “ Thou, 
too, child," drew his rolx* over his face, and 
sank pierced with many wounds, "even at the 
base of Pompey’s statue. ’ So passed out of 
life one of the greatest men knowm to the world’s 
history — perhaps the greatest mortal w’ho has 
ever borne a part in that history. 

A Mistaken Policy. The death of 
Ca^aar did not bring about that victory for 
Republicanism for which men like Bdarcua, 
Brutus were willing to sacrifice alike their 
B’iends and their moral cock. CaBsar had left 
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no Kon, but had adopted as his heir his f^rand- 
nephew Octavius, who was soon to hold that 
imperial power to avert which Julius C’a'sar 
had been put to death. The regicide party, 
who fondly hoped that the aacriiice of CVsar 
would secure the triumph of the RepuVilic. 
found themselves confronted by wholly un- 
expected obstacles The jK'ople of Rome 
could only think, at such a time, of the great 
detnis done by ("a‘sar. of tin* lustre he had cast 
upon his country, and the fact that in the civil 
war he had fougfit against the domination of the 
aristocracy and in defence of the popular cause. 

The Senate met, and its mein hers became 
inspired with the vain liojK* that civil war could 
l>e avoided by dealing niTcifully with those 
who had killed fjesar, and assuming that 
they had hcvn acting on public and patriotic 
impulses. 

Public Feeling. It was agn^'d that an 
amnesty should 1 h' is.'^ued for the murderers 
Byt the events (piickly showed luni (‘ntirely the 
|M>pular feeling \\ as muuinderytood. and bow great 
VI as th(' majority (»f thos<' who (‘ondcmiKHl the 
murder, and desired to avenge it on its authors 
Mark Antony canu' at onc(‘ to the fnuit and 
showiKl most timely cn<Tgy, and a thorcnigli 
appreciation of tin* whole stati* of things. He 
t(K>k possession of (Vesar's hous * and papers, 
and clainKKl to stand as the rcpr(‘scntativ(» of 
the deaxl dictator Among th(‘se paiicrs was 
t’a'sir':! will, in which he declared that his gn^at- 
nephew Octavius was to be his heir He left 
bi.s ganh-ns by the side of the 'Pibi'r as a fuiblic 
fKissesf.ion for tiu' Homan {M'oplc, and also a 
large sum of money to be distributed among poor 
and d(‘.s(‘rvmg citizens of Honn*. Mark .\ntony 
WHS entrusted with tln^ duty of d<*livcnng the 
funeral oration on tin* occasion of (’jesar's 
burial, and it can easily be imag.m*d w'hat a i 
effect he pnaluced when he toll of the bequests 
which ('a*.sar had made to his |M*ople. 

The .Senate did not feel that they could venture 
to do anything excejit cfintirrn the will of ( ’lesar, 
w'hih* the Roman pojailation tlamcd out in such 
anger against the conspirators that Brutus, 
(’assiiis. and their associates saw no chancf' of 
safety but in immediate Higlit. Antony had it 
all h'ls own way for a time. But although he 
had assumed tfie fMJMtioii of ('.esar's represen- 
tative. and made a splendid show' of t'lesar's 
munificent spirit to tin* Roman iK-oplc, he was 
not inclimd to lend his aid towards the carrying- 
out of that part of ('a*Har'8 will which made 
Octavius his heir. We are only left to con- 
jecture whether Antony was influenced in 
his feelings towards Octavius by some p-rsonal 
ambition, some hope that it might Ik; within 
his power to rise to the position which the dead 
(’apftar had fflled. But w'hatever his motive, it 
is certain that he opposed the claim of Octavius 
to l>ecome the heir of C>«8ar's fortune. 

Popularity of OctaTiua. Octavius had 
by this time returned to Rome from the 
camp w'here he had been in military training. 
He was now only eightetm ^"cars of age, and he 
at once assumedfth'j position of recognised heir 


to Cirsar’s fortune and fo the name of (.Vsar as 
well. While still endeavouring to oVvtain the 
fortune lK*i|ueathed to him, he spent large sums 
of his own in iwying up as much as he could of 
the legacies whicb (Vsar had bequeathed to the 
citizens of Rormv He b(*eame at once immenaely 
piipular tlmaighoiit Rome, and thus formed 
from the veiy* U'ginmiig a jHwverful party to 
support liim in all hiselaims. 

A Power in the State, (’ieero, the 
great orator, was at this tune a power alike in 
tlie Senate and in the State, lb* had taken no 
part in the eonspiraey against .luliiis ('icsar. 
but he bad shown no tnchiiatioii to press 
measun*sof pufiishment against the<’onspirutors ; 
and Ih* was known t() bi* an adherent of thi* 
Republican principle. He felt, and freely 
expresHi'd. his strong hostility to Antony, and 
delivered a serii's of nowerfiil spi'i'ches against 
him, which were cal>*((at the lime “ ]*hilippic8,” 
II name adoptisi from the* famous orations of 
Demosthenes against Philip of Maeedon. 

( ieoro did Ins bt‘st to prevent the estahlish- 
inent of a thoroughly autocratic |M)wcr and 
dynasty in Rome, hvit his efforts provi'd w'holly 
unsu('(‘<*HHful. t>nc reason for this failure was 
unquestionably that tlu* |H'ople had grown 
ulierly we iry of sudden changes in the con- 
stitution of the Statt'. and of the struggles of 
faction against faction. Rome >iad comi; into 
that condition in which France was afU‘r her 
great Revolution, when it scMuned the 

inajoiity tliat nothing could save the State 
hut the im|MTi d rule of Napoleon. Antony ha^l, 
m th(' meant Hiif*, IkI an army into (‘isalpine 
tiaul ( 1 i ro and tlu* young Detavius prevailed 
iqion the Si'nate to regard this as an act of 
war. and an army was sent out to opiMwc him. 
.\iitony "as d(*feat<*d in tin* first imitance*, and 
the result was that Detavius demandwl tlu^ 
liighesl military position in the State. 

Here again, of course, came a serioUH erisis. 
(’ieero Is'gan to regard Octavius os one who was 
trying to obtain the control of the military force 
in order to realise his ambition to Income ruler 
of tlie State. Tie; Simate endeavoured to pass 
over, or to [>osl|H)ne Ins claim, but Octavius was 
now us {Kipiilar w ith the troops, wlio still adored 
tlx* name of ( 'lesar, as witli the great mass of 
the Roman citizens. 'Dm* Senab*. whether they 
would c»r not, ha/J tn give him the Consulship 
and the military command. 

Compulsory Terms. Antony came to 
terms lifter a while, hut only to bTfus of a tern 
IMirary order. Octavius, Antony, and I,^pidiis 
agreed ujKm an arrangement by which they 
w«Te to Ik* ap^KiintiKl commissioners for the re- 
organisation of the State* ; and the Senate could 
sit* no way out of the difficulty either than by 
sanctioning and ratifying this new and startling 
triumvirate. 'Fhen followed the usual course 
Isdonging to such sudden changes in the rule 
of a State, a severe proscription dinfcted against 
all who had opposed the newly self-constituU*d 
authorities. Tne name of C’iccro held an early 
place in the list of the proscrilKKl. Cicero was 
then in his sixty-third year — the lime was within 
some forty -three years of our Christian Kra. 
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The Death of Cicero. Cicero fled from 
Romo to hi* villa in the country, and thither he 
wa« pursued by a body of Antony's soldiers, 
who captured him while he was borne recumlxmt 
in feeble health on an invalid's litter. It may 
be said that no part of Cicero’s conduct in life 
l)ecame him like to the leaving of it. He had a 
number of slaves with him wdio wore ready and 
willing U) fight U) the last drop of their blood for 
the master they loved, f'icero knew well that 
nothing could come of such a struggle but the 
slaughter of his devob'd slaves, and he com- 
manded them eamestly to attempt no »*eiiiHtanee. 
He oiTcred his neck to the weajK)nH of his captors, 
and waf; executed as if he had iH*en a public 
criminal. His head and hands were cut off, and 
by the ordt^rs r)f Antony were carried to R(»m<i 
and there displayed in one of the public places. 

Meantime lirutus and Cassius had gone into 
Asia and formed a strong army, intending, on the 
first favourable opportunity, t-o make war u[>on 
Octavius. Oetavms and Antony passed into 
(irceee on their May to m<*ct the rival army, 
which Mas completely defeat'd at IMiibppi 
42 B.('. (lassiiiH and Brut us, s(‘(‘ing that all Mas 
lost, determined to die ; (’ansius ecuufKdled 
his froedmari to kill him, and Brutus killed 
himself with his omii sMord. Octavius now 
settled (loM'ii to the task of ooiiHolidating his 
poM'cr in Italy. 

Antony and Cleopatra. Mark Antony 
remained in th<' Hast. an<l here met once again 
M'ith Cleopatra. Mith mIkuu Ik* In'eanu' com- 
pletely enslavM'd. Antony and Ch'opatra mad(‘ 
Mar against Octavius, and the grc'at sea-fight at 
Actium took place, in which Anl^inv « fleet and 
men might have made a good figlit hut flint 
Cleopatra had h(‘r galley MithdraMii from the 
front, and Antony folloM-cd her in Mhat Hccmcd 
to l>e a flight. The Egyptian tlei'l Mas M'holly 
defeated, and M'hen his cause seemed lost, 
Antony committal suicide. 

Cleopatra tried the <‘ffect of her charms on 
Octa-viUB. but found him made of much less 
impressionahle stulT than .Xntony ; and, seeing no 
hopt^ of gratifying her ambition, she put herself to 
death. Octavius Mas noM-. M ithoul any rivalry, 
the foremost man in Kome, Cleopatra Uung 
the last sovenugn in succession of the gn'at line 
of the Ptolemies. Octavius treab'd the nuuains 
Inith of Antony and of Cleopatra M’ith all n'siH''ct, 
and the pair uen* laid in earth side bv side in 
the time-lionourtHl burial-place of the fegyptian 
soven'igns. Octavius now biid the government 
of Rome entin'l^\ in his hands. His Mars 
had kept him out of Romo for some tMO years, 
but the affairs of tlio State had been M-ell 
managed by hi* trusted representatives, and 
when he returned to Rome he found everything 
in good order, and pre|mrod for the continua- 
tion and extension of his work of reconstruction. 
He found that he Mas entirely trusted by the 
people and in absolute command of the army. 

He had now to decide M’hether he M ould accept 
the imperial poaer and proclaim himself the 
autocrat of Rome, or whether he would hold 
back from this extreme decision and keep up 


the appearance of being only the constitutional 
head of the administration, and the leading 
authority in the system of government. Octavius, 
M ith the prudence characteristic of him, declined 
to accept any imperial authority, and he still 
Mas in name the chief magistrate of a constitu- 
tional Republic, He saM^ what a hold the 
Republican form of rule had upon the Roman 
people in general, and hoM-, despite incrt‘asing 
luxury and extravagance, men of the highest 
minds still strove to maintain the ideal 
Republican simplicity of life. 

Th© Rule of Octavius. Octavius knew 
Mcll also that if Home could not emerge 
from her prewuit state of chaos the imperial 
system Mould have to lx tried, and he seems to 
have decided that it was his destined task to 
conduct a monarchy under all thecxU*rnal forms 
of a republic. It Mas the more easy for him 
Ix-cauHclie had no tast<* forlnifa-rial splendour or 
for prodigal display. He occ upied only a modest 
and unprc'tentiouH dM’elling, Masted neither the 
StaU*’H jirojKTty nor his own in lu.xiirious living, 
and eonduet<*(l himself as any Rc'puhhc an house- 
holder might do. Even touards those orders 
and institutions M'liich liad Ihu'Ii most unfriendly 
to him Detaviiis shoM'cd moderation and fair 
dealing m his endeavour to obtain a |M*rman<*nt 
settlement of public allairs. He reduced the 
numlKTs of the Semate, Mhieh had groMii too 
large' forc'ftieient Mork, but did not diminish its 
authority in the sjihere traditionally marked out 
for it, and his oMn name* ap|K*Hn‘d like that of any 
otlu'r senator on thc' ottieial list. 

A New Order of Things. As soon as 
it U'came clear to Octavius that order had 
liei'n re*store‘d, and that Rome had no longer 
any eonspiraeies threatening it. he re*signe'd 
the‘ exceptional poM'crs Mhieh had l>een en- 
tnisb'd to him, and resumed th(‘ position ed 
presiding magistrate over the State. The 
Senate deerewl to him a ncM tenure of the* 
dictatorship for ten years, with the understanding 
that the te^rm f>f office should Ik* rene'wed as often 
as might Ik* den^med necessary in the interests 
of the country. Ortavius accepted these con- 
ditions, and received from the Se*nHte the title 
of Augustus. He* Mas noM .Augustus C’lesar. and 
Mas to have* preeedt*nee ove'r all other men in 
official position. Mo Mas also proclaimed 
(^ominamler-in-Chief of the army, and it was 
deeree*d that to him alone eoiUd lx*long the right 
of making ln*aties. of declaring Mar, and of 
offering or accepting terms of }x*ace. He Mas 
Emjx'ror in everything but the name, for it Mas 
certain that, so long a« he lived and retained his 
jH>pularity, there Mas no likelihood that an 
attempt M'oiild be made to put a limit to his 
time of office. Augustus did eveiything in his 
|X>MTr to make the ncM* order of things acceptable 
to the Senate. He announced to the senators 
that it M'as his intention to govern the State in 
co-opiTation Mdth them and through the medium 
of their decrees, and not by sudden and Imperial 
pronouncements. A ncM" and important 
chapter had opened in the history of Rome. 


Continued 
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CHOLLl) it Ik' (h'Hirabh* to give the phvMtcr 
^ figure the colour and mc'tallie appearan('e 
of bronze, the following mt‘thod in pi'rhaps the 
quickest of all, and the efTect may Ik‘ almost 
what you like, tliough it depends on the skill 
cm ploy wl. 

The plaster east should in the first }>laee b<* as 
dry as it will get if Icdt in the studio f(»r about 
24 hours. The bulk of tin* moisture will evapor- 
ate. but the (‘ast need not gel oerfeetly dry. 
'Fhe follow ing mat(‘rials an* recjuinsl. in <juant it ies 
varying aeeoiding to the size of the east tt> be 
coloured. 

rf)f dry colours - royal blue, Vandyke browm, 
and lemon yellow or chroiii" ; sonu' sludlac 
in flak(‘, som** wry gcxKl bronze powder and 
some methylat(Kl spirit. Dissolve som** of tin* 
shellac in sjiirit in the ratio of two good tabh*- 
sfKMmfuls of shellac in half a pint of spirit. 

The Colour. For a griK’iiisli bronze the first 
coat should be of a fairly bright green. Mix, as 
requin*d. blue and chroim*. and add a very little* 
br(»wn to quieten the tone. It should be borm^ 
in mind that more yellow is requinnl than blue: 
a very little blue will go a long way. Mix it 
w it h the shellac, not thickly, and with a large 
hog -bristle brush covi'r the whole cast. It 
mav be n<*eessary to give two coats, but it is 
only required that tin* green shall not be so thin 
as to show the wliite plaster through it. 
Judgment must Ik* excrcis(‘d in using tln^ 
shellac. If too much is taken the colour will 
shine, and spoil the desired effect. F^iwh coat 
should dry so that only the* very least shifK? 
is noticeable. Mix somi* bronze gold next. 
This should be very thick, almost stiff, but very 
little should be us<*d on the brush. Just dab 
the end of the brush on the bronze and draw' it 


lightly over the surface of the cast, avoiding the 
dt*eper hollows and allowing all the higher points 
to receive this colour. This, when toned down, 
will give the bright points of {Kilish, similar to 
those on real bronze where slight rubbing has 
removed the colouring or oxidizing. 

Bronzing the Prominent Parts. More 
of the gold bronze should be laid upon the 
most prominent parts, such as the bridge and 
tip of the nose, the highest parts of the hair, 
and the outer edges of the ear. Now mix some 
browTi and add just a little of the green. Use 
it rather thin. Have a cloth in one hand to 
dab w ith, and do not use more colour than wull 
just damp the brush. Go very lightly over 
the W'holecast as quickly as possible, taking the 
colour a little more deeply into the hollows 
than you did w ith the bronze, but not touching the 
green in the deep places. Follow at the same 
time with the cloth in the other hand, dabbing 


lightly on the very highest points only to 
remove some of the brown colour. On the large 
flat ^Kirtions, like the cheeks, mvk. and on 
smooth hair, dab the cloth all over liglitly. 
When this is (|uite dry, polish it over with a 
piece of velvet or very soft cloth. 

Casting with Gelatine Mould. 'Piiis 
lU'tluKl is cmi»loyed when more than one 
east of flu* same object is reijuired, or when 
the detail of the modt*lling is too tine to admit 
of (‘hipping otf tin* plaster mould. 

'FIk* modus operand i is as follows : Procure 
som • of tli(‘ best gelatine, not siieli as is ustnl for 
cooking, but that sold for the purposii by Italian 
war(‘housemt‘n or drysalti'is ; the quantity 
varans according to the size of the* model. Some 
French chalk, methylat(*d spirit, and shellai^ 
in flake* will hi* requin'd. Place the gelatine in 
water until it is a litth* flexible*, hut do not soak 
it, as this would make it too thin to form a strong 
mould. Place it in a douhh* saucepan, and, 
having lillf*d the* out(‘r vessel with water, allow' 
it to simni'T ov(*r a tin* until the gelatim^ is 
quite m'*lt(*d. 

In making a mould upon a tiguri* in tin* round 
if is necessary to make lirst an outeT easing of 
jilaster. Tlie gelat im* mould must Ik* nuule in 
tins as it does not stick on tlu* (’lay lik(? plaster. 
It lakes some hours to H(*t, and cannot therefore 
b * thrown on to the clay. Allow the clay model 
to dry a little so that the surface is firm and 
not (‘asily injured by pressure. Give it a thin 
coating of shellac all over, applied with a vtsry 
soft brush. 

Covering the Model. Roll out some clay 
1 or 2 in. thk^k (for a small figurt; of 12 in., 
1 in. will b(* sufficient). Cov(*r the model with 
damp tissue pa[>er, and lay the clay all over 
it, liglitly filling the seams and smoothing 
over the whole surfaite. Oil the board round 
about the biisi* and make the outer mould 
of plaster in two piec(*H, front and hiR’k, or os 
the shape of the* model dictates ; this is done 
by using the clay division, as in making a 
piece mould. 

No coloured layer is required, as the cose will 
not be chipped off, but removed in halves. 
Trim the casing round the base and mark its 
outline with pencil upon the Ixmrd. Now 
remov^e it and the cla^ (‘overing and the tissue 
paper. Having removed the clay from the 
plaster case, allow the latter to dry a little and 
then give it a good coating of shellac, after 
cutting a hole at the head through which to 
f)our the gelatine. Hmear the board round 
the base of the model well wuth shellac, and oil 
both that and the case. Now place the plaster 
case in position round the model, following the 

1673 



ART 


pencil outline on the wooden Ijase. Bind (he 
vAtte tightly and fill the with clay, banking 
up round the bane to prevent the liquid escaping. 

Divldinf the Mould. Pour in the gelatine 
at the top alowly, completely tilling the case, 
and w'ith a wocnien mallet tap 411 over the 
ouUide, from the bottom upwards, to releaHo 
any air bubblcH that may have formed innide. 
Leave it for about six hours to set. If the 
iiiBide of the plaster case^ has lie<*n propt-rly 
covered with shellac, and well oiled, the halves 
will {?orae away easily. 

(*ut through the gelatine mould with a fine, 
sharp knife, dividing i» into halv<»rt. It is b«*st 
to make this division at a point that do(*s not 
eorresiKnul with 
the division of the 

phist^u' ease 

'Puke otT the 
gelat ini' mould and 
brush it ((uite 
clean, drying the 
inside with French 
chalk II {HIM a very 
soft bnish. Do not 
leav'e any fiowder 
in it, hut blow 
into the hollows to 
rtunove it, then 
lirush it over with 
olive oil or wax 
dissolved in paraf- 
fin. 'J'he mould is 
now n*ady to cast 
from. 

IMiw’e the halves 
i’lirefully togi'ther 
and put on the 
[ilasli'r ease, bind- 
ing it w ilh eord. If 
tiu' hoh^ at the top 
is very large, it 
should he filled up 
with plaster. The 
opening at the base 
w ill lie used for 
pouring m the 
mixture for the 
ea.sl. When the 
mould is filliHl it 
sliould be well 
shaken alniut, as 
air bubbles are very eommon in using gelatine. 
The mould is removtxl in the same manner as 
before. Every sueeessive easting is treat tni m 
the same way. If it is desired to keep the 
gelatine mould for a day or so, cover it with a 
w aterproof shtHd. 

Bronse Casting. In casting in bronze 
the sculptor has nothing to do with the actual 
process lieyond retouching the wax cast and 
finishing the bronze when necessarj'. The 
normal composition of bnmze may bo approxi- 
mately fixea at nine portions of copper and one 
of tin ; but Uie quantity of tin maj" vary from 
8 to 10 f>er cent. 

For the sake of lightneas more tlian economy, 
W'orks are not made solid, but are cast over a 
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central and removable core. Tliis is made first, 
and fashioned roughly into the general shape 
of, but smaller than, the model. It is made of 
a mixture containing modelling clay, pounded 
brick, and plaster-of-Paris. It is dried slowly, 
and the last particle of moisture removed by 
baking. Tpon this the sculptor models hi.s 
work in wax. This process, though very old, 
is l>eing disuw^i w’here the method which is 
about to be described can lie employed. 

The “ Cire Perdue ” Process. It is 
generally more convenient, and certainly quicker, 
to take one or more casts, as required, in foundrj^- 
wax, which iH bard and firm. This should U* 
made of alMiut the sum" IhieknesH as that 
neechsury in the 
hrtuize east. The 
sciilpt(»r rettiuehcN 
the wax, and the 
foiindiT }inH ei*ds to 
make tii(‘ bronze 
fn>m it. The core 
i.s made by filling 
the wax model v itli 
th(‘ mixture of clay, 
jMUinded brick aiul 
[)la.‘^tcr. The mould 
IS then made by 
covering the whole 
with layers of 
c om p OKI t ion of 
dried (*lay-bnck or 
pounded crucibles 
and plaster, thoro- 
ughly ground, sifted 
and eruvsbed. and 
rul>bt*d into a soft, 
creamy substanci*. 
Thes<‘ layers are 
ad(h‘d as they dry. 
the sharpm*ss and 
detinition of tin 
bronze cast depend 
mg u})on theniUiirc 
of the mixtui’e. This 
IS covered with p. 
very thick mas.s of 
coar.scr material, 
and thoroughly 
dried. The wax is 
then melted out. 
and the mould 
lieated. Duct.s and vents are miule in various 
places to |H*rmit the escajH‘ nf air through 
the casing of the mould. This is done by 
attaching very small nxis of wax to the 
extremities of the wax model l>efore putting 
on tin* mould. When the whole is heated, the-st* 
rtKls melt and run out from b<*tween the core 
and the mould, together with the wax shape of 
the model, leaving the ducts or air passages 
clear. 

The bronze is run into the heated mould, and 
sets at once. Cooling takes some time. Tlie 
mould is then carefully chipp€*d away, and the 
core rak(xi out. The bronze will have taken the 
exact shape of the wax, and, therefore, there 
will be rod.s of bronze in place of the wax rods 
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projecting from the extremities. These arc sawn 
off, and the roughness finished by the sculptor. 

Colouring the Bronze. The bronr^o 
IS coloured, according to the wishes of the 
modeller, by the use of chemicals, such ns 
sal ammoniac, almond oil and fiower of sulphur, 
or muriate of ammonia, one part, andsubacetat© 
of copper (verdigris), two parts, dissolved in 
vinegar by boiling, and brushed over the bron^e. 
A very well-known method, and one which 
gives pleasing results, is to mi.\ twelve parts of 
common salt with six of bi-tartrate of |K)tash 
and two of sal ammoniac, dissolving in twenty- 
four parts of boiling watiT, and adding thereto 
from eight to ten parts of a strong solution of 
nitrate of copper. This mixtiirt' is washed over 
th(‘ surface, and the operation rejH'atiMl as the 
coats dry. 1'lus gives the bronze a good anticpie 
colour, and may be polished with a fairly soft 
brush. Hut for the 
antique jmtina sal am- 
moniac IS most valuable. 

Use of Modelling 
Wax. Wax as a 
nuKlelling medium is 
very useful in making 
sketches or memoranda 
of ])ose. It IS also use- 
ful when very tinesliarp 
detail IS required, such 
as IS necessary in siKcr- 
smiths' work. The red 
wax sold by Messrs. 

Hch'vcs is pcrluips as 
go(Kl as any, as it is 
always fairly tinu. 

Tliere is also th(‘ 

“ Italian M od e 1 1 1 n g 
l*aste,*‘ which is more 
creamy, and of a brick- 
dust colour. It IS useful 
for relief work, but is 
hanlly firm enough for 
wogh in the round or 
where there is miH*h 
]»r( qection 

In using an armature 
for small wax tigures it 
IS liest, if It IS desired to 
keep the model, to iw 
one stout pif‘ce of w ire 
secunjd to the ba.se and taken up tlie standing 
leg, and lighter w ire for tlie rest of the form. Such 
an armature is t*aHily bent alsjui in finding 
a fK>se. Before putting on th(* wax the wire 
sup[Kjrt should 1 m? di j>[)ed in melt<‘d resin or pitch, 
or it will IsM'ome corroded by the wax, ('opfx-r 
wire is l>etter than galvanised, on account of 
its softness. Kt*ep the wax always covered 
when not in use; it is very difficult to clean 

In designing a figure the lighter the armature 
the more easily it will be fient. It is well to 
remembor this, as it will be found very con- 
venient, when thinking out a pos(\ to twist or 
turn the sketch model into various positions. 

Originality. Many students, having ae- 
quired sufficient technical knowledge t/i express 
themselves by the medium of sculpture, cast 


about for what is sometimes called a “style." 
If the student has lennuxl his modelling from a 
good master, wdio has inspinni him with con- 
fidence. he will prohably ahsorh many of his 
master s ideas and adopt some of his methods. 
Failing this, ho will j>erhap8 “ base ' himself on 
a sculptor who has Imh oiuo w ell known on account 
of his originality. This is a very great mistake. 
It is but natural that the learner shoidd, to a 
certain extent, follow the methods of his teacher, 
and in u measure fall into his manner of exprt?s- 
sion. But the desire to imitate the superficial 
eharaeteristies of the work of others cannot be 
too sevendy eondenined. To w’hat(*ver extent 
he admires tlu' work of a sculptor, he bad or 
good, the student should resolutely resist thi* 
temptation to follow’ wliat may prove to Ik* 
something b(' does not entirely understand. 
Originality is not a quality to be sought after. 

It is the unnm^riouft 
outcome of eonseientious 
and earnest study — 
sillily of books and 
Examples of good sculp- 
ture 1 31 and 82], and, 
ab()V(‘ all. Ilie study of 
Nature. Originality is 
the outcome of imagina- 
tion and knowledge. 

Marble Cutting. 
( ’ o ni p a r a t i v e 1 y few 
niodellers nowadays can 
Ik* said to be masterH 
of marble carving or 
stone carving. This art 
iti almost ignored in thi* 
British art schools. The 
Htiiiii'iit is given a train 
ing in modelling in clay, 
ami IK left to his own 
resourees to acquire a 
knowledge m the use 
of the c hisel. TheiHinse- 
quenee is that the 
majority of stone carvers 
are Italians, wlio are 
employed for want of 
Knglish carvers. If is 
impoMKihle to show w'itli- 
out jinwtieal demon- 
stration how' to hold 
and strike- a chisel, or how to point and finish 
the marble work ; but a few hints will Ik* 
Hiiffieient to guide the student in learning thcsi? 
things by experience. 

The marble is supplied in blocks and upon its 
8iirfa<*e the outline of the model is drawn thus: 

Roughing Out. Tpon the front surface of 
the block the outline of the front view is drawn 
from the {»lasU*r model ; upon the sides the side 
view's are traced in the same way [33]. The 
outline is then cut on sides, front, and back, as 
shown in 84. This is cut out to within about 
J in. of the actual surface. 

The “ pointer ” is then brought into use, to 
determine the exact projection of various points. 
It is too complicated to explain in detail, but the 
working principle may be Jescribed in thisw'ay. 
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The pointer has three arms, which arc to rest 
on three chosen jjoints upon the model, which 
cannot be fix(5d for general use. hut must lxi 
selected ae the design of the moded demands. 

An example is showm 
in 86, one point being 
at the crown of the 
head, upon which the 
whole instrument de- 
p3nds, and two lower 
points rest upon the 
chest. The arms are 
now screwed up so 
that they are quite 
rigi<l. To this frame- 
work several flexible 
jointed pointers are 
attached. Ikdore at- 
taching the |K)inter, 
throf* small lumps of plaster ^ in. thick should 
be fixed upon tne model to receive the points 
of the instrument, and each lump should have a 
small piece of tin or copp(*r 
sheet the size of a half- 
|)ennypie(5e, with a fine 
dent in the middle, such as 
may Iw made with the 
point of a wire nail. Tliese 
will form secure and d(‘fi- 
nite points upon whi(‘h to 
rest the machim' while 
taking measurements with 
the flexihle pointers. [S(h» 

85.] 

Pointing. (Virrespond- 
ing points must he seloeted 
very carefully upon tlu* 
marble, for when the 
mi’asurements have heeri 
taken upon the model by 
bending the flexible arms 
till their points touch the 
jirojcetion n'quired, the 
whole is lift4*d from tin* plaster model and 
placed ir|)on the inarbli'. Tlu' thn*c projecting 
jKiints of marble may Ih’^ removed when the 
object is quite finish(*d. 

Pointing and rough carving jircparatorv to 
making a pi(‘cc of sculpture are generally handed 
over to an orrlinary carver, as it does not 
require very much skill, Is'ing purely ineehameal, 
and demanding only aeeuraey, A machine has 
recently l)een invented which does this work 
Avith perfect precision, and in about a tenth 
part of the time necessary to do it by hand. 
It is consequently much cheaper and mo:e 
reliable than handwork. Tn England the 
machine is used by the Sculpture and (’arving 
Syndicate, at Southwark. It is a mistake to 
think that the use of such a machine is inartistic. 
It does only the mechanical w'ork w hich would 
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otherwise be performed by the sculptor’s ass st- 
ant. In chipping, the tools used vary in size 
and w'eight, according to the amount of marble 
to be removed. In hnishing. a very much lighter 
mallet is necessary than the one requir^ in 
roughing out. 

Finishing. It should be borne in mind 
when learning stone or marble carving that 
it is impossible to correct mistakes made 
by cutting too deeply. Where projections 
occur which are liable to be 
snapped by the w’eight of the 
mallet, such as the fingers 
or an arm, a supporting 
bridge of the material should 
l>e left. 80 as to strengthen 
the part by attaching it to a 
heavier mass. The hand or 
arm may thus lx* attached 
to the figure at the tips of 
the fingers or at the wrist and 
elbow\ These attachments 
should be removed w'ith great care W'hen the 
parts are quite finished, and only light tor;ls 
should Ik‘ employed for the purpose — small, 
light chisels, riffles, and, if a high finish is 
re(juired, sandpajwr, einerj' pafier and polishing 
brushes. 

In finishing a model it should be placed in a 
half light, so that it is illuminated from one side 
only. TiK' plaster model should b<* placed in the 
same light. By this means irregularities of 
contour are 
diseovert‘d. 

Keeping both 
plaster and 
marble in the 
same liglit. 
they should 1 m‘ 
turned round 
a little at a 
time, so that 
tile outline 
may be seen 
from as many 
piunts as 
possible. 

H e d u e i n g 
and enlarging 
from a model 
IS also done 
by pointing 
111 a c li 1 n (‘ u . 

Exactly the 
same process 
should lx‘ fol- 
lowed, with 
the exception that the reducing or enlarging 
maelune has a pointer to trace over the model, 
and a drill to rough out the reduction or 
enlargement in the marble. 
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Sculpture concluded 
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By ERNEST A. CARR 


pVERY peraon of alert intelligence recognises 
^ to-day the intimate relation existing between 
efficiency and training, whether viewea from the 
personal or the national standpoint. It is un- 
necessary, therefore, to insist at length on tlie 
vast importance of popular education, and the 
responsibilities of those into whose hands such 
a vital trust is committed. In England and 
Wales recent legislation has confided most of 
this power to the greater municipal authorities, 
and there is perhaps no single department of 
Wal government work which can compare with 
it in essential value. 

Education and Popular Control. 

Without seeking to trace even in outline the 
history of the education of the pt*ople since the 
great basal statute of 1870, we mui3t consider 
briefly the position existing prior to the opera- 
tion of the Education Acts of HK)2 and 1003. 
Of the two great classes of State-aided elementary 
schools, the voluntary, or denominational section, 
accommodating more than half the total number 
of scholars, was mainly d"‘pendent for its support 
upon revenues derived from private sources. 
Tne Board schools, on the other hand, were con- 
trolled by local school boards, and maintained 
chiefly from the rates. With a few exceptions, 
municipal authorities had no part in the direc- 
tion of elementary schools of either class. 
Secondary training w'as (os now) partly con- 
trolled by county councils ; but l>etwcen these 
two detached systems of primary and more 
advanced education the uniformity and cohesion 
were la('king which might fashion them int-o a 
single effective instrument of national education. 

The Education Acta of 1902 and 
1903. The state of things thus sketched has 
l)een radically changed by these much -debated 
measures, the first of which affected all England 
and Wales, save London only, and the latter 
the capital itself. It is even yet t-oo early to 
determine exactly the extent of the changes 
they have introduced ; but, apart from certain 
controversial features with which w’e are not 
now concerned, the two statutes certainly tend 
to unify the educational system of the country, 
and to place it on a wiefer basis than t)efore. 
And the aim of the new method is popular 
control through the municipal representatives 
of the people. 

Effects of Legislation. The most strik- 
ing changes effected by these acts are the 
alMlition of the school boards, the trans- 
ference of their buildings (now knoum as 
** provided schools) to municipal bodies, and 
the control by these latter autnorities, so far 
as secular education is concerned, of the volun- 
tary, or “ non -provided ” schools. These and 
other changes are thus admirably summarised 


by an educational expert ; “ By the passing of 
the Education (London) Act of H103. the com- 
plement of the Education Act of the previous 
year, the finishing touch was given to an 
administrative upheaval, the like of which has 
not l>een witnessed since the Local (Jovernment 
Act of 1888 became law. The Acts produce* not 
so much a change as a revolution in our system 
of national education. At one stroke the elabor- 
ate ma(‘hinery of school boards elected to deal 
with elementary education is wiped out of 
existence, educational interests of all kinds — 
elementary, si*condary, and higher — arc co- 
ordinated, and the power given to municipal 
authorities throughout the country. A notable 
result t>f the change made is that for the first time 
the voluntary, or, as they are termed in the 
Acts, ‘ the non-provid(‘d ’ schools, arc brought 
under a certain m<*asure of jiopular control, and 
are supjiorted out of the rates, except with 
regard to the mamtenanci* of the school fabric in 
a condition of repair — an obligation which still has 
to be discharged by the trustees of the school." 

A Colossal TasK. Some idea of tin* 
magnitude of the labours thus devolving on 
municipal bodies who are made (*du(*atiofi 
authorities by these Acts may hi* fathered from 
tlu' laU^st educational n'turns. Tliese show the 
numlicr of elementary schools under insjMfction 
in England and Wales to be 20,285, with ac- 
commodation for nearly scholars, a 

total of 0,7115,484 children on th<* books, and an 
actual attendamu* of 0,024, ,543. The task of 
educating this mighty army of scholars is 
entrusted to 100,730 t<*aeh<Ts, and costs the 
country considerably more than thirt-ecn millions 
sterling every year. These figures, it should lie 
noted, relaU^ to primary education alone. To 
the duties they denote* must 1 k< added “ (h<^ 
general co-ordination of all forms of I'ducation " 
— involving the maintenance and management 
of municipal w*condary schools and U*chiiical 
colleges, the training of teachers, and the 
creation of an adequate^ “ ladder of learning " 
by means of council scholarships to higher 
grade schools and the universities. As an in- 
stance of the liberal way in which this last 
obligation has lx*en interpreU^d by the authori- 
ties concerned, it may la^ mentioned that in 
London alone over 5, (XX) scholarships are now 
offered each year. 

The Education Authorities. The 

statute of ltX)2 created provincial education 
authorities of three ^ades, under the general 
control of the Board of Education. County 
councils and county borough councils have full 
powers for the purposes of the Act ; while 
tmroughs numbering over 10,(X)0 inhabitants, 
and urban districts of above 20.(HK).. have charge 
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of elementary instruction only. The education 
authorities thus formed arc as follows : 

62 counties 
71 county boroughs 
144 larger boroughs 
58 larger urban districts 

335 

The Act of 1903 add d but one new member 
to this list — the London County Council, which 
is the sole educational authority wthin its 
area. There are also a number of “ minor local 
authorities,” comprising 110 boroughs and 748 
urban districts, with powers restricted to the 
levying of a rate for the purpost?s of higher 
education. 

Each authority a(;t8 through an education 
committcM*, appointed mainly by itself from its 
own ranks. In London no few'cr than 38 
members in aeommittet* of 43 are County (!oun* 
cillors. These delegate bodies are invested with 
wide executive and adviK(»rv powers ; but the 
local authority may disregard the advice of its 
committee, and remains subject in supreme con- 
trol only to the mandaU^sof the Flducation Board. 

The Teaching Staff. The position of 
municipalities as education authorities Uung 
thus indicated, we may turn to consider the 
nature of the employment they offer in this 
i^apocity. It is noteworthy, by the way, that the 
IfK'al council ap|>oints the staff of its provid(‘d 
schools, and that its conwuit is requin d to the 
ap|Kiintments mad* by the managers in non* 
provid d schools. 

A recent report of the Board of Education 
affords some interesting information as to the 
nuralHTH and pay of the teachers in municipal 
schools in this country. Ajiart from 2,172 pro- 
bationers of l)oth sexes, tlu* teaching staff is 
constituted as follows : 

Male. Female. 

Ortificated teachers . . , , 27,200 47,400 

Unoertificated .. ,. .. 5,(U)r> 35,110 

Supplementary and provisional 

assistants .. .. .. ,55 18,241 

Pupil teachers ., ,, .. 4,151 20.682 

37,071 121.493 

The salaries of the certificated teachers in 
English and Welsh public elementary schools, 
some of whom occupy a house frt'e of charge, 
are classified thus : 


The upward trend of salaries in the educ«- 
ttonal service generally may be seen by com- 
paring the figures last quoted with those of 
two years earlier. In the same four classes 
the average salaries were then : £148 178, Od., 
£108 11s. 5d., £98 7b. lOd., and £78 ISs. 7d. 

A detailed account of the conditions of 
service under each of the 335 educational author- 
ities — the salaries they pay and the qualifica- 
tions they demand of teachers of every grade — 
would fill a bulky volume. These particulars 
can generally be obtained in respect of any 
single area from the secretary to the education 
committee of the local council concerned. 
Our purpose in the present course will be 
served licst by reviewing at some length the 
methods of a typical council, and adding 
W'hat<*ver comments are requisite as to the 
educational service generally. 

The London County Council. The 

choice of an authority need not detain us 
for a moment, for London possesses in its 
("ounty Council by far the greatest and most 
influential of them all. The explanation is 
that the sway of other county councils is broken 
by the occurrence of county boroughs and less 
important (education authorities within their 
area. The London (.’ouncil, however, under 
the terms of its owm special Education Act 
(that of 1903), is supreme throughout the length 
and breadth of its district. As Pope said of 
Addison, it “ bears, like the Turk, no rival 
near the throne.” 

London’s Educational Army. The 

Council's Education Committee, according 
to the last available returns, had charge of 
527 provided and 437 non provided primary 
schools, with a total average atU*ndance of 
666,714 children, and a teaching staff that 
numbers 14,835. It also controls the most 
efficient set of 8p<‘cial schools in the kingdom, 
comprising centres for manual training, wood 
and metal work and household duties, institu- 
tions for mentally and physically defective 
scholars, industrial and truant schools, technical 
institutes, and twelve training colleges. All 
these furnish occupation for 6,824 other instruc- 
tors, making a total teaching staff of 21,659 — 
a number which will Ik* considerably augmented 
in the next statistics. The committee is also 
giving effect, at an annual cost of £174,509, 
to the elaborate system of scholar- 
ships already mentioned, which is 
designed to afford every capable 
child in London an opportunity of 
securing a thorough ediK*ation fre^ of 
charge. 

Salaries of Teachers. The 

advantages of tlie London service as 
a career are well illustrated by com- 
p^ing its average salaries with those 
given in the previous table. In 
London the average salary for head 
masters is £289 6s. 5d., and for their 
assistants £144 Os. Id. ; while among 
women the corresponding figures are 
£206 68. 9d. and £108 168. lOd. 



Maetert. 

MittreMea. I 

Annual 

8al«ry. 





I*rlnclpal. 

Asaietant. 

I*rlurlpal. 

Asflstant. 

rntli*r thO . . 

o 

o 

59 

870 

£50 to £10(1. . 

1.7S7 

,5,157 

9,881 

22 .393 

£100 to £1 SO. 

5.384 

6.088 

5,421 

5,452 

£160 to £200. , 

3.145 

1.848 

1,392 

45 

£200 to £250 . . 

1.885 

10 

825 



£250 to £300. . 

744 

1 

143 



£800 to £400.. 

488 

— 

IS 



£400 and over 

38 

1 

~ 

— 

Total 

13,251 

13,087 

17,384 

28.580 

Average Sslar}' 

1 

£156 11 8 

1 

£112 4 4 j 

£104 0 1 j 

£80 15 4 
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.Men. 

Women. 

Rletneiit«.r> 
Sohtwls : 
Orade. 

Act'omnu»- 

dation 

Salary and incre- 

‘ . 

Salary and lucre- 



inentt. 

inents. 

I. 

1—200 

£10 more than 

£10 more than 



salary under 

salary under 



scale (or assist- ' 

scale for assist- 



anU 

ants 

II. 

201—400 

£200- £300 by £10 

£150 -£225 by £8 



annually 

1 annually 

III. 

401 and 

£;UM)- £4(10 by £10 

£225 £300 by £S 

I 


Upwards ^ 


Candidates for pupil-teacherships under 
the London Coimty Council must be 10 
years old, and must pass an educa- 
tional examination. They are then 
attached to a centre for two years, 
receiving instruction for half their time 
and teaching in day-schools for the re- 
mainder. Boys are paid in their first year, 

£32 lOs. Od. ; and in the next, £39; the 
amounts for girls being £20 IBs. and £26. 

The pupil -teachers then entei a train- 
ing college for either a year or two 
years, boys receiving meantime an 
allowance of £18. and girls £15. 
C'andidaU*8 are also admitted direct to the 
training colleges at the age of 18 or 19, men 
receiving under thest* conditions a (iovernment 
grant of £25 a year, and women £20, during 
their course. On completion cif their training 
tlu^y pass the “ certiticatt* examination. ' and 
are app(jinUKl as assistants. 

Salaries of Certified Teachera. The 

salaries at which certificated teachers iH'gin 

are* deU^rmined by their training and ability. 
Men who, after two years' training, pass in 
the first or second division, receive £95 a 
year. The lowest figure. £75, is rcscrs'cd for 
third division men of not more than a year's 
training. In similar fashion tin* initial rates 
for w'omen vary lietween £84 and £70. 'I'hese 
figures wdll eventually Ik* increased to a salary 
beginning at £100 for men and £90 for women 
Ortificated U^achers holding a degree, or train- 
ing for three years, receive an additional £10 
yearly; and the same allowance is made to 
untrained gradiiat<*H and to Associates of the 
Royal C'ollege of Science or the ('ity and Guilds 
of Ix)ndon Institute, provid'd they possi'ss 
certain qualifications in the theory and practice 
of U'acliing. 

Men and women who havt* not passi'd the 
Gouneil's certificate examination, but hold some 
recognised educational diploma, arc accept(*d 
as uncertificated teachers at tixi'd salaries, on 
('ondition that they become eertificaU*d w’ithin 
five years. 

With these exceptions, the annual incremc'nts 
are, in the ease of men, £5 for the first two years, 
and £7 lOs. thereafter, to a maximum of £2(K). 
subject to a special report on reaching £150 ; 
and, in the case of women, £4 to a maximum of 
£150, subject to a special report on reaching 
£130. 

Regulations for Promotion. To 

regulate the promotion of assistants to 
principal rank, the Council’s Education (’om- 
mittee has adopted the system of framing an 
Annual Promotion Register, limited to 225 
selected names. Mlien a head teacher's post 
becomes vacant, no application from an assist- 
ant is entertained unless his name is on the 
register. In this way the number of candi- 
dates for such positions is kept within practicable 
limits. 

Head Teachers. The salaries of head 
teachers in the London service are as 
follow ; 


I'lie principals of pupil- teachers' centres, 
secondary schools and technical colleges, are 
more libt'rally remuneraU'd, the average rates 
111 London ranging from £5(K) It) £750 a year. 
Stub posts arc frequently advertised, and 
attract eandidati^s of eonsiderahle seholastie 
attaiiiments and wide experience. 

Instructors in Special Subjects. 

Ti'aclu'rs of cookery, laundry work, and house- 
wifery must liold (‘it her first-class beaching 
diplomas in these subjects, from a recognised 
training school, or some higher ({ualitieation. 
'Phey are paid £80 a year, rising by £5 yearly 
to £120. Drawing t 4 ‘.icherH of jiermanent 
rank ari' reipiin'd, as a rule, to possc^ss the art- 
masU'r's <*ertifieaU‘, to be capable of teaching 
clay mod"! ling and elementary design, and to 
have had exfM'rienee in O'aehing. The scale of 
salary for men is £175, advancing to £2(M), and 
for women a minimum of £125, and a maximum 
of £150. The hours of duty an* 271 weekly. 
Instriietors in metal work and wood work at 
day-schools an*, in some inst anises, trained at 
the ('ouneil's ti'chnieal schools, ent(*ririg as lads 
at 5s. a w(*ek, and advancing through assistant 
grades to the rank of instructor, with an initial 
salary of £100. and a maximum of £155 a year. 
TIh'sc posts an* sometirnc's ofTt^rod to outside 
a))pli(*ants at the above salary. In technical 
(centres the remuneration is by fee of 15 h. per 
half-day of actual duty, five siKdi periods con- 
stituting an average week. For the U‘aching 
of modern languages to day scholars a staff of 
visiting insfructors is engaged. They must 
furnish proofs of their profiffienc^y as teachers, 
and are paid 4 k. for the first hour and 2 h. for 
eat;h eonseeutive hour at the same school. 

In centres for mentally and physically 
defective children, all certificated assistants 
receive £10 more than in ordinary schools, but 
are restricted to the same maximum. Male 
teachers of the Vdind, if uncertificated, begin 
at £90, and rise to £140 a year; for women the 
limits are £70 and £115, The instruction of 
deaf children is remunerated at slightly higher 
rates. 

Evening Schoole. Most of the teaching 

C osts in the Council’s evening schools are held 
y membetrs of the day staff, who receive 
extra pay, varying from 4s. an evening up 
to £125 a year. A number of these posts, 
however, are open to other than omcials, 
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and are advertised in the daily Press. In art. 
science, and advanced convmercial suV»jects the 
usual rate of pay for an evening of three 
hours is 10s. 6d. to instructors, and 7s. 6d. 
to their assistants. 

The conditions of employment for all special 
teachers can be obtained on application to the 
ExcHtutive Otficer, L.C.C. Education Offices, 
Victoria Embankment, W.C. Information con- 
cemim^ them is also given from time to time in 
the official journal of the (Jouncil. “The London 
Oounty Council Gazette,*’ published ww^kly at 
4, Great Smith Strwt, W\iKtminster, S.W. To 
conu)letoour survey of the Councirs educational 
Htaflr, two further classes of appointments should 
be noticed, whose duties are administrative and 
executive rather than directly concerned with 
teaching. 

Chief Inapector'e Branch. Va<‘ancies 
in this branch are advert isid as they o(‘cur. 
The salaries arc as follows: Assistant in- 
spect ors, rising hy annual increments of 

£15 to £4(K) a year ; district inspectors, £400, 
rising hy £25 1 o £000 a year ; divisional inspectors, 
£ti00, by £*25 to £800 a ye-ar. There are also 
inspfH'torshipK of sjH‘cial subjects — ctj., art, 
wood and metalwork, domestic subjects, needle- 
work, etc. — at salaries varying from £120 to 
£.5(K) a year. Gandidates for these appointments 
have to he specially (jualiiicd m the subject 
in which they atV rcqiiir(d to inspect. 

There arc no restrictions as to ag<* or Hi‘x (»f 
candidates for any of these appointments ; but 
as the ofiiet'rs apf)ointed are required to assist 
theGouneil's district insptH'tors of day, evf*ning 
and technical sclmols, it need hardly be said that 
candidates should have some s|H*eial qualitiea- 
lions for these duties. 

The Visiting Staff. Some 4(K) visitoni 
or attendiiiiee officers are employtHl in investi- 
gating eases of absence from school, interview'- 
ing parents, and otherwise checking truancy. 
V’acancics in the “ unattached ” section of this 
staff are usually advert ist‘d in the public Press 
or in the(\mncil’8 owm organ, above-mentioned. 
Unattaclu^ visitors rweive £H() a year. Ap- 
plicants must be betw’cen the ages of 25 and 35 
(4d in the ease of non-commissioned officers 
in the Army and Navy, or members of the Police 
Force of not less rank than st^rgeant). From 
the applicants a number an» chosen to submit 
to an elementary idueational test, and from 
those who are successful in this the candidates 
for the ap{>ointments are seltH'ted. Successful 
candidates must produce proof of age, and submit 
to a medical examination. Vacancies in the 
divisional staff of visitors (£80 a year, rising 
to £130) are filled by promotions from the 
unattached staff. 

Notes on Provinciel Authorities. 

As already indicated, London stands alone in 
the extent of its educational problem, and fewr 
other principalities have framed a scheme of 
instruction wffiich approaches that of the capital 
in completeness. Most of the leading author it ics, 
however, are giving due effect to the provisions 
of the j^ucation Act of 1902 respecting the 


training of teachers and the co-ordination of all 
^ades of instruction. The number of teachers 
furnished by the older regime having proved 
generally insufficient und^ the new system, 
it has b^n necessary in many areas to establish 
other training colleges for pupil -teachers, and 
to promote an adequate supply of candidates 
by means of exhibitions, bursaries, and scholar- 
ships. When this w'ant has been met, the partial 
withdrawal of such inducements may reasonably 
l>e expected. The present is therefore a pecu- 
liarly favourable time for boys and girls to enter 
the calling of elementary school teachers. 

Local conditions in different parts of the 
country are responsible for many variations from 
the educational type displayed by the London 
scheme. In the agricultural districts, for in- 
stance, greater prominence is naturally given to 
such training as shall fit the senior scholars for 
successful cultivation of the land. Hence, the 
Gouncils of Lancashire, Hampshire, and other 
counties have established farm schools, in which 
pupils receive instruction in dairy farming 
and |X)ultry rearing on a basis at once scientific 
and practical. In some instances the consent 
of the Board of Education has been obtained 
to the introduction of these subjects into ele- 
mentary day-schools, children of 12 and upwR,rds 
learning farm and garden work for two or three 
afternoons each w’eek. 

Technical Colleges. In the great 
manufacturing and industrial centres, on the 
other hand, where workshops and factories 
ahsorl) a large proportion of the pupils leaving 
school, twhnical training is correspondingly 
developed. 

Evening elasses and polytechnics afford in- 
struction not only in applied seienc'c but also in 
industrial subjects — dyeing and bleaching, book- 
binding, w eaving, and similar work. The experts 
who teach these studies are generally well paid. 
The educational staff of the famous Municipal 
School of Technology at Manchester, for ex- 
ample, includes a director of paper-making and 
bleaching at £500 a year, and professorships 
in photography, tinctorial chemistry and textile 
fabrics, at salaries of £400 a year each. More 
strictly scientific posts on the same staff are 
remunerated with stipends ranging as high as 
£700, and the principal of the school receives 
£1,0(X) a year. Indetd., w'ith the exception of 
a few’ administrative heads, the best -paid officers 
in the educational service are usually to be found 
among the professors of the technical colleges. 

A L#a»t Word on the Service. 
Comparisons show' tliat the Educational Com- 
mitt^ for the capital is distinctly more stringent 
as to the qualifications of teachers than the 
majority of education authorities elsewhere. 
This is amply compensated, however, by its 
more liberal rates of pay, in which respect it is 
rivalled only by a few of the leading corporations. 

With regard to the education service generally 
we may close as we b^an, reminding ourselves 
that to have a part in the training of the coming 
race of citizens is to share in a great and honour- 
able national duty. 


Continued 
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By Dr. A. J. HERBERTSON, M.A. and F. D. HERBERTSON, B.A. 


AdvantaiEeoua Position. France (2()4,(XH) 
square miles) fronts thrtv seas — (1) the English 
Cliiannel on the north. (2) the Atlantic on the 
west, (3) the Mediterranean on the south. 
On all short's it has excelh*nt harbours and 
busy ports, with etisy access to all |»arts of 
the world. Its lowlands are broad and com- 
pact, forming a gn‘at semicircle around tin* 
Atlantic and the Ohannt‘1. On the Minliter- 
ranean coast the highlands approach neart*r to 
the sea, but, except in the extreme east, there 
is a coastal plain of no great bn'adth, widening 
in the centre to the plain of LangiuKioc. Every 
j>art of the most populous district, therefore, 
has easy access to the sea, and, as the canal 
system of France is excellent, merchandise can 
Ik' easily and cheaply transportcKl to all parts 
of the country [81]. 

Climate and Products. France is as 
favoured in climate as in situation. The sur- 
rounding seas make the winters mild and tlu* 
summers cool, though in the south the latter 
are hotter than an Englishman finds jileasant. 
The Atlantic winds bring rain, and as the coast 
is low' the rainfall is more uniformly distributed 
than in Britain, where the mountainous west is 
too wet. Except in the highlands, the soil is 
generally fertile, and admirably cultivated, 
for France is, in the main, an agncultunil 
country’. 

Normandy, opposite the Isle of Wight, is 
a chalk region like Southern England, which 
it resembles in climate and products. Its 
apple orchards and cider are famous. Farther 
cast much sugar Ix^et is grown. Brittany, 
opposite ('omwall and Devon, resembles them 
in scenery, climate, and products. The centre, 
with its warm, sunny summers, ripens magni- 
ficent harvests of wheat, and brings the vine to 
perfection. In the south, in addition to tlu* 
vine, the olive is grown for oil, and the mulb<*rry 
to feed silkworms. Along the Mediterranean 
oranges and lemons ripen in the open air. 

The Peasant and the Land. The 
French jK'asant t*ommonly owms the land 
he w'orks, and he gets a good living from it. 
Economy of soil is his watchword. The hill- 
sides are terraced, especially in the vine districts 
[81], and not an inch of soil is wasted between 
the rows of vines. A fruit-tree is put in if there 
is room, and, if not, a fruit-bush. If that is Uh> 
large, the peasant makes room for a clump of 
potatoes, asparagus, or artichokes, or at least for 
a patch of salad. In the plain the farms make a 
diuzling show' from April to November, with 

sky-blue flax, dark green hemp, crimson 
clover, bright yellow colza, golaen wheat, 
stately Indian com, and creamy buckw'heat ” — 
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all. fierhaps, oil a farm of two or thrw' acren. 
Fruit -trtH's cover the houses, liiu' the roads, and 
form the lu*dges. Add to these iioullry, and it 
is not wonderful that tlie Frt'iich peasant saves 
money, for he lias much to sell and little to 
buy. 

What France Lacks. France would have 
U'cn a different and, jH'rliaps, a h'ss generally 
pros|H*rouR country, hiul coal lieim abundant 
instead of s(*arcc. The largest coalfii'ld is in 
the north-east, on the Btdgian frontier, where 
numemuH towns manufacture textiles, of which 
Lille and Houhaix an* the child, obtaining 
cotton and wool through Dunkirk and tlu' 
Lhanncl ports. A numln'r of smaller coalfields 
are found round the ( Vntral Plati'au, and support 
iron and ti'xtile industries. The most imjiortant 
is that of St. Etienne, which manufactures iron 
and steel, and si'nds coal to the silk facdories of 
Lyons. These are not the only manufacturing 
centres, hut in the others coal has to be* brought 
from a distance. French manufacturers, there- 
fore. are mainly thosir in which a high degreee 
of skill or taste eomptmaates for greater cost of 
priKluction, and they cannot compete in^rheap, 
common articles. Unemployment, therefore, 
does not Ix'come so acuU' as with us, nor is 
there the same rush from the country to the 
towns. 

The Highlands of France. The high- 
lands arc' in the east and I’eritre. In the 
north-east, jiartly in Belgium and (lermany, are 
the Ardennes, with lliir Mimse Howing through 
their western part, with the Moselle flowing 
round the south-eastern base to the Rhine, 
and farther south tiie Vosges — both foresUrd. 
Round the former, near the northern coalfield, 
are Valenciennes, (arnhray, and other (owns, 
manufoituring cotton and wool, the latU'r 
prcKluced in part on the hill pastures of the 
region. To the Vosges, where (xitton is also 
manufactured, the raw materials an^ brought by 
the Seine and the canals connect<*d w ith it, and 
coal from the coalfields of Lorraine. Water- 
jiower is also us<*d more and more afU^r IxMng 
transformed into electricity, 'fhese northern 
highlands arc connwled westwards with the 
Plateau of Lingres, the lower slofKiH of which pro- 
duce the famous w ines of Burgundy. Seine 

hiisin to the north is a sijries of clay plains and 
limestone and chalk heights, on the slopes of 
which grow' the grapes from which chamimgnc 
is made. To the south rises the Central Plateau, 
with bare tablelands of granite, where cattle 
are rearifd, and of limestone with sheep farms; 
here are also volcanic mountains, the soil from 
which, when carried to the Loire and Allier 
plains w'hich intersect the plateau, makes them 
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very fertile. Hie ioatii -eaetern rim of the plateau, 
known aa the Cevennea, forma the weatem wall 
of the Rhone valley, eaat of which, cut by the 
vall^a of rivera deacendina to the Rhone, rise 
the Jura and French Alps, the latter with forests 
and pastures below and snow peaks above. 
In the small Jura towns such industries as 
rlockmaking are carried on, often by water- 
power. 

The Rhone«Sa6ne Valley and the 
Riviera. This valley separates the Central 
Plateau of France from the Alps, and opens a 
route from the north to the Mediterranean. 
Had it not existed, France would have been, in 
no real sense, a Mediterranean power. 

The Saone rises in the Plateau of Langres, 
and flows south-west and south through the 
wine districts round Dijon, receiving tributaries 
from the Jura on the left bank. It joins the 
Swiss Rhone, from the Swiss Alps, at Lyons — a 
great industrial to^Ti, manufacturing loral 
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and imported silk with St. Etienne coal. 
The united river flows south in a valley 
which widens as the mountains on either 
side rt*cede, through a land of olive, wine, and 
silk, to the plain of Languedoc, where it forms 
a great delta w'ith marshes and lagoons. Mar- 
seilles, the chief port of the Mediterranean, js 
some distance east of the delta, and beyond is 
Toulon, the French naval station. Here begins 
<he picturesque coast of the Riviera, with white 
tovns— Hydros, Cannes, Nice, and many others 
— half hidden in palms and orange mves, while 
liehind rise the snowy summits of the Alps. 

West of the Rlione delta is Nimea, with a 
large Roman amphitheatre, the old university 
town of Montpellier, and the wine port of Cette. 
Other southern towns are Narbonne, command- 
ing an important route to the west by Toulouse 
between the Central Plateau and the Pyrenees, 
and Perpignan. 

The ry r en a— . The Pyrenees rise like 
a wall between the Mediterranean and the Bay 
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of Biscay, forming the frontier between France 
and Spain. The highest peaks are about 
11,000 ft. hi^, and thmie are few easy passes. 
The lower idopes are forested with oak and 
beech, the hig^r summits rocky or snow-clad- 
Of many health resorts, Pau and Biarritz may 
be mentioned. 

The Atlantic Lowland. From the 
base of the Pyrenees, the Central Plateau, the 
Vosges, and the Ardennes, stretches a great 
semicircular lowland, extending to the western 
and northern seas, and broken by heights along 
the English Channel. It is continued east 
beyond the French frontier by the lowlands-^f 
Holland, Belgium, and Germany. This is "a 
fertile agricultural re^on, wuth many prosperous 
towns, often with cathedrals and public 
buildings, showing that the region has long been 
peaceful and prosperous. 

From the highlands, three great rivers, the 
iSeine, the Loire, and the Garonne -Dordogne, 
flow north or west, each with a special character 
of its own. 

The Seine Basin — a Familiar Land- 
scape. Northern France, with its orchards and 
wheat Helds, reminds an Englishman of his own 
country, for the rolling chalk landscape of 
Southern England is also found on the French 
side of the narrow Channel. His eye misses the 
hedgerow's between field and Held, and notes 
that the poplar gradually replaces the elm. 
Unfamiliar touches are the blue blouses of the 
peasants, and women doing hard Held work 
instead of men. 

If the Englishman sails from Dover he lands 
at Calais, on the margin of the industrial district 
roimd Lille and Roubaix, both w'oollen towiis. 
From Folkestone he arrives at Boulome, a 
busy port, and makes his way, near the battle- 
Helds of Cre^y and Agincourt, to the Somme, 
on which is Amiens, with a magnificent cathe- 
dral, From Southampton he reaches Havre, 
exactly opposite, at the mouth of the Seine, 
and, if he will, may sail up that river to Paris, 
the capital of France. The first great town he 
reaches, with its iron cathedral spire, many 
churches, and forest of factory chimneys, is 
Rouen, the Manchester of France, whose docks 
admit ocean-going steamers, laden chiefly with 
cotton. Elbieuf, not far off, manufactures 
woollens. Paris, 70 miles direct from Rouen, 
but much farther W water, is one of the gayest, 
brightest cities in Europe, It is built on islands 
in the Seine, and on both banks. The finest of its 
ancient buildinp is the cathedral of Notre 
Dame. Its modem quarters have broad struts 
with avenues of trees, great squares with 
fountains and triumphal arches and columns, 
dazzling shops, and parks great and small. 
Many industries are carried on, and the city is 
the great place of exchange, both for merchan- 
dise and ideas. Not far below Paris the Seine 
receives the Oise, from the Ardennes, and above 
it its tributaries sjHead out like a fan, offering 
a choice of routes into the heart of the oonntiy. 

Trilbutarlea. af the Seine. The Blame, 
entering the. ^me. above Paris, hi^ 
flowed down from the Plateau of Langres, 
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throng a wine country, a few miles soutli of 
Rheime, in whose ancient cathedral French 
kings were formerly crowned Rheims has 
now important woollen manufactures. A 
splendidly engineered canal, nearly 200 miles 
long, goes bv Bar-le*Duc, and near the univer- 
sity town of Nancy, to the Meuse and Moselle, 
and thence across a depression in the Vosges 
to the Rhine near Strassburg. Or we may 
follow the Seine through the forest of 
Fontainebleau, and past Troyes, to its source 
in the Plateau of Langres. Finally, the Yonne 
takes us towards the Loire, which is separated 
from it by broken heights. Tlie Bur^ndy 
Canal, 1,200 feet above the sea at its highest 
point, goes from the Yonne W Dijon to the 
Sadne, thus connecting the English Channel 
with the Mediterranean. 

Normandy and Brittany. East and 
west of the lower Seine is Normandy, its 
swelling hills covered with cornfields, and its 
valleys rich with orchards and meadows. In- 
numerable herds of cattle supply milk for 
the famous Normandy cht^es. Many towns, 
cathedrals and abbeys tell a tale of long prosperity, 
(-herbourg, opposite the Isle of Wight, on the 
(^ntentin pcminsula, is a naval station. Dieppe, 
east, and St. Malo, west of the Seine, are im- 
portant packet and fishing ports. A few miles 
north of the latter are the Channel Islands. 
Brittany, opposite C/omwall and Devon, is a high- 
land region, growing early vegetables in the 
north. Fishing is important all along the 
Chanmd coast, and both Normans and Bretons 
are lx)rn sailor.^. On the Atlantic coast are 
the naval jK)rts of Brest and Lorient. 

The l^ire Basin — a Garden Land. 
The Loire, 550 miles long, the longest river in 
France*, rises 4,500 feet above the sea, in the 
heart of the Cevennes. It is a rapid river, 
liable to destructive Hoods in its lower course, 
where its banks have to be protected by dykes 
and embankments. Tlie main stream flows 
generally north as far as Orleans. On a tribu- 
tary in its upper course is St. Etienne, with 
collieries, ironworks of all descriptions, and 
riblK)n and other manufactures. Below Nevers 
it unites with the Allier, greater than itself in 
volume, which flows from the volcanic district 
of Auvergne, not far from Clermont, the largest 
town of the Central Plateau, in a fertile w'heat 
and vine growing vale w’ith a rich volcanic sdiI. 
All round this volcanic region, w'hose scores of 
extinct craters, seen from the summit of the 
Puy de l>6m% produce an indescribable im- 
ression on the mind, are mineral springs of 
igh repute, as at Vichy, on the Allier. At 
Orleans, the centre of one of the most fertile 
districts of Europe, the Loire turns west, to 
flow by Blois, Tours, Angers, and many a famous 
chitejm, through the rich districts of Berri, 
Touraine and Anjou, which form the garden of 
France. On the leh bank it receives tribu- 


taries from the Central Plateau and on the 
right bank tributaries from the Norman hri^ta. 
Nantes, at the head of the estuaiy, is the Liver- 
pool of Western France, and the rival of St. 
Nazaire at its mouth. 

The Garonne - Dordogne Baain. 

The Garonne is formed by the union of streams 
from the Pyrenees, which unite above Toulouse, 
a town important from Roman times because 
it commands the route to the Mediterranean 
between the Cevennes and Pyrenees. This 
depression is followed by the Canal du Midi, 
from Toulouse to Cette, uniting the Garonne 
with the Mediterranean. On the right bank 
the Garonne receives many tributaries from the 
Central Plateau, and these flow through some 
of the strangest scenery in Europe. 

A Strange Country. The surface of the 
limestone Gausses, as these districts are called, 
is a bleak, barren stone plateau, burnt up in 
summer, and buried in snow in winter. The 
only sign of life is an o(*casionaI shepherd with 
his flock. The rivers cut deep narrow gorges 
many hundreds of feet below the surfaceC en> 
closed between rock w’alls carved into strange 
shapes by wind and weather, and flaming w'ith 
all the colours of sunset. Precipitous paths 
lead down to the bottom of the gorges, which 
are often inaccessible except by boat, but in 
places widen out sufficiently to hold many a 
village, with orchards and garaens, hidden, as it 
were, in the bowels of the earth. The few towns 
are often finely situated on precipitous ridges. 

The Dordogne. The largest tributary 
of the Garonne is the Dordogne, which rises in 
the old volcano of Mont Dore, in Auvergne. 
It enters the Gironde estuary a few miles below 
Bordeaux, the chief port of south-west France 
and the outlet for the clarets of the surrounding 
wine districts. Pauillac, at the mouth, is Ihe 
outport of Bordeaux. 

A Reclaimed Desert. The Landes. 

Immediately south of the Gironde is the wine 
district of Medoc, and beyond are the deso- 
late Landes, a region of sand dunes, in 
places 250 feet high, and extending inland for 
120 miles. Their ^vance eastwards has been 
checked during the last century by planting 
millions of pines, which yield valuable turpentine. 
The vine has also been successfully inti^uced. 
The inhabitants live in small scattered villages 
and cross the dunes on tall stilts. 

Corsica. The mountainous island of Corsica 
(3,400 square miles), in the Mediterranean, 
is over 100 miles from -France, of which it 
forms a department. Its mountains rise to 
nearly 9,000 feet. The lower hill slopes facing 
the sea are planted with olives, vines, oranges 
and lemons. Above there are dense forests of 
evergreen trees peculiar to the Mediterranean. 
Minerals are abundant, but little worked. The 
capital is Ajaccio. 


Continue 
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WATER POWER APPLIANCES 

Hydraulic Rams and Syphons. Types of Water Wheels. Pelton 
Wheels, Varieties of Turbines. The Horse- Power of Water 
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* I 'ills article deals with the applications of 
hydraulics, the leading principles of whieh 
have been already staU'd. The practical imj>or- 
tance of the subject is’ now greater than ever, 
•and increases at a rapid rate. 

It is not always jHissible to draw hard-and- 
fast lines of division lietween ditlercnt kinds of 
water motors. Hydrostatics and hydraulics 
overlap in regard to their appliiMitions. If we 
attempt to distinguish between weight and 
pressure, we have already seen that the results 
of natural head are produced by pressure in 
the accumulator through the medium of pumps. 
Kinetic energy, or that due to velocity niove- 
meht of a liquid, is obtainable from either head 
or pressure. Head is due to gravity, and the 
liquid is only the agent through which gravity 
acts. When we come to the methods of utilising 
w’atcr-power the ditferences in ihcse acquire 
a practical int>erest. 

Hydrostatic and Hydraulic Machines. 

The distinction between the hydrostatic 
and hydraulic machines may be put torsely 
thus : in the former the li(]uid has no energy 
of motion, but only that of pressure ; in the second 
pressure is employed to produ(^e motion, anrl 
the energy of the motion is that 'which is utilised 
for doing work. In strictness, therefore, the 
various so-called hydraulic engines belong to the 
same class as the press cylinder and rum.'*, 
and not to the turbines and allied machines. 
Thev are so designed that with little essential 
moaification they can be used for hijuids and 
gases alike, a point \\c shall note in rotary 
blowers and centrifugal pumps. One of the 
lx?8t-known engines, the “ HrotherhoiKl " thret‘- 
eylinder tyjK*, can l>e, and is, actuated by sti'am 
pressure, or water, or compressed air, as in 
torpedoes. 

The capstans which one sees on quay and 
dock walls are often operated hydraulically 
by means of engines with o.scillating cylinders, 
the pistons of which all drive on to the crank, 
•which, being continuous with the shaft that 
operates the mechanism to which the engine is 
connected, drives it. In the capstan this shaft 
is the one to which the capstan head is attached. 
In some cases the “ Brotherhood ’ ' three -cylinder 
type of engine is used, in others, four cylinders, 
^e pressure water enters and leaves through 
passages in the cylinder trunnions. '^Fhese 
passage^s arc opened and closed by the osiulla- 
tion of the cyhnders. 

The Hydraulic Ram. This machine, 
which utilises the kinetic energy of moving 
water to raise a portion of that water to a very 
much higher level than the source of supply, 
is not a paradox. It does not contradict the 
law that water can only find its o^mi level. 


The jwoblem is not hyilrostatie. but dynamic, 
(liven a eon.'»tant water supply, therefore, 
it would come near fultilling the ideal of 
jx*r|K>tual motion. 

In this machine [176] water flows from a .source 
of supply, as a pond or tank, A, under a head, 
coming through a sloping pipe, B, the drive pipe, 
into the ram. Tliis consists of a casing, (\ having 
two valves, and an air vc.sscl. The valvi's arc 
the cheek valve, or delivery valve 1), opening 
into the air vessid K, and the dash valve, or 
door F, ofwming downwards into the easing, and 
dropping by its own weight. It comes U'tween 
the .source of supply and the cheek valve and air 
vessel to whieh the delivery pqH* is coniKHd-ed at 
(}. and which is eonneebd to the cistern or other 
v('ss('l which has to be siijipliod with water. 
The action is as follows. 

How the Ram Works. When the valve 
(not indicated) whieh (‘loses the mouth of the 
drive pijie at the feed tank end A is opened, 
the waU*r flows down the pipe B into the ram 
(\ and begins to es(*ape by the dash valve 
F. But almost immi'diately the impact of 
the water on the und(T side of this valve 
lifts, and (‘loses it, preventing any furth(^r 
esea})e for the moment in that way. The 
momt*ntuin of the waU^r, thus arrested for a 
time, raisits the pnissure in the body of the ram, 
lifting th(‘ check valve 1) communicating with 
the air v(*ssel K, and some of it passi's into this 
vessel. Then th(*re follows a ncoil of the 
water into the drive pipe, whieh allows the dash 
valve F to dro]), allowing some water to flow 
past it, and the cycle of operations begins again, 
and is rejicated from 40 to ‘2(K) tim(‘H a minute. 
At each movement a little more water is driven 
into the air chamber E, compri^ssing the air 
therein, and being in turn ejeeWd through the 
only outUrt possible, that into the delivery pi[»c 
(i leading to the storage, 

Advantages of the Hydraulic Ram. 
Thousands of these valuable litth^ pieces of 
mechanism have In^en fitted in country houses, 
farms, and institutions where there is no public 
st*rvic(i water available. They are mad(^ in more 
than a hundred modified designs, only one of 
which is shown, to suit all kinds of conditions, 
until nearly all things are possi blc to the possfjssor 
of a suitable ram. It will work 24 hours a day 
with practically no attention. It can l)c macle 
to work with large or small quantiti(*s of water, 
from 1 tf> 2,000 gallons a minute, and to suit 
falls of fr(>m 18 in. to 100 ft. Hydraulic 
ram^ are designed to raise from 300 to 5(X),000 
gallons a day. Some of them will force watt^r 
to 1,000 ft. in height. By comparison with other 
m?thod8 of water raising they show to much 
advantage. Windmills, water- wheels, pumps, 
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e^tneSf electric motors, all sufPer frmn varioas 
disadvantages doe to their greater cost and 
complication, besides which they all require 
more regular attention than rams do. 

The Syphon. The syphon is not a mere 
toy, or a device utilised on a small scale by a 
gardener f>r plumber for emptying a tank or 
cistern. It is employed on an immense scale in 
bringing water supplies to cities. Only, in these 
cases the syphons are huge pipes inverted, and 
having numerous valves at certain points of 
junction for the pre- 
vention of the flow, 
or return of the water 
in cases of accident 
to the pipes. Tiie 
Romans built mag- 
nificent aqueducts 
for the supply of water 
to their cities, and in 
this respect put to 
shame the insanitary 
nations of the long 
Middle Ages. But 
they did not seem to 
have understood the 
syphon, for they 
always carried their 
aqueducts horizontally 
on immense arches of 
masonry over the 
deep valleys. The 
moaern engineer sim- 
ply lays down pipes 
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water pumps, mid to which the term chamber 
gear mechaaime has been given. Roots’ 
blower [177] is the most familiar form, but every- 
one does not know that this has also been em- 
ployed as a rotary pump. Two two-lobed 
wheels revolve in contact with each other 
and within their casing. Tne lobed wdieels 
or pistons being rotated in unison by an external 
source of power, propel liquids as well as gases. 
There are several types of these rotary pumps, 
of especial value for viscous liquids, and they 
are interesting studies in applied mechanics. 
Fig. 178 is a rotary pump which is simply 
a pair of toothed wheels of the gear type 
rotating and interlocking. Substantially, the 
difference between 177 and 178 is that the 
wheels or impellers in the first have two teeth 
each, those in the second have six. The con- 
tact is constant between the wheels and their 
(‘osings, so that fluid cannot pass through in 
a direct course, but must occupy the spaces 
swept through by the rotating wings or teeth. 
Fig- 178 is familiar in machine shops in the 
foim of an oil or suds pump for lubricating tools. 
Fig. 179 is a form used as a blower. It will 
be recognised as identical in principle with 
Baker's well-known blower, the latter having 
two small discs instead of one ; and this has been 
used as a pump. Fig. 180 is a modified Roots’ 
blower, al.so used as a pump for other liquids 
besides water. Fig. 181 is another 
type in which the revolving bodies are 
unlike, two teeth on one 
filling spaces in the other. 
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176. HYDRAULIC RAM 

of cast iron or steel following the contour of the 
valleys, knowing that water will ascend in the en- 
deavour to find the level of its head. The system 
is used in the American and Russian oil fields, 
as well as in numerous aqueducts, as the Croton, 
whore a syphon p.isse8 under the Harlem River 
in the United States, and the Manchester- 
Thirlmere, the Birmingham -Welsh, the Liver- 
pool-Vymwy, and other British water supplies. 

Chamber Gears. We must not pass 
without notice a group of mechanisms, which are 
more familiar in the form of blowers than of 
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and during the intervals the circular bodies 
are in contact. It is termed the dram pump. 
The movements of the two pistons create a 
vacuum, into which the water flows, and 
becomes forced out by the front face of the 
smaller piston. 

The Centrifugal Pump. This pump 
[182] will be recognised also in the form of 
the fan, so that here, too, a mechanism is 
used either for liquids or gases. The blades 
or vanes are rotated within a casing, from any 
convenient source of power, coupled to the 
shaft A, and pump water and other liquids, 
clean or dirty, as there are no valves to become 
choked up. The same mechanism is used for 
dredging wet sand, gravel, and mud, just as the 
centrifugal fan is emplo 3 red in extracting sawdust 
and shavings from woodworking machinery. 

Fjg. 182 represents a 52 in. pump by Tangyes, 
Ltd., the measurement being that of the dis- 
char|;e opening B. It is a doable suction pump— 
that 18 , the liquid enters by two tub^ CC, diverg- 
ing from a single pipe ana opening into ^e pomp 
at the sides, where the liquid develops kinetic 
energy by the revolution of the vanes D, and being 
disoharg!^ at the coned openii^ and passing 
round Uie volute-shaped casing £, escapes at B. 
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Ceatrlfuial Pump BladM. Tbe blades 
or vanes are generally curved, because that is 
the form which is the most effiicient in the 
propulsion of the liquid from the centre to 
the circumference of the casing. We shall 
meet with similar curves directly in turbine 
practice. High speed is essentiaf in any case 
to the efficiency of these pumps. 

The curves or the vanes are referable to 
;adial lines, thus: if a rigid rod fl88] revolves 
about a centre and carries a loose ring upon 
it, which we may suppose to be a particle of 
water, the ring will m we to the end of the rod 
under the action of ceitrifugal force. But in 
doing so. the path which it describes will not 
Ik? a radial one, but a component of radial and 
circular motion. In passing from a to 6, the 
path taken by the globule will be that indicated 
by the dotU^d line r. If the rod bo inclined 
away from the direction of rotation, as at rf, 
that will favour the ^ 

outward movom:^nt 

of the globule, and '/ IET'VJ I” ^ 

the steept^r the |/( 

angle of inclination | 

the more rapidly ...... I 

will the ball be ~ -- _ .I, f 

forced out to the ^ 

circumference. — 

'Phough pumps are i “ I 

made with straight iTO — 

inclined blades it ^ If!* * iHl 
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manufacturers been able to produce the most 
efficient pumps for different speeds and heights 
of lift. 

The real behaviour of a pump that is modified 
in design only slightly from previous examples 
has to be ascertained by experiment. Curious 
anomalies have com? out sometimes. But the 
net result is that a given pump has some par- 
ticular speed and height of lift which is its 
maximum possible, .^d it is found that there 
are limits nelow, as well as above, at which a 
pump will not work efficiently, though the 
latter case only is often accepted. 

Mechanical Efficiency. The centri- 
fugal pump is substantially the inward flow 
turbine reversed. That seems a very simple 
fact. Yet the mechanical efficiency of the 
pump is much less than that of the turbine. 
While the latter convent about 80 per 
cent, of the potential energy of the M^ater 
- into useful work, the centrifugal 
pump rarely gives out more than 
\ ‘^5 or 60 per cent, of the work 

\\ put into the shaft, and » fre- 

A quently not so much as that. 
/) llie explanation offered is that in 
• the turbine, potential energy is 

converted into kinetic ; but in the pump the 
kinetic energy of the water leaving the vanes 
is translatca into the potential form — that 
is, in the form of pressure or shock. To 
^ reduce this is tbe object of curving the vanes ; 
jj ^ di8c..arging the 

I water into guide p^- 

* Bage? of gradually in- 
creasing area, as the 
volute [182], until the 
E g }>- velocity is sufficiently 
9 reduced. And, Anally, 

I to allow the water 
I leaving the wheel to 
— . y I V h>rm a free spiral 

, ^ vortex in the 

" pump casing. 

Con- 

; atruction. In 

the construction 


is l)etter to curve them, and the shape of the 
curve may be approximated by moving a pencil 
in a radial direction across the face of a revolv- 
ing disc. It will be found that curves will be 
described resembling in form the vanes used in 
pum[>8, and the more rapid the rate of rotation 
the larger will be the amount of curvature or spiral 
developed. Tliese, therefore, indicate the ap- 
proximate forms of the vanes of pumps of this 
class, examples of which are given in 188 to 188. 

Curvature of Blades. It must not be 
imagined, however, that the determination of 
the most suitable curvature, or the question 
of straight inclined blades versus Curves, is so 
simple as the foregouig chmmtary example 
would seem to imply. The whole subject 
bristles with difficulties, mid the form of the 
volute, and of a whirlpool chamber in some cases 
has much influence on results. Only by much 
experimenting and experience have the pump 
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of these pumps, 
as of turbine buckets, the object is to propor- 
tion the curves so that the water shall pass 
through with the least friction, and leave the 
buckets with as little velocity of movement as 
(lossible, because velocity means so much energy 
wasted. A secondary advantage of curved vanes 
is that as they permit of more slip between their 
faces and the water, they are more favourable 
to efficiency under a larger range in speed than 
radial vanes are. Experiments by the Hon. 
R. C. Parsons showed that invariably the 
efficiency of wheels with curved vanes was 
greater than that of those with radial vanes when 
the wheels discharged into a vortex chamber. 
It has also been proved that efficiency increases 
rapidly with the quantity of the discharge. 
Centrtfugal pumps are coned in or^r to decrease 
the divergence of the streams passing throui^ 
the pump, and so to reduce the residual 
energy. 
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Water»wbeels. These come on the 
border line of mechanisms that act by gravity, 
and by kinetic energy. They act mostly by 
cavity — the turbines do so by ener^ of velocity. 
But in some forms of the wator-whoeh gravity 
force develops into that of momentum « and in 
some forms of low-pressure turbine, gravity is 
the principal form of force. We shall, therefore, 
consider in brief the characteristics of the 
principal types. But first it will be desirable 
to show V)y what m(‘thods the fK)tential energy 
of flowing waters is coerced and utilised. 

When a stream is flowing, its rate of move- 
ment is slow or swift, according as its fall is 
slight or considerable. If it falls one foot in 
the course of a mile its movement is slow; at the 
other extreme we have tlui rapids, the cascades, 
or the cataracts. In each case there is potential 
energy jiresent, hut it is hardly, if at ail, apparent 
in the first while obvious in the second. One 
can hardly realise laWnt energy in the Thames, 
but it is striking and grand in Niagara. 

Value of Dams. But if we should 
dam the 'riiamc's, the potential energy of 
the stream would l)ecomo apparent. When 
old l^iondon Bridge was in existence, the 
narrow arches dammed the water back so 
much that w^veral feet of head was utilised for 
driving water wheels. The effect of damming 
is simply to raise the level of the water at that 
locality, and so concentrate at one place the 


broken up and dissipated on a series of rocky 
steps. But if it be enclosed in a chute or a 
pipe so that the frictional losses due to the 
broken waters are minimised, it becomes 
capable of exercising powers that are often 
measurable in that of many hundreds of horses. 

The problem now becomes how best to utilise 
the Ujw, and high heads as they are termed. An 
enormous amount of water motor engineering 
centres around these, but nearly all are capable 
of classification under water-wheels and tur- 
bines. 

Water-wheels are classed as overshot when the 
w'ater comes over, and nearly at the top of 
the wheel ; breast when it comes Ixdween the 
top and centre, sub-divided also into high, and 
low breast wheels ; undershot when the water 
comes at the bottom of the wheel. 

Overshot Wheels. In these wheels 
the water is brought along a shoot — the head 
race above the wheel — and is discharged into the 
curved buckets immediately beneath. It is, 
therefon*, essentially a gravity wheel, though, 
as the water must possess some velocity at the 
moment of discharge, that must be credited 
with a small p<jrtion of the results. The buckets 
are curved to retain as much of the water as 
possible l)efore it is discharged into the tail 
race. 

Breast Wheels. In these, water is intro- 
duced somewhere between the top and the 




oner^ due to gravity 
whicb had been pre- 
viously dissipates! over 
a long upper reach of 
the stream. If, for 
instance, a river has 
a fall of 10 ft. in a 
mile and a barrier is 
stretched across its 
course 10 ft. liigh, the 
water will drop 10 ft. 
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middle of the wheel, 
and. therefore, it 
acts chiefly by 
gravity. An advan- 
tage of this type 
is that the move- 
ment of escaping 
water is assisted by 
the rotation of the 
whetd. The buckets 
are either curved. 


sheer, and will give out the energy due to 10 ft. or facetted, to approximate to curved forms, 

of head. This was the device o? the old mill- Though the high breast wheel receives the water 

RTights, who drove water-wheels by the power nearly at the top, it differs from the overshot 
of graxdty acting through the head of water. in the direction in which the water is brought to 

ActuaOy, 10 ft. is a rather low head, and it, being ayatiiAf the buckets instead of ocer them, 

requires a large volume of water to make it The Undershot Wheel. In this wheel 
very efficient. At the other extreme, therefore, we have what is really a connecting link between 
there is the cascade, many scores or hundreds the water wheel and turbine, since the water 

of feet in height, but having its potential force does not act by simple gravity, but by its 
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— momentum, or kinetic energy, due to the head. 
There are two groups of undershot wheels — 
that with straight vanes and that with curved 
buckets, an important distinction which will 
form a text for the discussion of the forms of 
buckets in general. 

When water impinges against flat vanes, 
eddies are producea which waste some of the 
power. By substituting curved vanes, with 
the concavity facing the water, the water runs 
up their faces, until arrested hy the action of 
gravity, when it falls again. But it exercises 
pressure, «md does work during both movements. 
This simple device of curving the buckets is 
applicabje to all kinds of water wheels and 
turbines, and has been the subject of many 
foimulie. The original idea appears to have 
been due to Fairbaim, who substituted curved 
iron buckets for straight wooden ones. Another 
improvement duo to him, applicable only to the 
'overshot and breast water wheels, was the 
ventilating bucket — that is, a narrow space was 
left between the bucket and the rim of the wheel. 


by the head, but the diameter can be propor- 
tioned to speed required, and the number of 
nozzles can be Inoreased to supply more water, 
or to obtain a higher spt^ed than is obtainable 
by one nozzle. 

Troubles of Turbines. Apart from 
these advantages, there is one fact that has 
more weight in some localities than in 
others. One of the troubles with turbines is 
the presence of leaves, sand, mud, etc., in the 
■water, which chokes and scours the buckets ; 
hence the need for the titling of a grating or 
forebay, to intercept some of this injurious 
material. But the Pelton wheid, having ojam 
buckets only, discharges anything that comes in 
contact with them. 

Fig. 187 illustrates a Pelton wheel installation 
for high falls by Messrs. Singriin Frercs, of 
Epinal. It shows a device which is often fitted 
to these w’heels — namely, two nozzles in place of 
one, so increasing speed. The governing mechan • 
ism and the sluice valve, the w'heel covering, the 
tail racic, and other details are apparent. 



in its descent escapes through this space into 
the bucket above, instead of occupying space 
that should only be filled with water, and so 
dashing the w'ater out. 

The Pelton Wheel. A water-wheel 


efficiency nearly equalling that of turbines. But 
the breast wheels do not give more than half 
the efficiency of a poor turbine. 

The water-wheel has its axis of rotation hori- 
zontal, and is a low-firessure motor. The turhim^ 


which is another conneating link between the 
gravity 'W'heels and the turbines is the Pelton 
wheel. It is the best example of the impact 
wheel, pure and simple. A number of curved 
buckets are arranged around a disc, and a jet of 
water is driven through a nozzle against them 
under pressure. It utilises very low and very 
high falls, and also the force of the water pumped 
to a high pressure, as in the hydraulic jK)wer 
mains of cities. It is pre-eminently the water 
wheel for high falls, being adaptable for working 
at any hea£ from about 20 to 2,000 ft.; some 
installations exceed even this amount. 

A great advantage of this wheel is its extreme . 
simplicity of construction. A jet or jets of 
water are directed against the bucket, and 
slight variations in the dimensions of the tip of 
the nozzle, varying the volume directed against 
the buckets, render the wheels capable of working 
efficiently lu^r varying water supplies. With 
low heads, large wheels with buckets of large 
capacity are required. The speed is determined 


often has its axis of rotation vertical, and is a 
high-prcHHure motor. But there are some tur- 
bines with horizontal axes, and there are alst) 
low-pressure turbines. (lenerally, water-wheels 
are gravity wheels. Turbines are either reaction 
wheels, or imjniUe wheels. Besides this, they are 
classified according to the direction of entry of 
the water, as inward flow, outward fbm, axial, and 
mired flow. In all alike, water-wheels and 
turbines, the rotating wheel receives the water in 
buckets, blades, or vanes, hy virtue of which the 
rotation is produced. The forms of these vary 
greatly, ana slight differences in their curvature 
will otten produce very important differences in 
efficiency. 

Impulse and , Reaction. It is now 

necessary to explain the difference between 
impulse and reaction turbines. The Pelton 
wheel [187] is an impulse wheel, and so, also, is 
an undershot water-wheel. Both these work in 
air. Yet there are impulse wheels which work 
entirely submerged in water, just as do the 
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reaction, or drowned turbines. The difference, 
however, is that the submerged impulse wheels 
have what i» termed ventilating buckets, or 
buckets having openings to permit free access 
of air thereto. ITie practical advantages of the 
latter are apparent when varying and small quan- 
tities of waU‘r only are available. Those, with 
others, to explain which would lead us too far 
afield into the technicalities of this branch of 
engineering, render impulse turbines of greater 
value in some (tases than the reaction types, Tlie 
prototype of the reaction turbine may lx* noted 
in Barker’s mill. Here two jets of watc*r 
issuing under pressure from Ix'nt tulx‘s on oppo- 
site sides of a susjxjnded tulx* cause rotary move- 
ment in a direction o[)posite to that in which the 
tubes are lx*nt. 

Water Flow in Turbinea. Any turbine 
is distinguished from a waU^r wheel by 
having two rings of buckets or vanes, one 
ring containing guide vanes only, the other 
the buckets or the turbine pro|M‘r. 'fhe function 
of the lirst is simply to bring the water at the 
most suitable angle into the latter, in order to 
prfxlucc^ the highest efficiency. The water may 
enUT within the ring, and pass outwards, 
denoted by the terra outimrd flow. Or it may 
enter frf)m without, and j)aKs away inwards, 
tt^rmed, tlum, inward flow. Or the water may 
pass through in a direction generally parallel 
with the axis of rotation — the jMrallel, or axial 
fUni\ group. Or tlu* radial and parallel may be 
combined, a.s in the mixed flow turbines. Finally, 
the term drowned is applied to reaction turbines, 
and ventilating to the impulse kind. Each of these 
— the reaction and the ventilating — include the 
subdivisions previously stated, twi denoting the 
manner of ilow, and each is, further, of low' and 
high-pressure classes. 

The Fourneyron Turbine. Fig. 188 
illustrates this, the oldest typ<^ of reaction 
turbine. It is of the outw'ard flow class. 'J’he 
vanes and buckets are shown to the left and a 
vortical section to the right. A is the fixed 
guid(' ring, through which the w'ater flows to 
the turbine wheel B, s»» driving the latter 
round, and l»eing itaelf deflecU*d by the 
curves (»f the buckets before discharge on 
the outside of B. The sectional detail to the 
right shows three sets of vanes, and buckets, 
separated by plates, the object of which i.s 
the regulation of the (plant ity of w'ater }>assing 
through. This is elTt*cted by sliding the governor 
ring C to one. two. or all three sets of openings. 
As sho^vn, the optmings are all covered. 

Thn Gimrd Turbine. This is an im- 
pulse turbine. It is generally of the axial 
tyjK\ Its leading features are as follow. Fig. 
189 illustrates vertical sections through the 
guide vanes and buckets w^ith the holes a in 
the latter for ventilation. The water enters the 
vanes A with the entire velocity due to the head, 
and thrusts against the concave sides of the 
buckets B without touching the convex sides. 
To permit of this the buckets are widened 
towards the bottom. 

The governing of the turbine is facilitated by 
the fact of its being an impulse tyj>e. A sliding 
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gate, C, can be reflated to close the ports of 
the vanes or guides in succession. The ports not 
covered are thus left fully charged wi^ water. 
Neither is there any change in the angle at 
which the water enters. It is, therefore, 
eminently suitable for cases where there is 
much variation in the water supply, or where 
the amount of water used shall be in direct 
proportion to the power required. 

Girard turbines, as described, are used for 
falls of water up to about 50 ft. For higher 
heads, a system of partial injection is adopted, 
the water being admitted only on a portion of 
the circumferences. In this way a speed not 
too high is obtained, w'hich with full injection 
would require reduction gears. Generally, too. 
the shafts in high-fall turbines are 8t*t horizon- 
tally instead of vertically. 

The Jonval Turbine. This, also, is of 
the parallel flow, or axial type, but it is a 
reaction or pressure turbine [190]. Its vanes,-' 
A, or ports, are closed, similarly to the Girard, 
by slide.s. not show'n, for purposes of regulation. 
It is suitable for low and medium falls, and can 
lx* immersed in backwater, or raised above tail- 
w'ater in a tail suction pipt*. to a height not 
exceeding 2.'”) ft. 

The Vortex. A turbine termt*d the 
Vortex is of the mix(‘d flow tyjie [191j. The 
W'ater enters from the outside and passes away 
at the centre, below and above the casing. 
The w'heel btdongs to that class w'hich has 
movable or adjustable guide passages, not 
illustrat'd, bv virtue of which the supply of 
W'ater to the buckets [191] can lx? adjusted, so 
making the turbine capable of utilising reduced 
quantities of water in an economical fashion, 
since the water is admitted in any volume to the 
whole of the circumference of the wheel. The 
water supply comes through an encircling case. 
Tlic width of opening of the nozzle of each 
guide blade is regulated simultaneously by 
m*anH of levers and shafts, the blades lx?ing 
pivoted. There are four or more of these guide 
vanes in the circle. In cases w here the quantity 
of water available and the power are constant, 
the guide vanes are jixed, since adjustability 
would have no advantages. This simplifies 
the construction. 

The Leffel Turbine. This method of 
regulating the water supply by means of movable 
pivoted guide vanes is carried out in the 
Leffel turbines, and others modelled after them. 
Figs. 192 and 193 show’ this mechanism in sec- 
tional plan and in external plan respectively. 
Tlie gates are operated from a central disc. A, 
which is moved by a pinion, B, and segmental 
rack, C. The levers seen pivoted to this disc 
regulate the amount of opening of the gates D. 
A fender opposite each gate relieves it of the 
pressure due to head of water, so that it can 
be moved readily. 

Fig. 194 show’s an improved form of wheel 
brought out by the Leffel Company, which they 
have christened the Samson. It is a double 
wheel, retaining the gates, not show’n, of 193. 
Each set of buckets receives its ow’n separate 
quantity of water. 



The Little Giant. This tarbine is of 
the mixed flow type The water enters radially 
horn without, and discharges axially. But the 
water enters into two sets of vanes, divided by a 
partition, and escapes through two sets at top 
and bottom [195 and 196]. These stand out 
from the sides of the wheel very much like 
cowls. It may, therefore, be described as a 
double turbine, in one casing ; the upper tier 
of buckets discharging at the top, and the lower 
tier at the bottom of the case. This turbine is 
well adapted for part gate working, or for those 
conditions in which the water supply is variable, 
and deficient in amount in dry weather. Regu- 
lation is effected by an iron division plate that 
passes horizontally through the turbine casing, 
and divides it into two compartments, corre- 
sponding with the two tiers of buckets. The 
water supply is regulated by a sliding gate 
w'hich admits the water to both tiers of buckets, 
or to the lower tier only, according to whether 
it comes dowm to the division ^ate or not. 


turbines being laid down, three in number, 
are of 10,250 h.p. each. 

The combination of radial and axial flow 
with the curvature of the vanes, which causes 
the water to leave them in a direction parallel 
with the axis [198], is the secret of efficiency. 
The point is that the radial flow is change 
into the axial while the waU^r is in the buckets, 
instead of after it has left them. In the latter 
case there w^ould be kinetic energy still in the 
water, which means waste. Fig. 198 shows two 
Francis turbines, by Jens Orton-Bbving. 

Advantages of Turbines. The story of 
the turbine, like many another piece of engineer- 
ing, is one of development. The old Fourncyron. 
of sixty years ago, w’as a wonderful machine. 
The moat successful machine of the present day is, 
in a sense, a Fournevron reversed. The Francis 
is a radial inward flow’ turbine, the fixed guide 
w’heel surrounding the movable wheel. Turbines 
may lx* single, double, treble, or quadruple, with 
corresponding increase of speed. A great 



eflSciency is as high in proportion as when 
working at full gate, which would not l>e the 
case but for the division into two sets of buckets. 
It is of the drowned type, the tops of the upper 
buckets being about 3 in. below the surface of 
the water in the turbine pit. 

The Hercules Turbine. This turbme, 
the wheel of which is phown in 197, is of the mixed 
flow class, inward and downw’ard. It is of the 
regulating type, a cylindrical gate between the 
guide passages, and wheel opens or closes the 
rows of buckets. It is a reaction wheel. 

The Francis Turbine. This is an old 
type, which has suflered from neglect until 
recent years. It has been revived, notably by 
the Swiss firm of Escher Wyss & Co., and the 
finest installations of this type are those of the 
Niagara Falls Power Company, and the Canadian 
Company. In the former, there are ten of these 
turbines of 5,.500 h.p. each. In the latter, the 



advantage which the turbine has over a water 
wheel is that its axis can be set horizontallj^ 
just as easily as vertically. It is a ques- 

tion of bringing in the water. This question 
has assumed great importance sinee the practice 
of coupling dynamos direct to turbine shafts 
has b(*come so general. This is impossible with 
a common water-wheel, because tlie speed ot 
revolution is never high enough for electric 
driving. Dynamos are coupM to vertical 
shafts, but it is preferable to have the shafts 
horizontal when practicable. Fig. 199 illustrates 
a turbine drive for an electric installation, by 
J. O. Bdving. Here there are four turbines, 
A, A, A, A, driving on one horizontal shaft. 

The objection to placing the axis of a turbine 
vertically is the difficulty of supporting the 
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central revolving shaft in a suitable bearing. 
Another is that this position is not so suitable 
for direct driving of dynamos and shafting as 
the horizontal. Hence the reason why very 
many turbines have their shafts horizontal, as 
in 199, running in good bearings, and coupled 
direct to dynamos, or belted to machinery. 

Water and Electricity. The poten- 
tialities of water power have been utilised 
to a far greater extent since the installa- 
tions of electricity have come into existence. 
There are hundreds of thousands of horse power 
which could not have been enchaintd without 
the electric conductor as an ag<‘nt of transmission 
to distant industries. In ('anada, the Ignited 
StaUiH, California, Switzerland, and Italy, Franco, 
(jJermany, Sweden, and other lands, rivers and 
falls which have run to waste for thousands of 
years, have, within the lost ten years, been made 
to supply electric light and power. Gradually 
the oistances of transmission have increaseo, 
until the 2(K)-mile limit has been passed, and 
cnginc*ers now talk of 50()-mile possibilities. 

Water power ha.s the advantage of being the 
cheapest jiower agency. It will give hack from 
70 to 80 per cent, of work, against, say, the 
20 to 25 }x*r cent, of steam engines, and 30 jkt 
cent, of gas engines. The limitations to distance 
no longer exist, as they did in the old days 
when iK'lts and rojxjs afforded the only means 
of transmission. 

Large and Small Water Supplies. 

There is no difficulty in dealing with a constant 
and large flow of water. Even efficient water 
wheels can 1m* constructed for such conditions. 


A high speed would be desirable in some cases, 
such as for driving dynamos, but for slow running 
machinery a sloiny -running turbine is preferable 
to reduction gear. But a large turbine costs 
more than a small one, and, being heavier, 
entails losses by friction. Hence there is 
no one type of turbine which is adaptable 
to all conditions, and there is, as the present 
article shows, a wide range of choice, so that 
an engineer who understands his “work can 
always, knowing the governing conditions, 
advise as to the best for any given case. 

Turbine Economy. An important 
feature in turbine economy is the governing 
of the 8]M?ed and power. To use more water 
than is necessary is wasteful, besides which 
speed must not exceed required limits. In 
water-wheels the supply is regulated by a gate 
in the head race, and the height of this, again, 
is under the control of a speed governor. In 
drowned or reaction turbines it is necessary that 
the buckets Ije full of water. In order to regu- 
late the flow', the buckets are divided as we have 
showm, and the openings to each series can , 1)0 
closed with a sliding gate, so shutting off the 
W'ater wdiolly from either one or tw'o. 

England is not a land of turbines, nor is she 
ever likely to l)e, l)ecau8e conditions are not so 
favourable as are those of more mountainous 
countries. Low falls, little head, and variation 
in quantity in w'inter and summer are not 
favourable to turbine driving. If there is a 
reasonable head, there is little water; if there 
is a flood there is little head. 

A consideration which often arises in the 


It is when the fall is low and the volume small, 
and also variable, that the hydraulic ^ 
engineer has to weigh well the relative 


choice of a turbine for low' and fluctuating falls 
is that of the necessity for auxiliary 
pow'er. In many such cases water 





201. (JIRARI) TURBINE: 
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merits of reaction and of impulse 
turbines, ^lany WTighty considera- 
tions are involved, one of the 
principal of which is the problem of getting 
a turbine that will work satisfactorily at jiart 
gate, as it is termed. Another is the 
question of speed. The higher the fall, the 
smaller is the turbine, and the higher its rate 
of revolution. With low falls the turbines 
must be of larger radii, and they revolve more 
slowly. Then the question of the nature of 
the work they have to do must he considered. 


power has been supplemented by 
that of a steam or gas • engine 
plant as a stand-by. Sometimes 
this is necessary, but often it need not be 
if a suitable turbine, meaning by that one 
capable of working well in part gate, has been 
selected. Often, also, a storage pond could be 
employed, in which water might accumulate at 
suon times as the services of the turbine 'were 
not required, as at night. 

Girard Turbine. Fig. 200 illustrates 
a Girard turbine bv Messrs. Gilbert Gilkes & 



CSo., liUL, from which a very good idea may 
be gathered of the meommioal details of 
oonstmction. It is of the same type as 
the buckets shown in 109, and is, therefore, an 
impulse turbine. The inlet pipe is seen at A, and 
the shaft is horizontal, and therefore a dynamo 
can be directly attached to the coupling B. 
C is the handle for regulating the gate D. 

Fig. 201 shows a complete installation by the 
same firm. The turbine has a vertical shaft with 
a suspended form of bearing — a design which js 
largely displacing the old footstep bearing. 
Here the drive is through bevel gears and belt 
to the dynamo seen at the ex- 
treme right. The ^ levels of 

the head and tail \ waters 
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are evident, and also the forebay or strainer 
to the left, and the regulating sluice imme- 
diately in front of it. Tne regulating 
mechanism for the gates is seen to the right of 
the turbine, operated by a hand wheel at the 
top. The brick linings, timber frames, and 
timber and steel joists, with other details, are 
app^ent. 

Home-power. To find the horse -power of 
water in motion, multiply the quantity of water 
in cubic feet per minute by the weight of 
a cubic foot = 62J lb., and by the height of the 
fall in feet, and divide the product by 33,(100. 
This is only the theoretical power. Of this a 
good turbine will utilise 75 to 80 per cent., and 
water-wheels, the breast type excepted, from 
50 to 60 per cent. The height is measured 
from the level of the water in the head race 
to the level of the water in the tail race. 
Another method of reckoning the power of 
water is that used in California and termed 
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the miner s inch. It denotes the quantity of 
water that will flow in a minute from an orifice 
1 in. square under a head of 6 in., and is equal 
to 7U cubic ft. per minute. Tables are prepared 
basea on this. The quantity of water in cubic 
feet is measured by a notched board set across 
the stream as follows. 

A length of from 50 to 100 ft. is selected, as 
uniform in section as possible, and its area of 
section is obtained by multiplying the average 
width by the average depth. A stake is driven 
at each end of the length selected, a float thrown 
into the middle of the stream a little above the 
first stake, and note is made of the exact tim^ 
it occupies in passing from one stake to the 
other. Tliis should be repeated several times 
to obtain the average speed. A bottle partly 
filled with water to float upright, or a piece 
of wood are suitable floats. 

To find the quantity of water passing, 
the sectional area of the stream is then 
multiplied by the length taken, and by 60, 
W and aivided by the time taken in seconds 
Viy the iloat in passing over the m^^osured 
5® length. A deduction must be made for loss 
due to friction at the bottom and sides of 
the stream, which may be taken at about 
20 per cent. 

Notched Board Measurements. 

Another method is that of a notched board 
or tumbling bay [202] placed across the 
stream to pass a given quantity of water over 
the notch, so forming a weir. The notch 
may be of any depth, but the lower level of 
the water should be at least a foot below the 
bottom of the notch. Its width, A, is about two- 
thirds the width of the stream, C. The bottom 
of the notch in the dam must be level. The dam 
should be of sufficient height to produce a still 
reach of stream above, so that tne water shall 
flow over without appreciable velocity. A stake 
is driven near the bank for convenience in taking 
measurements. It must be far enough up the 
stream, B, to be unaffected by the curvature of 
the surface of the water passing over the weir, 
say 6 feet. The edges of the notched board are 
bevelled on the down side to nearly a sharp edge. 
When the dam is placed in position and tne 
water obstructed thereby, the height to which 
the water rises up the stake indicates the depth 
of water flowing over the weir. When the 
w’ater has ceased to rise alx)ve the weir, the 
depth from the surface to the top of the stake is 
measured. The width and depth are the data 
from which the quantity of water in cubic feet 
per minute are obtained from weir tables. 
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beginning or end of tbe letter, starts on 5, 
each of the following lines being indented five 
spaoes. 

In displaying the wording on the envelope, 
the student most exercisediscretion. as the effect 
necessarily de^nds on the length and style of 
the address. In such an address as 

Llewellyn Baumer Esq,, 

37, Albany Road, 

Haiqpatead, N.ir, 

each line is indented about nine spaces, although 
" in the case of a long address single spacing should 
be used, and the steps closed up a little more to 
prevent a straggling appearance. 

Mr. Wiiiian Dlmadaley 

Dept. 7, 

The Roxburgh Printing Co., 
Wellington Road, 

Bournemouth, w. 

Ill such an address, an indention of five spaces 
in each line is quite sufficient for display. Where, 
as in this case, a very short line comes between 
two longer ones, it should be centred. 

An address of two veiy unequal lines should be 
wxitten in this M’ay : 

Meaara. Johnston g Turner, Ltd., 
YORK. 

If ordinary envelopes are used, the flap should 
lie opened out before inserting it in the machine, 
to get as even a surface for the type as possible. 
Of course, the best results arc obtained by using 
those with square flaps, which are specially made 
for this purpose. 

Mistalies. Although it should l)e used as 
little as possible, it is perhaps as well to assume 
that the student may occasionally have to resort 
to tile eraser. For a serious error, it is very 
often the wisest course, and in the long run the 
quickest, to tear out the sheet and start again. 
ViTiere this cannot be done, a piece of the 
special type’\^Titer eraser which can be bought 
at any stationer’s — the round pattern with the 
little metal disc is bv far the best — should be used. 
Ibe student should never attempt to erase a 
letter from a sheet of thin paper which is not 
protected from the roller by a “ backing ” 
sheet. It is important that such a sheet — any 
paper of a fairly thick substance will do — 
should be placed next the roller when foreign 
or thin paper is used. 

The rubber is used acros^^ and not doum the 
paper, so that the faint smear, wHiqh it is almost 
impossible to quite get rid of, is hidden by the 
wcuds on either side. 

In a very few cases it is allowable to write over 
a letter. An e, for instance, may be written over 
an o, a / over an i, an o over a c, and so on ; but 
this should only be deme where the correction 
is not apparent. 

When writing at highspeed the space between 
two words may sometimes be forgotten, .which 
win quite spoil the effect of a page, liany people 
2 n 


are content to run a line throu^ to divide them, 
either using the shilling mailc, which is bad, 
or a pen, which is worse. Nothing spoils a page 
of typewriting so much as an ink t'orrection. 
A far better way of getting out of the difficulty 
is to rub out the last two letters of the first 
word, pull the paper along half a space, write 
one letter, pull it along the same distance, 
and write the other letter, thus getting three 
letters within the space allowed for two. This 
needs practice and a nice judgment, Vmt the 
effect is worth the trouble. 

Centring. Where it is neet*Hsary to 
“ centre ” a heading, the number of words — 
including the space between each — should 
counted and subtracted from the number of 
units on the scale bar [72] minus the margin, and 
the result halved. Then add the margin, and you 
have the exact figure on w'hich to start the line. 

In other words, find out the number of spaces 
your heading takes (say 30), subtract it from the 
actual working line (62 — wo will assume a 
margin of 10), and you have 32. Halve it, 
(16) ; add the margin (10), and 20 is the number 
on which to begin the heading. 

If it is remembored that the heading has to 
come in the. centre of the typewritten manuscript, 
the calculation becomes quite simple. In the 
case of a second heading following immediately 
below, the bottom line is sometimes improved 
by being spaced out. especially if both lines are 
of equal length. One space should then be left 
between each letter, ana two between the words, 
as in 

SILF EDUCATION 
KEY TO SUCCESS 

Tabular Work. For setting out columits 
of words or figures, the quickest way is to typo 
out the top lines on a rough sheet of paper, see 
exactly how l>ost to arrange the columns, and 
make a note of the numbers on which to begin 
each set of figures. 

Supposing one has to type five sets of figures 
to the line, it is quite easy to divide the columns 
up equally and remember to start the first 
letters of each on 5, 20, 35, 50, 65. It also avoids 
the necessity of lifting the carriage repeatedly, 
which obviously wastes a considerable amount 
of time. 

Tabulators. Where a great deal of this 
class of work has to be done, it is desirable to have 
a device which is known as a “ tabulator ** 
fixed on to the machine, which automatically 
shifts the carriage from one fixed point to another 
without the use of the space bar. 

Poaltion. It is important that the operator 
should be seated comfortably. The correct position 
is that in which the elbows of the typist come 
about level with the keyboard. If pofwihle one of 
the tables specially designed to hold typewriting 
machines should be used. The chair, too, 
should receive consideration. Those with a 
small, hard seat, and a strai^t back are most 
comfortable. \^ere much cop 3 ring from manu- 
script has to be done a “ copyholds ” is a great 
conffort. It saves tmneoessary bending, and 
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if placed behind the machine, does much towards 
preeerving the eyeeighi. 

For the figure 1, the flmall “1 ” i» u«ed, and, 
for the nought, the capital “ O.” 

CARBON WORK 

Wlien two or more copies of a page are wanU*d, 
a “carbon ” is placed between each sheet, so that 
the shiny surface touches the )>age on which the 
impression is to be made*. Great care roust 
Ije taken in arranging the pages to see that some 
of the sheets are not reversed, or the result will 
not be a happy one. The surest way to avoid 
this is to lay the tyj>ewriting paper before you, 
heading upwards, and place the carlx)n so that 
the shiny surface covers it ; then the next sheet 
with the heading up and carlsm face down- 
wards, and so on. 

Thin paper must be uttt‘d for this work, with 
the exception of the bottom sheet, which, to 
get the best results, should of thicker make. 

The keys should he struek very sharply for 
cartam work, and care taken to avoid handling 
the sheets more often than is aVisolutely neces- 
sary, OH even the >K*st makes are liable to 
smudge. 

Erasures in carbon work should not be made 
in the usual way, or the preparation on the 
surface of the carbon will smear. Tnc bc'st 
way to remedy an error is to turn back the 
roller n little, insert a piece of paper l)etw'een 
each carbon sheet and the wTiting, and rub 
out the wTong lett<»r on each sheet separately. 
Tlie Hli|)H of paper can then be removed, and 
th(‘ letter or word re-typed. Hut the operator 
must l>e careful that in tuniing back the roller 
the “ pad " is not shifted. 

If a faint, dark iinpresiuon app(^ars on the 
sides of the copies when the w'ork is taken out 
of the machine, it is probably due to the 
fact that the little rubl»er clips which hold the 
paper firmly to the roller have not Is'cn pushed 
back. 

MANIFOLDING 

It is Hometim.'s neeessarv to take 50 or 1(K), 
or more, cojiies of a single sheet of typewritU'n 
matUT when there is not time to ty|M' each page 
separately. Tlu' process by which this is effected 
is known os maniftUdinj. 

The mctluKl is very simple, and easily ex- 
ulaimMl. In the first place, the ribbon has to 
l)e removed, or. in some machiner, merely put 
out of giar. The words art» then typed on to a 
wax shiH't, which. bt*ing soft and iraprt^ssion- 
ahlc, receives the ptTf orations of the type 
letters. Through these, by mcane.of a du})licator 
(which may be purchased for almut £2), the 
ink passes, and so leaves an impression on the 
l>aper. 

Method. When the student has removed 
the ribbon, and seen that the type is perfectly 
clean, he should take the yellow’ oiled sheet 
from the roll supplied with the machine, and 
place it in the centre of the wax. Fold over 


very carefully the top and the aides, and then 
place' over them the tissue sheet (which is 
merely to protect the wax), and tom in the 
top edge slightly to prevent ita slipping when 
it is put in the machine. 

As in carboning, the rubber clips on either 
side of the roller should be remov^. 

Then put the pad you have made into the 
machine just as if you were feeding an ordinary 
sheet, so that the impression is made directly 
on the tissue sheet. The mattci must be very 
slowly and carefully t^ped, as mistakes are 
not easy to rectify. The keys should be struck 
evenly and smartly, but the ^‘o’s “ must have a 
lighter depression, or the centre of the letter 
will fall out when the wax sheet is removed, 
and cause the ink to make a blot on the 
paper. 

Mistakes may be erased by means of a special 
varnish, but it takes some little time to dry, 
and should, therefore, only be used as a last 
resort. 

When the matter is typed, take away the oiled 
sheet, and then, very carefully, the tissue, 
which will need careful handling to prevent the 
surface of the wax being spoiled. All that we 
arc concerned with now is the wax sheet, or 
“steneil, ’ w'hich is placed, face upwards, on 
the duplicaU)r and covered with the “flimsy.” 
Unfasten the steel frame, phM'e it under the 
w'ax sheet, and then, with the sheet round it, 
lift it and fix it back into its place at the top 
of the apparatus. 

The stencil must be very carefully adjusted. 
When in fwsition it should be stretched aw 
tightly as possible without tearing it. It must 
also [>0 rcmcml)erod that the least crease or 
crack on the wax sheet means an undesirable 
jicrforation, and so renders it unusable. 

Now turn to the slate, on which enough ink 
should be squeezed to make a thin paste when 
rolled out, and evenly distributed. Next lift 
the upper part of the machine, eover the “ base- 
board ' with blotting pajH^r, replace the former, 
and pmis the ink roller firmly over the stencil. 

Pass the roller backward and forward imtil 
the impression is seen plainly on the blotting 
paper, which should Ijc renew’ed two or tliree 
times until every letter is quite clear. 

1'hen the sheet on which the impression is to 
l>e m vd»* can be put over a clean piece of blotting 
paper, and as man} impressions rolled off as 
lU’oessary. From a carefully prepared stencil, 
301), or more, copitw may be taken. 

Two points should he remem l)erod. In 
typing matter for manifold work see that 
each letter is struck with a uniform force ; 
and use only just suflScient ink on the roller 
to give a clear, sharp result. 

Tlie process w'hich has been described applies 
particularly to the “ Ellam's ” Duplicator. If, 
however, the ‘*Rcn'M>“ is to be us^ practically 
the same instructions apply, as in both c-as 38 a 
stencil has to be prepared. 


Coniinued 
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ropen, by W. AT. Avery, Ltd., Birmingham, i« 
shown in 101. It ie apecially designed for prov- 
ing wire and hemp ropes at any part of their 
length without destroying the ropea, and in 
addition for testing specimen lengths of rope. 
For proving up to a specified strain a rope after- 
warciM to be used, the rope is passed 
through the gripping dies without 
l>t‘ing cut, and the section between 
the dies is proved up to the desireci 
strain. Any nuinlK*r of such si^ctions 
can be proved without destroying 
the rop<% w'hich is invaluable for 
insuring the safety of rope in use, or 
mt<‘nded for use. For testing the 
breaking strain, a section of the rope 
is cut off and tested to destruction. 

The machine is entirely self-con- 
tained, the pressure being supplied by 
means of a hydraulic hand-pump car- 
ried und<*r the frame, and the whole machine is 
mounted on four whends, the front pair of which 
are made to swivel to facilitate removal from 
place to place. The strain applied is indicated 
on an automatic dial, the ultimate strain being 
marked by a loose rv'gist-ering finger. A graduated 
elongation scale indicates the extension of the 
Hjjecimen under test. 

Strength of Chains. Chains used for 
lifting loads arc made of wrought iron, in plain 
oval links, the length over all Inking about 41 
times tdte diameter of the iron from which they 
are made, and the w idt b -ji j ^ ^ff Sics. They are 
hnoan as “ VieKt te.stcd short link crane chains." 
The oval form causers each link to act as a very 
stiff spring, and minimises the shock from too 
sudden a lift, or a surging of the load. The 
b'llnwing table from the writer’s “Handbook 
for Mechanical Kngincers " gives a summary of 
the strength of chains; 
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Iron with the maHc (Crown SC) breaks with 
an 1 Itimate stress of 26 tons per sq. in. A A in. 
chain should therefore break with a load of 
1.3 tons, but a test piece 4 ft. long usually breaks 
w ith a load of 9 to 10 tons, generally opening at 
the welds. These chains are tested Iwfore use 
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with a maximum load of 4J tons, and used on 
coal cranes to lift a gross load of 1} tons. Under 
these conditions, a good chain, properly looked 
after, will make from 100,000 to 150,000 lifts be- 
fore it is worn out. It may occasionally fail in use 
although so large a margin for safety is adopted 

Chain-testing Machinea. It is usual 
to test new chains for proof strength in succes- 
^ sive portions up to 30 ft. long each in such a 
machine as 102, by W. H. Bailey & Co., Ltd., 
of Manchester, and then *o examine them after- 
wards very carefully link by link to sck) that no 
welds have opened, and that no other flaw du^* 
to had workmanship is* showm. The machine 
eonsists of a strong girder frame with a hy^lraulif* 
pulling cylinder fitted at one end.' The cylinder 
is worked by means of a hand-pressure pump, 
or it can be coupled direct to hydraulic- pressure 
mains. A gauge is provided on the cylinder 
for indicating the strain on the test length of 
chain. Old chains are sometimes tested in a 
ina''hine, hut this is a dangerous practic?, as they 
may lx* strained beyond the elastic limit without 
s’low’ing any external evidence of damage, and 
then fail in work from no apparent cause 
It is much safer to pass old chains through an 
annealing furnace and then examine each link 
carefully over the point of a smith’s anvil. This 
at least is the writer's view, based upon a very 
w ide experience in the practical use of crane and 
lift chains. 

A 4 ft. length of chain from each batch of 
new' chains should l)e tested to destruction 
to prove the ultimate strength and the quality 
of the workmanship. 

Testing Wire. It is well knowm that a 
metallic wire w'ill withstand a much greater in- 
tensity of stress than a bar or plate of the same 
material. This is no doubt owing to the effect 
of drawing it through the dies in the process of 
manufacture, which tends to increase the length 
and reduce the secUonal area of any inferior 
portion w'hich may be mixed up with the other, 
so that a better average will result. 

Wire - testing Machine. A suitable 
machine, by W. A T. Avery, Ltd., for testing 
either small or large wrire is shown in 108. 
It may be used for ascertaining the breaking 
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strain and elongation of wire, metal strips, 
cycle spokes, small specimens, etc. The strain, 
up to a maximum of 7,000 lb., is applied bv 
worm and wheel gearing actuate by a hana- 
wheel, and is indicated in single pounds on the 
steelyard by a sliding poise with revolving 
graduated dial. The st^lyard is balanced 
entirely by the sliding poise, thus dispensing 
with the use of loose weights. The sliding 
poise is moved along the ste^yard for balancing 
by special gearing connected with a small hand- 
wheel fixed on the frame of the machine, w’hich 
ensures a ^'continuous steady strain, giving 
absolutejy ^accurate results. This is a great 
improvement bn the old hand method, as it is 
impossible to put the strain on suddenly. Quick 
return of the die -box after fracture of the 
specimen is ensured by an instantly operated 
arrangement of change wheels. A graduated 
scale is provided for recording the elongation of 
the specimens. The two hand- wheels are con- 
veniently arranged so that specimens can 1 k‘ 
tested by one operator. Sets of dies are supplied 
to auit various gauges of wire, and by means of 
these the specimens can be speedily and etfectu- 
ally gripped. 

Testing Yarn and Fibres. There are 
many instances where it is desirable to as- 
certain the strength of fibre, and something 


MSTciiuaa ANP amu^Tuma 

Sea Islands .. 83 ’9 Pernambuco .. 140*2 

Queensland .. 147*9 New Orleans .. 147*7 

Eg>'ptian .. .. 12*72 Upland .. ., 104*S 

Maranham .. ..107*1 Surat (Dhollerah) 141*9 

Be^ela .. .. 100*6 Surat (Uompt an) 193*7 

Testing Cloth and Canvas. The 
British Admiralty test the cloth and canvps 
supplied to them by the machine shown in 105, 
made by W. H. Hailey I't (b., Ltd., of Man- 
chester. It will take any size piece up to 24 in. 
in length and in. in width, lo ensim* accurate 
results the machine is tested by dead weights 
before the dial is graduated. This machine 
works up to a maximum pull of (ICH) lb., but s 
slight increase in dimensions would enabh 
it to be used for testing leather belting. 

Leather Belts. The thickness of leatlier 
lielts varies from yji fo i in., and the iiltiiuate 
strt*ngth of the leather is about 3,08b lb. per 
square inch. The strength of leatht‘r belting 
|)er inch of width is a.s follows : 

Breaking Safe work- 
Strain. ing Strain. 

Through solid part . . 075 lb. 225 lb. 

Through riveting . . 382 lb. 127 lb. 

Through lacing . . 210 lb. 70 lb. 

and as the lacing is the w eakest part, the strength 
of a laced belt must Ik* meaHured bv it. Roughly, 
it may bt^ stated that a leather belt will transmit 
1 h.p. per inch of width. 



lighter and more delicate in construction than 
the machines already described is necessary. 
A very convenient yarn-testing machine, by 
W. & T. Avery, Ltd,, is shown in 104 . It is 
designed to ascertain the breaking strain and 
elasticity of all kinds of yarn, etc. It is fitted 
with ratchet quadrant and positioning pawl, 
which engages the poise in its exact position at 
the moment the specimen breaks, thus ensuring 
the exact strain applied being indicated. The 
strain is appUed by means of a hand-wheel and 
gearing, and is indicated automatically on a dial. 
A graduated scale is attached for indicating 
the elasticity and elongation of the specimens, 
and special ch|>8 can provided by means of 
which single threads can be tested. The larger 
sizes can, if desired, be made to drive by means of 
mill power in addition to the hand-wheel attach- 
ment. 

StrenA^h of Cotioo Fibres* Mr. O'Neill 
some years ago made many experiments with a 
view to obtaininn the strength of the different 
fibres, and the fouowing table, compiled by him, 
will be of interest to the general reader ; the 
figures indicate the mean breaking strain in 
grains. 


Strength of Glaaa. in some ex{X}riineiUs 
on the transverse strength of gloss carried 
out by the wTiter, the safe load in cwts. distri- 
buted, allowing a factor of safety of 4, was 

found to be Jui .— , where 6 = breodfh in 

inches, d - depth or thickness in inches, L — 
span in feet. Thick glass is often used in floers, 
to give light below. It is then sunk flush in a 
frame, so that the thickness Ijecomes depth, 
the shortest width becomes span, and the 
breadth may be taken the full length of the 
sheet. For example, if it l>e reauired to find 
the thickness necessary for a sheet of glass 
15 in. wide and 3 ft. long, to carry a safe load of 
IJ cwt. per foot super, we have 1*5 x 1*25 x 3 
=5*625 cwt. total load = W. Then the span 
must be taken the short way of the glass, or 
1*25 ft. = L, and the breadth (b) will be taken 
the full length of the sheet ~ 36 in., and the 

i A f erntt. *75 X 36 X 
equation stands as 5*625 » 

. „ 5 625x1*25 ^ 

w hence = — 75~7~36 ’ ^ ~ 

*5 or I in. 
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' i08. \VIRE-TE8TIN0 MACHINE 

III n warcliouHc M’lierr heavy casea may be 
mnved about, the corner of a cose may be 
drop|K*d .ufKin the centre of a aheet, and a very 
large iiuirjfin of strength must bi* provided for 
Kueli aeontingeney. J^ohably double the aliove 
Ihiekili^^Would not In* too much to meet such 
a ease. For practical use this may be reduced 
to H very simple formula as follows. Fora 
safe load of 1 cut. |x*r foot super make ^ 
thieknesK in inches one-third of narrowest ^ 
width in hn-t ; for IJ cwt. a thickness of 
four-tenths ; and for 2 cwt. a thickness of 9 
onc’-half ; and for a w arehouse to allow for 
heavy loads and rough usage, the thickness ^ 
in inches may equa] the width in feet. 
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Testing Indiarubber. Indiarubber. for 
mechanical uses, should not gi\o the slightest 
sign of ftupcrticial cracks on being bent to an 
angle of 18tr afU'r tivc hours' exposure in 
a closed air-bath to a temperature of 257^ F. 
The test pieces should l>e about 2^ in. thick. 

Rubl>er containing not more than 50 per 
cent., by weight of metallic oxides should 
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stretch to five times its length without break- 
in^ 

Pure esoiitehouc, free from all foreign matter 
except the sulphur necessary- fhr* its vulcanisa- 
tion, should stretch seven times its length 
without breaking. 

The extension measured immediately after 
rupture should not exceed 12 per cent, of the 
original length of the test-piece. The test- 
pieces should be from ^ in. to J in. wide, and not 
more than j in. thick and 1} in. long.. 

The percentage of ash gives a certain indica- 
tion of the degree of softness, and may form n 
basis for the choice between different qualities 
for certain purposes. (Vladimiroff.) 

Practical Testa. Three 
test-pieces shall bo cut. each 2 in. x 2 in. x 1 in. 

1. This piece shall float in fresh water, and 
he retained for future reference with the datt 
and name of maker written upon it in ink. 

2. This piece shall lx* screw'ed up l>e.twven 
two plates to a thickness of | in. and left in a 
temperature bt'twoen 50”* and 70" F. for 21 
hours ; the permanent fM‘t or loss of thiekiv^S'< 
one hour afUr lelease shall not exceed 12} jx-r 
cent. := j in. 

3. This piece shall suffer 10,000 machine 
blows at the rate of 121) per min., each com- 
pressing it to 3 in. thickness, with a permanent 
K3t not exceeding 12} jier cent., and without 
cracking at the edges. 

IndiarubUr washers are used to form a 
closing spring on the spindles of mushroom 
clack valves. Hy experiment thc,> 
eompr€)S8 one-third of their thick - 
in ordinary w^ork, and the 
same amount of compression is 
obtained by a direct load of 1| cw't. 
|x‘r square inch on the india- 
93 ®^ ^ rubber. 

j Gutta-percha used for rings 

- I in the joints of hydraulic pres- 

sure pip(‘S should become plastic- 
atlfiO F. 

Testing Pitch. Ow ing to the 

extensive removal of the oils from 
coal-tar pitch, it is very frequently 
j j much too brittle, and requires u 

> larger proportion of creosote oil to 

! lx? mixed wdth it than formerly to 

- ! , bring it to the proper consistency 

\^ui^ for use. When uscxl os grouting 
^ 1 I for granite pitchers for road pav- 

j ^ ing, the addition of creosote oil 
; ^ varies from *25 to 6.5 gallons per 

ton of pitch, according to it-^ 
quality, and rather more for w’ood 
block paving. A test of pitch of 
"• the proper quality is as follows 

“ The pitch, when immersed in 
w'ater for five minutes at a tem- 
perature of 60° C. (140° F.). 
104 . MACHINE shall twist without breaking, and 
FOR TESTiNti melt at 100° to 115° C, (212° to 
YARN AND 239° F.). It must remain hard 
FIBERS at the normal temperature, and 
be capable of carriage in bulk. Its fracture 
roust be dead black, and not greasy to the 


YARN A 
FIBRES 




touch ; it must be £ree from yrnter, earth, aad 
other substances not found in the distillation of 
tar/' (Holt.) 

Streafth of Bolts. For structural work, 
bolts mav be strained to 3 tons per square inch 
of minimum section, but bolts in machinery 
subject to varying loads should not be strained 
to more than 2 tons per square inch of minimum 
section. A bolt 1 in. diameter, being *84 in. 
diameter or *55 sq. in. area at bottom of thread, 
will take no more than (say) 2,000 lb., including 
initial strain in screwing up. 

Let d = outside diameter of thread in inches : 
2,000 (t‘ - safe load in lb. for 1 in. bolts and 
upwards ; 2,000 cP = safe load in lb. for 1 in. 
bolts and under. 

The ordinary force used in 8crew*ing up bolts 
is liable to break a f in. bolt and seriously injure 
a J in. bolt ; hence bolts for joints requiring to 
be tightly screwed up should not be less than 
i in. in diameter. 

The approximate area of Whitworth bolts at 
l)ottom of thread = diameter of bolt in eighths 
of an inch x (diameter in eighths of an inch - 1) 

H- 100. 

Whitworth Standard Bolts and Nuts. 

The Whitw'orth standard thread is a V- 
thread with an angle of 55 degrees, the depth 
equal to 64 j>er cent, of the pitch and one-sixth 
of the depth rounded off at top and bottom. It 
is now universally ustd by English engineers, 
whereas formerly each manufacturer cn^ated his 
own standard, so that the nuts made by one 
would not tit the bolts made by another. The 
thickness of the nut is made equal to the 
diameter of . the bolt and the thickness of the 
head is made three-fourths of the diameter. The 
adjoining table gives the proportions, and a 
standard engineers’ bolt is shown in 105. 

Bolts for Steam Cylindere. When 
bolts and nuts are used in connection with steam 
machinery it is necessary to use more cautjon. 
The following are the usual rules (I’nwin). 

iVr sq. in. 
net ami. 

(ff) Bolts not requiring to be^ 
tightened Indore load is applied, ( Safe load = 
aU) (f ) when cylinder exceeds 60 j 6,(KK) lb. 
in. diameter. J 


•HATlIMAtS AMD miUOTUIICD 

Per sq. in. 
net area. 

(h) Bolts accurately fitted and'v 
requiring to l>e tightened moder- 1 Safe load - 
at^y. also (r) when cylinder ex- j 4,000 lb. 
ceeos 20 in. diameter * 

(c) Bolts used to draw joints 
steam-tight and resist the pressure 
in addition 


For Hange studs the rules are : for small 
cylinders allow 2,700 lb. per sqare inch of net 



105. MAOHntB FOB TESTING (LOTH AND 
CANVAS 


(over 18 in. diameter) allow 3,000 lb. per square 
inch of net section. 

Carpenters* Bolts. The standardisation 
of bolts has not yet quitt* reached to thosc^ 
for earjicnUws' use, but tlien^ is every reason why 
it should Ik*, effeetcul. Much ignorance of the 
functions and strength of bolts is often dis- 
played in heavy timber work, where it is 
essential that good judgment should ho 
shown. 

The propfirtions adopted by the writer for 
many years and found to work well in jiractieo 
are given on the next page. 


I Safe load - 
J 2,000 lb. 


WHITWORTH STANDARD HOLTS AND NUTS. 


Ditirii. 
of holt 
iit 

Tlm^wls 

IK-r 

incli. 

Diani. 
at bottom 
of thread. 

Area 

at l>ottom 
of thread. 

ThaknoMM 

of 

IicikI. 

over 

flatH. 

Dimri. 

over 

Dimn. i)( 
tiippm« 
hole. 

1 

12 

•39,32 

1215 

'4375 

•9191 

1 0612 

ill 

r. 

11 

508fl 

•2030 

•546H 

1 • 1010 

1 2713 

l + i/ti 


10 

•6219 

•3037 

•6.362 

1 .3012 

1 -5024 



9 

7327 

4216 

•7656 

r47H« 

1-7076 

i 


8 

•8399 

•.'»540 

•8760 

1 6701 

1 9291 

1 

li 

7 

*0420 

•6969 

'9483 

1 8606 

21483 

U + A 

U 

7 

1 0670 

•8941 

1 *0937 

2 0483 

2-3661 

lA 


6 

1 *2866 

1 *2998 

1*3126 

2*4134 

'2-7867 

I A 

U 

5 

1-4938 

1 7626 

1*6312 

2 7676 

3-1844 

11+ A 

2 

41 

1’7164 

2*3110 

1*7600 

3 1491 

3 6362 



4 

2* 1798 

3-7300 

2*1876 

3-8490 

4'5(K>0 

2,i 

i 

H 

2*6340 

6-4610 

2 6250 

4 '6310 

6*2320 

21 
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rROIH>RTIONB OF BOLTS. KUTS AND 
WASHERS IX CARPEXTRY. 


SPECIFIC GRAVITY AND WEIGHT OF 
COMMON SUBSTANCES ’ 

NOT PREVIOUSLY GIVEN. 


f Thicknftiw of nut 

1 diameter of bolt 

ThkknMMi of liend 

i 

1 Diametor of h€*ud or nut 

over sides 

li 

Side of sciuare WH«her f<»r 

flr 

3i 

8ulti tif Mciusre wanher for 

1 <iak 

21 

i Thickrtoss of wiiMher 

r 


When the nutH are let in fluah in fir, the 
wanhcra nhouhl he the Hame Hize for oak. 

The greatoHt working load on bolte in tenHion 
may be taken as 1-in. bolt fof tons, IJ-in. bolt 
for tons, IJ in. bolt for 3J tons. 

A carfientor'H bolt with nut and washer« of 
the above projwrtionH is shown in 107. 

Strength of Springs. Tlie Htrength of 
flat or alightly curvt+d carriage or railway aprin^ 
in Heveral platen or leaves is given by the formula 
a*’ 

d 1(W X , . Mhere d ^ deflection in 

hint') 

sixteen ths of an inch per ton of load, s - span 
in inches, h - breadth in incbi rf, t -- thickness 
of leaves in sixteenths of an inch, n — number 
of leaves. 

The strength of spiral springs is given by the 
formula W where W - weight to be 

applied in lb., n effective number of coils, 
goneruily two less than apparent nuinbt^r in 
springs for comprt*sHion. owing to the flattening 
of the ends to form a bas<\ e -* compression or 
extension of one coil in inches, according to 
requirements, d - diameter, or side of square of 
steel comiKiHing spring, in sixteentlis of an inch, 
r - eonsLint found hy ( xpenmimt, which may 
Iw taken as *22 for round steel and 20 for square 
steel, 1) mean diameter of coil. say. eight 
times diameter of steel. 

Strength of Pipes. A common rule for 
the strength of cast-iron pipes for waUu* mains 
is f " \ N f/, wliere ( thickness and d - inter- 
nal diameter, both in inches. The WTiter's rule for 
hydraulic pressun* pipe^s working up to 730 or 

ll>. jM-r Rqunr,' inch is ^ -- 

where t -- thiekneiH, d ~ internal diameter, both 
in inches, p working pressure in lb. per »<piare 
inch. If to Ih' used for steam*pi)H*B. the same 


Name. 

Specific 

(iravity. 

Weight Ih, 
per 

cubic foot. 

And»er 

1 *09 

C7 

Ashes 

— 

37 

Asplialte 

2-6 

156 

Boeswax 

■96 

58 to 62 

Bitumen 

1 -ne 

62 

Books 

— 

I 

Camphor 

•99 

J 02 

Charcoal, nnimal 

•80 

— 

,, from birch 

— 

34 

.. .. fir 

— 

28 

.. .. oak 

— 

21 

.. puio , 

— 

18 

Cluv 

1 *9 

120 to 135 

.. |>ottcrs’ . . 

— 

120 

Coal, anthracite 

1 *53 

95 

,, Newcastle 

I *27 

79 

Coke 

744 

46 U) 47 

.. Holitl . . . . ' 

— 

60 

Earth 

1 52 to 2*0 

70 tx> 126 

Emery 

— 

250 • 

Flint 

2*59 

162 

(travel, I'oarsc ..' 

— 

120 

tine 

— 

112 

(tutiu jM'rcha . . 

•90 to *999 

^ to 61 

Gy|>sum 

‘2 -23 

140 Ui 143 

loe 

•9‘2 

68 

Indianibber 

■915 tx. -93 

58 to 62 

Ivory 

1 82 t<. 1 -91 

114 to 120 

Marl 


1‘20 

Masonry ..flint 


148 

rubble 


140 

M ica 

- _ 

178 

Peat , diy 


55 

Pitch j 

r09 to 115 

G9 to 7*2 

Plaster of Pans 

1 *29 

80 

Plumbago ..j 

2*68 

140 

Pozzolana . . 

— 

1 170 

Pumice sU>ne 


• 67 

Resin 

1 -2 

— 

Hand, jnt {tine) 

— 

95 

(coarse) 

. — 

100 

.. quartz 

2*65 to 2 -75 

166 to nl 

.. ri\ cr 

1 *88 

JI7 to 118 

.. Thames 

1-04 

102 

Hhmgic 

1 42 

88 to 95 

Snow 

— 

5 t , 12 

Straw, thatch 

— 

3-5 

Tallow 

•92 to *94 

59 

Tar 

1 • 9*2 

63 

Terra-cotta 

— 

122 

Tile, common 

1-81 to 1 -H.-i 

112 to 11.5 


formula holds good with the awldition of in. 
to the thickness. Lord Armstrong’s rule 
for pipes in connection with 
his hydraulic machinery was 
I - Jd + 25. 

Strength of Hydraulic 
Cylinders. The common 
rule is thickness of cast-iron 
cylinder equal to radius' of 
bore, and this is supposed to 
be safe with an internal 
pressure of 3 tons per square 
inch, but it is really not safe 
at more than 2 tons per 
square inch with ordinary 
metal. 

Continued 



"'^^1 ^ r M 

■ 1j 

107 Cv'vef^ters Ock: 


1704 




Group 3 

ARE WE WHAT WE MAKE OURSELVES? 

BIOLOGY 

Our Powers of Acquiring Mental QuaHttes. Racial Differences and 

12 

Influence of Religion and Training. Can We Exterminate Vice? 
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By Dr. GERALD LEIGHTON 


l 


THEIRE are two wts of acquirement r op&t\ to 
min to “moke" — physical and mental 
acquirements. So, in the same way. men arc 
l>om with two sets of innate traits — phimical 
and mental. Yet how few of us recognise 
the immense difference there is in the range 
of possibilities in the two spheres. 


Physical and Mental Acquirements. 

The extent of man's physical acquirements is 
extremely limited, and very detinite. Tht'dirt'ctitm 
and the extent of growth in any structure of 
the body is limited by the inborn tendency of 
tlw* species. Thus, no man can acquire by the 
stimulus of food and cxercist' more than a given 
strength, W’hich can stated in tiginvs for the 
average of the race. B\it in the mental sphere 
it is very different, (’’ompaix'd with the body, 
the mind has extreme ductility. It has an 
immensely greater power of making acquire- 
ments. The amount of development which can 
be got physically by exercising and using thi‘ 
hand is strictly li mi teal. Hut a man may learn 
to ttne his hand in a thousand wavs, and these 


are mental, not physical, acquirements. “The 
artist's skill in guiding his hand is as naught 
( ompared to the rest of his inetita! acliH’vements 
— as naught to th(‘ n‘st is the skilful penmanship 
of the historian, the poq, or the phi*osopht?r. 
Who, in estimating the gieatness of the architect 
or the engineer even thinks of the skill with 
which he moves the jxmcil or the ruler ? Who 
can even name a manual dexterity which under- 
lies the suc(5eHS of the statesman or the general ? 
The real adaptability, the real plasticity of mnn, 
therefore. lies in his mind, not in liis body, ’ siys 
Dr. Reid. It is not physically that man is 
superior to the other animals ; in many fiwulties 
he is immensely inferior. 

The Real Intellectual Giants. In his 


power of making mental acciuirements, however, 
he stands pre-eminent, and it is the f‘vo!ution of 
this powder of acquisition that has resulted in tli<‘ 
evolution of man. Physically, to a much greater 
extent than mentally, man is the result of a long 
past selection. Mentally, to a much greater 
extent than physically, man is the result of his 
immediate surroundings, in virtue of his great 
power of mental acquisition. This power is 
greatest in the young, and it is astonishing wuth 
w’hat rapidity the mind of a child makes acquire- 
ments. Dr. Reid truly states that the real 
intellectual giants are little children. “ Oh, for 
the mind of a little child,” may well be the 
prayer of the serious student of science or 
religion, because in later life we lose the 
capacity of making acquirements. The chief 
difference between the child and the adult is 


here, and, since the surroundings of individuals 


and their opportunit Us arc so varit'd, thorcfoiv' 
wc see tlw great differences in character and 
mind in adult individuals. Physically, man ii- 
to a great exU'nt w'hat hert*dity makes him. 
Mentally, he is to a great extent wl\at he makes 
himself, limited, it is true, by the inborn 
ca|>aeity for learning, hut with an immensely 
wider range of mental actpiirements ojK'n to 
him than he has for physical improvement 

The Growth of the Mind. Mence, no 
two men knotv exactly the same things or the 
same amount. 1'ako two ident ical t wuns, w ho 
an' extremely alike physically. Their inborn 
physical ann mental traits an' ext namely 
similar. Separate them in infancy, and placi- 
them in totally differcjit surroundings. As 
adults iKiy would U* physically still much 
alike. Mentally they would have nothing in 
common. H(*nce it is. of (ourse, that children 
show what seem to us such startling mental 
variations from their parents. They make dif- 
ferent acquirements, and Ihesi* are so firoininent 
that they overshadow tho inborn resernhlanecs. 
It is hard in any given case to distinguish 
what is accfuired from what is inborn, but 
the sum total is that man, especially mentally, 
is “ a bundle of capacities for making acquire- 
ments, actual aiMpiircmcnts, and instincts which 
HIV mainly incitcnenits to make acijuireinents.” 
If the child’s capacily for making these (oiild 
only be continued in the odiill, it would alter 
the comfilexion of the world “ Tliere would 
be only one religion, the true one, whatever 
that may he. Intelh'ctual stagiuition w/ould 
fade, prognrsH would be fast, there would be 
no pove?rly and no crime. Hut th<' growth of 
the mind is parallel to its organ the brain, ra])id 
at first, then s’ow, then regressive in o?(] age. ' 
(Reid.) So it is that it is only by slow degrees 
that we make advances. But since it is this 
power of making mimtal oeqiiiremcntH which 
caijwts iiidividiiafs, an<l tluTcfore nations, to 
diffi'r ehietly, it becomes of great interest and 
inifiortance to note in what manner the evolu- 
tion of man has come about so as to produce 
the races and nations of to-day, in all their 
diversity of custom, thought, religion, an 1 
intellectual endowment. 

Difference* and Change! in Racaa. 
We may, for the moment, defer what we have to 
s'ly concerning the physical differenct's in the races 
of mankind until we deal with Anihi opo^ogy . 
We wish to note here that the mental differenc^f 
which are observed in races and nations are 
mainly acquired, and not Inborn. The actual 
inborn instincts are slight, and the inborn racial 
characters cannot be many, for the very simple 
reason that they are .M!jbject to such extremely 
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rapid alteration. The stody of comparative 
refigioni) proves this admirably, and ilfastrates 
the effect of religious systems of teaching upon 
the power of malung mental acquirements. The 
progress of nations is one of the improvement 
of external advantages, so that the natural 
capacity for making acquirements is given its 
opportunity. It is only^ in these capacities for 
gaining and using the acquirements of the mind 
that races differ to any great extent. It must 
be remembered that acquired characters are 
liable to be changed for a whole race in a very 
short time, as is seen in such oases as the Japanese 
and the Maories, the latter of whom in a single 
generation have become civilised from savage. 

Tbe Influence of Religion. Systems 
of religion and systems of teaching are of 
the most vital importance in directing and 
giving op|X)rtunity for advance in mental 
capacity, ('uriously enough, almost all religions 
have Umded to restrain the instinct of curiosity, 
which is the main stimulus to intellectual 
aeqairements. The evolution of civilisation is 
always parallel to that of the religion associated 
with it, because of the effect the religion has 
upon the possibility of mental development, 
rtie latter is just what the religion of the race 
permits, and if a race has several religions it 
will also exhibit several degrees of civilisation 
corresfionding to them. 

It is the method of teaching that is all-im- 
portant, not so much what is taught. It is 
necause the adherents of every religion have 
at one pc^riod or another upheld some untrue 
belief^ that the world has seen such conflicts 
between religion and science. 8 o far as a mind 
is taught to hold beliefs in an unthinking, 
unreasoning way, so far is that mind prevent^ 
from developing its capacity for acquiring 
knowUnlge, It makes no dfiforonce whether 
the lx»lief is true or false, the effect upon the 
mind is the same. Whert^as, if the mind be 
trained to discriminate, if reasons are given 
iiefore deductions arc drawn, then it makes but 
little difference whether the deduction be true 
or false. If true, well and good. If false, the 
mind thus taught will sooner or later so develop 
as to discover the falseness, and little harm 
is done. Knowledge without the power of 
drawing inferences is useless. 

Thm Semree of Racial Differoncoa. 
It will be found on inquiry that most racial 
differences can be traced to these sources, the 
methods of teaching of religious 83r8tem8. 
Religions taught in such a wav as to prepare 
the minds for making still furtner acquisitions 
will be found along with progressive civilisa- 
tions in which great men arise. Religions 
taught in such a way that they are held as 
superotitions, whether true or false matters not, 
will be associated with civilisations which will 
be mere instruments of human suppression. 
Few great men will arise in such communities, 
and if they did they would not be recognised 
by minds untrained to make acquirements. 

Newton would have been ignored during the 
Dark Am. Darwin would have been Immt. 
Unless the mind is not only free, but taught to 
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make all the acquiimiients of which it is capaUo, 
the end is intelleotoal Btagnainm, the result of 
a mental immorality. 

Trminiaf m a Factor in Rwolutiem. 

Racial mental characters are much more tbe 
result of training than of inheritance, and since 
races are simply numbers of individuals who are 
trained, it is obvious that systems of training are 
most potent factors in the mental evolution of 
any given race. The inborn characteristics of a 
race are so disguised by the acquired characters 
that it is difiumlt to detect them at all as far as 
the mind is concerned. And what is true of 
religious teaching is true of scholastic teaching. 
We have laid stress upon the point here because 
it is so little realised that intellectual progress 
is a matter which can be attained in leaps and 
bounds by the adoption of scientific methods 
of teaching. The thing has been done in some 
races. It could be repeated again and again 
in any nation which would stuefy the problem 
of how to evolve itself mentally. 

Once more we come to a problem of which we 
hear much, and which is again a matter of evolu-i 
tion and heredity. After all that has been said as 
to the course of organic evolution we ought to 
have some clearer ideas upon the matter. 
Unfortunately, ignorance of the true factors of 
national physical evolution is still rampant, 
and even where knowledge is, there is apatny in 
its application. It is popularly believed that 
adverse conditions of the parents, such as 
ill-health, disease, intemperance, want, hard- 
ship, bad hygienic conditions, and so forth, are 
the causes of a degenerate and deteriorated 
offspring. We have shown that this is not the 
case, and that, if it were, all races under such 
adverse conditions would become more and 
more degenerate until they were eliminated. 

Can the Race be Improved 7 Students 
of biology and heredity, how'ever, believe 
that racial physical improvement is due to 
natural selection of the fittest to survive, 
w’hich implies that adverse conditions eliminate 
the unfit. They maintain that the children of 
the slums are ill -developed, not because their 
arents were exposed to the slum conditions, 
ut because the children themselves are exposed 
to them. They are not aUowed by their en- 
vircaiment to acouire the characters they other- 
wise would do. No race can be shown to have 
degenerated from disease to which it has been 
long exposed ; on the contrary, it becomes 
more and more immune or resistant. The 
pwuliar characters of the inhabitants of crowded 
districts are due to their acquirements, and are 
not inborn, and in order to improve the indi- 
vidual all that is necessary is to see* that he has 
the opportunity of making the acquirements of 
which ne is capable. Bullet no one be deceived 
into thinking that by such means the race will 
be imjurovea as a whole. That can be done 
only by devoting attention to inborn germinal 
ohiuracters which are inherited. Science has 
shown the way, as Mr. Bateson says ; so far, no 
one proposes to take it. 

We may close this portion of our study of 
heredity sxid evohitioKi with another passage from 
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Mr. Baieson. words which deserve to be care- 
fully digested by those to whom the welfare of 
the race is an object of care. They arc full of 
meaning for the philanthropist and social 
reformer, as well as for the scientific student of 

Mr. Bateson, addressing the Z(X>logical Sect ion 
(»f the British Association at C'aniluidge, said : 
“ We may truly say that even our present 
knowledge of heredity, limited as it is. will Ih' 
found of extraordinary use. . . , Breeding is 
the greatest industry to which schnee has never 
yet been applied. Ihis strange anomaly is over ; 
and, so far at least as fixation, or purification of 
ty|)es is concerned, the brwder of planta and 
animals may henceforth guide his operations 
with a great measure of certainty.” 

Can We Exterminate Vice ? ” There 

are others, who look to the science of heredity 
with a loftier aspiration, who ask, (’an any of 
this be* used to help those w ho come after us to 
be* l)etter than we are — healthier, wiser, or more 
worthy ? The answer de|>ends u{xin tlie meaning 
of*the quest km. On the one hand, it is certain that 
a competent breeder endc^wed with full powers, by 
tin* aid even of our present know ledge*, could, in a 
few generations, hrt*ed out se*veral of the morbid 
diatheses. As w^e have got rid of rabies and 
pk'uro-pneumonia, so wt could exterminate the 
simpler vices. ^ . . Similarly, a race may cem* 
ccivahly he bred true to some physical and intel- 
lectual characters considered good. Tlie jmsitive 
side of the problem is less hopeful, hut the 
various species of mankind afford ample muterial. 
In this sense science already suggests the way. 
No one, however, profKjses to take it ; and .so 


long ns, in our actual laws of breeding, sujx'r- 
stition remains the guide of nations, rising ever 
fi*esh and unhurt from the assaults of knowledge, 
tin *ro nothing to hoj)c or fear from these 
sciences. 

Transmission Unalterable. Hut if, 

ns is usual, the jdnlnnthropist is se^'king for 
.‘'Omc c'xtenial application by which to anu'lio- 
iiite the c(»ui*st‘ of descent, knowledge of heredity 
cannot help him. The answer to his ques- 
tion is no. almost without qualification. Wo 
have no eX|j<'rienee of any means by which 
transmission may In* made to deviate from its 
coui'sc. nor from tin* moment of fertilisation can 
teaching, or hygiene, or exhortation ]»ick out 
the partiele.s of evil in that zygote, or put in ont* 
particle of good. From H(H*ds in the same* ]>od 
may come swirt-peas climbing five feet high, 
while their own brothers lie prom* upon tlu* 
ground. Tin* stick will not make the dwarf 
}K*as elimh, though without it the tall can never 
rise. Kdiuatiiin sanitation, and tin* rest an* 
hut the giving or withholding of opportunity." 

It IK ijiiite true that you cannot make a silk 
purse out of a sow’ s i*ar, but you can give the 
sow s (‘iir th(* chivnet* ot doing the very best work 
of which a sow's car is ca[>ahlc. That is all iliat 
education, smial reform, indeed anv environ- 
ment. can at'complish for the individual. But. 
from a national standpoint, it is more than has 
ever Ix'cn done yet. 

.\nd here, for the moment, we must leave 
the evolution of man to turn our attention hi 
him as he is seen in the ra(*eH of the world, and 
then in tin* psycliologieul and psychical parts of 
his nature. 


C ont in ned 
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BONES. JOINTS. AND MUSCLES 

Number, Poeitioii, and Form of the Bones of the Limbs. How the Various 
Bones are Jointed. Stmctore of Voluntary and Inrobrntary Muscles 


By Dr. A. T SCHOFIELD 


Th# Arm. The Arm contains 30 bones, 
and is divided into three parts : The upper-arm, 
with one bone ; the foreaim, with two bones; 
and the hand and wrist, with 27. 

The Humerus 190] (Latin humerus, shoulder) 
is the name of the arm-bone. It has a rounded 
head above, fitting into the socket in the 
shoulder-blade, which is ho very shallow that 
the shoulder is easily put out of joint — ten 
times as frequently as any other bone in the 
b^y. It is so shallow in order to allow' free 
movement of the arm in every direction. The 
lower end of the humerus is broad, and shaped 
like a door hinge. 

The Ulna is so called because it forms the 
elbow, and is the inner bone of the forearm. 
It has a broad socket above, exactly fitting 
into the end of the humeruH, and forms a strong 
hinge-joint ; it is pointed below. The end of 
the ulna, which makes the tip of the elbow, 
looks into the humerus when it is extended 
and thus prevents the arm from folding 
backwards. 

Boom of tho Foroarm. The Radius 

(Latin radius, a spoke) is the outer bone of the 
forearm. It is narrow above and broad below, 
where it joins the wrist and carries the hand. 
This bone moves above and below in two strong 
rings that join it to the ulna and enable it to 
turn round it. If you place one of your fort'* 
arms and the back of the hand on a table, 
the radius is the outer bone and the ulna the 
inner. Now, w'ithout raising the arm or moving 
the elbow' you can 
turn the hand right 
over, palm down - 
wards, and you 
can see and feel the 
radius turning over 
the ulna, which has 
never moved at all. 

Remember the 
radius turns, and 
forms the wrist 
joifd ; the ulna is 
fixed, and forms the 
eUtow joint. The 
elbow joint ia 
twisted a little in- 
wards, so that the 
forearm does not fold straight on to the arm, but 
eentrally, tow'ards the mouth, where it is much 
more useful, as we very seldom put our hand 
on the shoulder of the same side, but often 
use it to carry food to the mouth. 

Beaws of the Haad« The Hand may be 
divided into three parts: The icrMf, which has 
eight bones: the hand, which has five bones; 
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and the fingers, which have 14 bones. 
The bones of the wrist are short and square 
and are all so united by fibrous tissue that 
each can bend slightly, and they thus make 
flexible but very strong joints. They are called 
carpal bones (Latin carpus, a wrist). 

The hand is formed of five bones, which can 
be felt along the back of a thin hand ; they are 
called metacarpal (Greek meta, beyond ; carpus, 
wrist). 

The fourteen bones of the fingers are called 
phalanges (Greek phalanx, a rank), because 
they stand in rows, like so many soldiers ; three 
form each finger, and two form the thumb. » 

The use of so many bones is not only to give 
every possible variety of movement, but to 
give great resistance to any blow or shock, as 
in falling on the hands. 

Bones of the Lege. The Hips [ 89 ] are 
constructed of foxir bones which, join^ together, 
make what is called the pelvis, or basin, because 
it is like a basin with the bottom out. The 
four bones are the sacrum and coccyx, forming 
the base of the spine behind, and the two hip 
(called ossa innominata, or nameless bones), 
one at each side, which meet in front. This 
basin holds and supports the lower organs of 
the body, and is broader and stronger in man 
than in any animal, in order to maintain his 
upright position. 

The two very deep cups or sockets on the outer 
hide of the hip bones are for the heads of the 
thigh-bones. 

The Legs are divided into three parts, like the 
arms, and composed of exactly the same number 
of bones, only that, as the bone that corro- 
sponds to the tip of the elbow, and forms the front 
of the knee, is separate, we count one for the 
thigh, three for tho leg instead of two, and 26 
for the foot instead of 27, because there are 
only seven bones in the ankle and instep. 

The Femur [90], or thigh-bone, is the longest 
and strongest bone in the body, and longer in 
proportion than that of any other animal. 
The head jof. this bone is very round, and fits 
firmly into ^e deep cup of the hip-bone, so that, 
w'hile the leg cannot move so freely as the arm- 
bone, it is much less likely to dislocated. 
The lower end of the bone is broad and flat to 
form the knee. 

The Tibia (90) or flute- bone, is the large bone 
of the leg. Unlike the ulna in the arm, which 
only forms one joint, it not only forms the knee 
joint above, but the ankle joint below. You 
can trace it all along, just under the skin, where 
it is called the skin. 

The Fibula (or buckle bone) is so called because 
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the knee buckle used to be worn over it» on the 
outer side of the It is a long, thin bone, 
fixed at the outer side of the tibia, and eorre- 

r nds to the nidius in the arm, but, unlike it, 
fl not form the lower joint, but only protecta 
the outer side of it. Neither can it turn round 
the other bone, for we do not require to turn 
our feet over, as we do our hands. The Patella, 
or knee cap, is a small bone that protects the 
front of the knee joint. 

Bones of the Foot. The Foot has 2fi 
bones, and may be divided into ankle, fexit, and 
toes. 

The Ankle (and instep) is formed of seven 
short, strong tarsal bones, much larger than 
the carpal bones of the hand ; one of them 
forms the heel, the othcra make up the lieaiitiful 
arch of the foot called the instep. The foot it> 
formed, like the hand, of five long bones, called 
metatarsal. The toes are called phalange;, 
like the finger liones, and are also 14 in numlnT. 

We will now corajmre the arm with the leg 
[SO], and you will see that though there is a general 
correspondence, there are radical dilferences, so 
that in no sense is the arm a sort of fore-leg. The 
bones are all smaller and shorter in the arm.., 
the joints are much weaker and more flexibU‘. 
The shoulder and hip joints are both formed on 
the same principle, and \et one is almost the 
weakest joint in the body and the other one 
of the strongest. The knee and elbow differ 
still more ; the former being entirely made foi 
supporting weight on its broad, flat surface, 
the latter for the easy movement of a door on 
its hinges. The ankle and wTist are entirely 
different joints ; the wrist is made for limit(‘d 
but firm movement;', in all directions, the ankle 
for the foot to move, as the elbow does, up and 
down like a hinge. Then, as we have seen, the 
hand can be turiunl over backwards or forwards ; 
the foot, of course, cannot. The heel in the foot, 
formed of one of the strongest bones of the ankle, 
has no counterpart in the hand. 

How the Bones are Jointed. Wc 

now turn to consider joints, which really are 
the hinges on which the bones 
move. The ends of the bones 
composing a joint are smooth, 
enlarged, and rounded so as to 91. section of a 
fit, more or less closely, into one movable joint 
another. The bone itself, near 1- 
the joint, is all hard, compact 
tissue, and is covered with a brane niie<i 
smooth layer of caililage. '*‘*^** 

Bones are united by a fibrous capsule attached 
round each and lined with a fine membrane 
(called synovial membrane) which ecietes a 
lubricating fluid (like the white of an egg) called 
synovia. The joints are often strengthened by 
various bands and ligaments. 

All the. different bones of the body are con- 
nected by joints, or articulations of some sort. 

These joints, or hinges, are of three varieties: 
Immovable, partly movable, and movable. 

I. Immovable joints are form?d by the 
joining of two bones together in such a w'ay that 
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they practically l>ecome one. The separate 
bones of the head and face are all thus united, 
except the lower jaw-bone, which is the only 
one that has a movable joint. The bones of the 
skull have edges like a saw, which look into 
each other, leaving just a line when' they were 

once divided. 
Th(' teeth are 
also firmly fixed 
in the jaw, and 
cannot move till 
they fall out. 

2. In partly 
movable joints, 
tile bones do not 
absolutely unite, 
but are covered, 
where they join, 
with a little 
gristle, and are 
bound together 
by strong bands 
that fix them 
very Hi inly, hut 
just allow the 
least possibh 
movement o i 
each other. 1 1 
is ill Ibis 
that the hip* 
bones are joined 
to form the 
pelvis, and the 
V e r t (‘ b r a> to 
form flic spine. 
Tii(5 bones of 
the ankle and 
wrist are joined 
in the same 
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manner. 

3. Movable joints (91). Hitc tlie ends of the 
bones are expanded and made to fit each ( thor, 
frequently in the shapt' of a cup and ball. They 
are constructed in the way w(‘ liave already 
described. 


Tlus' movable joints arc of four distinct 
varieties, the ball-and-socket joint, the binge 
joint, the gliding joint, and the pivot joint. 

3’iie hall -u ml- socket, joint resembleH a ball 
fixed in a cup so as to move freely any way. 
Thi:; is seen at the shoulder and hip [92]. 

In the hinje j<nnt> one surface in fittcil 

into the other, so that the bone can only move 
backwards and forwards, like a door on its 
hinge. VW find this at the elbow and knuckles 
of the fingers. 

In the gliding joint, one bone i.lidc.s on 
another freely, as at the ends of the collar-bonc, 
in some of the w rist and ankle bones, and in the 
knee joint. 

In the pivot joijU a pivot works in a 

ring, like the hinge on some iron gates. It is 

found at the top of the radius, where the bone 

turns in a fibrous ring ; and in the atlas and axis, 
w'here the one forms the ring and the other the 
pivot, enabling the head to turn from side to 
side. 
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AH the jointH of the head, ae we have !«eeii, 
am fixed joints, exoejpt the lower jaw, which 
idcme can move. This is boUi a sliding and hinge 
joint, and sometimes, if we yawn or gape too 
much, it slides out of its socket, and our mouth 
is fixed wide open, the 
jaw being said to be dit- 
located^ or out of joint. 

We have shown that 
nodding is a sliding 
action between the head 
and the atlas, and that 
shaking . the head is a 
ring - and - pitfot motion 
between the atlas and axis. 

All the ribs are hinged 
on to the vortebr» so as 
to move up •nd down 92 . hip joint, snow- 
in breathing like the ino cup and ball 
handle of a bucket. 

MoTasnenta of the Arm and Foot. 

The arm being fixed at the shoulder in a 
loose balband-AOckct joint, is capable of cir- 
cumduction, or movement round in both direc- 
tions. 

The elbow, being only a hinge joint, can, of 
course, only move two ways— backwards and 
forwards. The joint at the knuckles of the hand 
(not of the fingers) is a peculiar one [98], and is 
shaped like a saddle. You can spread your fingers 
and move them sideways, as well as move them 
backwards and forwards, just as in a saddle 
you can ro(?k in your seat from side to side, 
as well as backwards and forwards. 8o that 
these joints are not ball-and-socket joints, 
and will not move all wap, like the shoulder ; 
nor are they merely hinge joints, like the knuckles 
of the fingers, which only move backwards and 
forw ards, but are a sort of double hinge, allowing 
a side movement as well. 

The foot and tws are on the same pattern as 
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moving in all directions are the strong bands 
that are attached around it. 

The knee, having only two flat surfaces, looks 
as if it could easHy be put out of joint, but 
really it is a very strong joint, as the two bones 
not merely glide on each other, but are firmly 
united tc^ther W two very strong bai^ 
of fibre in the midme of the joint, passing from 
one bone to the other in the form of a cross, 
and hence called the crucial ligaments. This 
joint is also protected by strong muscles all 
round. 

The ankle joint is a hinge joint of very strong 
construction. 

Muscles end their Us*. We have 
now to consider the muscles, that contractive 
tissue which is the agent of all movement. 
We will look at their varieties, structure, 
and chemical composition, and the functions 
they perform Muscles derive their name 
from musculus (Latin), a 
little TLOuse, because, being 
pointed at both ends and 
broad in the middle, the^ 
reeemble one. All flesh is 
muscle, and all muscle is called 
flesh. The muscles are not in 
the flesh, they are the flesh. Elach 
muscle is separate from the rest, 
and there are about five hun- 
dred of them in the body — 
250 pairs and five single muscles. 
They cover all the bones, and 
are covered themselves the 

^ fat and skin, as can plainly lie 

98. THIRD AND 

ilTTLE FINGER therefore, does not cover 

OF LEFT HAND hones in a solid k^^^r, but 
SHOWING CON- composed of many ueparatc 
NECTiNG UGA- Diuscles. Each muscle is en- 
MENT closed in a smooth, glistening 
sheath that separates it from 
the next, as you can sometimes clearly see in a 
leg of mutton. But although muscles cover, 
strengthen, and support the body, their principal 
use is to enable us to move. No movement 
can take place w'ithout a joint that can move, 
and a muscle to move it. Muscles are of all 
sizes. There are very strong ones in the arms, 
and still strongesr ones in the legs. The longest 
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the hand, but do not move nearly so freely. 
The joint of the big toe is often dislocated by 
ill -shaped boots, which press it too much 
outwards towards the other toes. 

We have seen that the pleura between the 
lungs and ribs forms a sort of joint, since one 
surface of the closed bag glides on the other, and 
in the same way tJhe pericardium round the 
.heart and the peritoneum round the digestive 
orgyam also resemble joints ; so that rheumatism, 
which alwap attach the joints, often settles 
here, as well as in the limba 
The hip is a very stroim ball-and-socket joint, 
and the only things that prevent the thigh 
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muscle in the hwfy is nearly 2 ft. long, and 
reaches from the hip to the inside of the 
below the knee ; is caltod tbe sartorius, or 
taUcr's muscle, bemuse it draws the up 



when sitting cross-legged like a tailor. The 
smallest muscle is only i in. long, und is 
in the ear. There are about 150 muscles in the 
hack alone to keep the spine erect, and these 
are of great importance. The musclfwi that 
form the front of the abdomen, where 
there are no ribs, are just as important, 
because they have to protect all the 
internal organs. The calf of the leg is 
composed of muscles, and is connected 
with the strongest tendon in the body, 
called the Achilles tendon, placc'd 
just at the back of the ankU% where it 
is fixed on to the heel. A muscle, like 
all other tissues, increases in size by 
96. use, while, if it is not used, it wastes 
TRAN SI- away. 

TioN Voluntary and Involuntary 

FROM Muscles. Muscles constitute 45 per 
STRIPED cent, of the weight of the body, and, 
MUSCLE besides forming a large part of the 
TO limbs, they are used internally to 
TENDON surround canals, organs and vessels, 

• either to regulate their size or their 
movement, to close their orifices, or for other 
purposes. Muscles, broadly speaking, are of 
two varieties — the striped, or voluntary, and 
the unstriped, or involuntary. The former, 
under the control of the will as a whole, though 
not individually, art^ attached to all parts of 
the skeleton, move all the joints 
and bones, and are the organs of 
locomotion. They are connected 
with the animal life and the spend- 
ing of force, and arc set in action 
by voluntary nerve impulses. They 
act quickly, decidedly, and simul- 
taneously in all their parts. They 
arc capable of great exertion, but 
soon get tired. They are called 
striped l>ecau8e under the micro- 
scope narrow hands are set n running 
across them. 

The un8tri|X‘d, or smooth 
muscles, differ from these in almost 
every re8|x^ct. They are concerned 
with the vegetative side of life, or 
the building up of force, and form 
a large part of all the internal 
organs and tubes ; they are not 
under the conscious will, and 
derive their impulses from involun- 
tary, or “sympathetic ’* nerves. 

They act in a slow, gradual man- 
ner, and never as a whole; but 
the motion spreads hke a w'ave 
from fibre to fibre in a way that 
is CBlled^ernUculur. 

There is a third variety of muscle, 
found only in the heart, combining 
the characteristics of the other two. 

It is like the first in being striped, 
and in acting decisively and simultaneously, but 
resembles the second in being absolutely in- 
voluntary. The heart beats entirely without our 
will or Imowledge, for by no effort can a man 
stop the beating of his own heart. This muscle 
is the busiest one in the w'hole body. It contracts 
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the heart 70 times every minute, day and night, 
for perhaj'is 70 or 80 years. 

Structure of the Muscle. Turning 
now to the construction of a muscle, we stM* first 
of all by the nakeil eve that each muscle con- 
sists of separate bundles, all united 
together by the covering skin. The 
bundles arc' made up of smaller 
bundles, and these of smaller, and 
these again of separate fibres [94], 
which are the muscle cells; they 
are like very short hairs, though 
w'hen joined together they moke 
up a large muscle. 

Muscular fibres are well supplied 
with blood by means of small blood- 
vessels. which give flesh or muscle 
its red appearanoi*. The fibres 
ihi'm.Melves an* coinf>osed of a row 
of what look hke oblong black and 
white bcatls called mrenuA 
and a nerve runs to each muscular 
fibre from the brain, and is attached 
to it by a flat plate, something like 
that which conveys the electricity in galvanic 
btdts [d5J. 

How a Muscle Contracts. The nerve- 
currt'nt is suppownl to act like an eh'ctric shock 
on the sarcous eU'mcnts that mak<* up the 
muscle fibres, and thus makes each element as 
broad as it was long, so that the 

""V whole fibre gets at once shorter 

and wkler. It is in this way that 
* muscle moves, as w(* see more fully 

in the next section. 

All these separate fibres arc 
bound together by connective 
tissiK's. and all the connective 
tiHsue-HhcatliH join together at each 
end of th<‘ muscle to form the firm 
whib* fibroiiM band or tendon that 
unites it to tin* hrmes [96). Some- 
times, as in tlie great muscles in 
the neck of a horse, hy which it can 
wrinkle up its skin and sh^ki! th<‘ 
ffies off, the muscle is very thin, 
and spread out like a })iece of cloth. 
jflBR Muscle is soft and thi(‘k in tin* 
middle [971. and a liand or Umdun 
t ' fastens it at each end to the 

P 4;- bones it has to move. 

1 fj 1’lic contraction may b(‘ imitated 

I by tying a strong piece of elastic 

to th(* handles of a pair of scissors. 
'Phe handles will represent two 
bones ; where the Hcissors cross is 
the joint, and the elastic is the 
. ‘ muscle that can draw' the handles 

, together if they arc stretched 
apart . 

Before a muscle acts, and while it 
is at rest, it is just like a drelched 
band of tajje ; but the moment the nerve 
current reaches it from the brain, the muscle 
suddenly becomes like a stretched band of 
indiarubber. All muscular movements are 
thus produced by the current the brain has 
the powx*r to send along the nerve, for it 
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can malie tbe mnaoles Kke stretched bands of 
rubber. If you let your ami hang down, 
and catch hold of the middle of it with the 
other hand, and then bend the forearm up, 
you will feel the muscles getting thicker and 
harder under your hands; so 
IhiU a muscle causes motion 
becoming shorter and thicker. 

Compoaftlon of Muaclo. 

The general composition of 
muscle is as follows : 

Water .. 75*0 

Nitrogenous matter . . 20*0 

Mottsfersugars. or starch 1 *0 

Salts and ic^rments . . 4*0 

1000 

Muscle is usually at rest, 
but as each fibre has a nerve 
running to it, the whole mass 
can be instantly contracted. 

The moment it is at work or 
contraeted, it becomes acid. 

It uses more O and gives out 
more VO,^ to the blood, uses 
up the muscle sugar, produces 
nine units of heat lor every unit 
of work, and gets broader and 
shorter. A muscle can contract 
three-fifths its entire length, 
and only takes one-twentieth 
of a second to do so ; but it 
soon gets tired, contracts less 
^vtgmtitisly, and at last ceases 
to move. Six hours or so after 
death it begins to coagulate and 
gets rigid — the state of rigor 
mortis, which lasts nine days. 

Ezarciae Strengthens 
the Muaclea. A muscle 
differs from all machines in becoming stronger 
the more work it does. We have so little 
occasion to move our oars that the little 
muscles have almost lost their power of con- 
traction for want of use. Any part of the 
body not used u'astos, and at last becomes 
useless. If the finger is placed in front of the 
oar when chewing, one can feel tbe muscle of 
the lower jaw contract ; the muscles that pull 
it do's!) can also be felt under the chin. At 
the back of the neck one may feel the two strong 
columns of muscle that keep the head erect 
upon the shoulders. 

^ow the Limbs am Mowed. The 

shoulders themselves are beautifully rounded 
by large, fleshy muscles that cover the bony 
surfaces, and end in strong tendons fixed in the 
upper part of the arms. It is these muscles 
that raise the arm and extend it level with the 
shoulder. Then we have strong chest- muscles 
fixed to the arm to draw it forwards, and strong 
muscles behind fixed to the shoulder-blade ana 
arm to draw it backwards [98]. 

All along the arm are two sets of muscles. 
Ihose in front, including the biceps, are called 
/ieators, because they bend tbe joints ; those 
at the back are called extensors, because they 



extend the joints, so that one set polls against 
the other. For instance, if you want to bend 
the aim with the biceps, the triceps behind 
prevents it doubling up too easily. 

To tbe outer side of the elbow are fixed all 
the muscles that form the back of the forearm 
and extend the back of the hand and wrist. 
The fleshy part of the muscle is in the upper part 
of the forearm, while the wrist consists of all 
the tendons coming down from tbe muscles 
above to be fixed in the bones of the fingers 
they have to move [99]. If you work the finger 
about you can see the tendons moving under 
the skin at tbe back of the hand. The one that 
goes to tbe thumb can be seen very plainly 
if you extend the thumb far back. To the inner 
siae of the elbow arc fixed the musolei that form 
the front of the forearm, and flex the front of the 
wrist and hand. These also end in long tendons 
that run in grooves. The middle tendon can be 
very clearly seen if you touch the little finger with 
the thumb, and then bond tbe wrist forwards. 

The moBckn over the abdomen are very 
strong and broad, though quite thin. They c^n 
be greatly stresg^ened by exercise. T^e 
buttocks and thighs are all formed of enormous 
muscles, which move the leg in any direction. 
The long tailor's muscle, 2 ft. long, which is Uke 
a ribbon, and reaches from the hip-bone to 
below the knee, enables us to sit cross-legged 
like the Japanesd. The muscles that extend 
or straighten the leg are all in front ; those that 
flex, or bend it are all along the back, and form 
the calf below’. 

The sole of the foot [»] is formed of four 
layers of muscles^ one below another. 

Involuntary Muaclea. So far, wre 
have only spoken in detail of those muscles 
with which we are most familiar, all of w’hich 
are striped, and under the control of the will. 
But w'e have alluded to another sort of muscle 
that moves our internal organs and carries on 
all the processes of life inside us. Such muscles 
have no strives, they are not large, and are com- 
ped of altogether different cell -fibres [100]. 
They form part of the walls of the stomach 
and intestines, and of the blood-vessels, bladder, 
kidneys and other organs. They are not in any 
degree under the control of the will, but are 
governed by another nervous system altogether, 
the seat of w’hich is not tbe brain, but Mkind 
the stomach. It is called the sympathetic 
system. From here fine red 
nerves stretch to all these 
unstriped and involuntary 
muscl^, which are composed 
of small, spindle-shapea cells 
of an in. long, cemented 
t^ether in masses. They are 
100. ixvoLUN- striped or made in small 
TABvi OR SMOOTH ^ Striped muscle, 

MUSCLES composed of contrac- 

1. A sepsTAte iihre substance. Their move- 
X. L^yer of film ments appear to be spon- 
taneous. They do not get 
fatigued, and th^ work day and night unknown 
to us. 
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CLOCK PROBLEMS 

168. Consider the motion of the hands of a 
clock. In one hour's time the long hand goes 
completely round the dial — i.r., passes over 
sixty minute^ -spaces, while the short hand only 
passes over five minute -spiwes. Thus the long 
hand passes over 60-5, i.e., 55 more simees 
in an hour than the short hand <U>es. 

Example 1. At what time between 1 and 2 
o'clock are the hands of a clock directly opposite 
one another ? 

At 1 o'clock the long hand is 5 minutes 
behind the short hand. When tlie hands are 
opposite, the long hand will bo 30 minutes ahead 
of tlfe short hand. 

Therefore, the long hand must gain 5 f 3l» 
- 35 spaces on the short hand. But it gains 
55 spaces in 60 minutes. Hence we have the 
proportion 

55 : 35 ; ! 60 minutes ; reqiiir<r<l time. 

Therefore, Time 

_ 420 j 

hh 11 ■ .l U , — ■■..■■ f; ;.. . . . — 


Example 2. When will the hands Ih' at right 
angles. Vxjtween 4 and 5 o’clock ? 

At 4 o’clock the long hand is 20 minuUis behind 
the short hand. When the hands arc at right 
angles, it must cither be 15 minutes behind 
the short hand, or 15 minutes ahead. There- 
fore it must either gain 20-15 or 20 + 15 
minuU^s, t.c., 5 or 35 minutes. As in Example 1, 
we find that to gain 5 minutes, it takes 

- mm. = j j - 6,®, mm. 

And, since 7x5= 35, it will take 7 x 
minutes, or 38^^ minutes to gain 35. 

Thus, the required times are 5^^^ minutes past 
4 and 38 minutes past 4 An.^. 

Other forms of clock questions, such as “ at 
what time, Indween two stated hours, are the 
hands coincident,” or “ at what time are they 
any stated number of minutes apart,” are w orked 
in the same way. 

169. Questions involving two clocks arc 
generally simple applications of the principle 
of Art. 165. 

Example. Two clocks show the correct time 
at 9 a.m. on August 12. The one loses 8 seconds, 
and the other gains 12, in 24 hours. When will 
one clock be 5 minutes ahead of the other, and 
what time will each clock then show ? 

At the end of 24 hours the clocks arc 8 +- 12 
= 20 seconds apart. Therefore, they will *lje 5 
ndiittte^ or 300 seconds apart after x 24 
hoars, t.e., 15 days. 

Tnus, one is 5 minutes ahead of the o(lu»r at 


9 a.m. on August 27. Also, in 15 days the fiist 
clock loses 15 X 8 seconds ~ 120 seconds = 

2 minutes, so that at 9 a.m. on August 27 this 
clock {)oints to 8.58. The other clock is 5 
minutes ahead of this — ?>., at 9.3. 

TIME AND WORK 

170. The fundamental jirinisplc heri' is 
Work done j>er day x Nuuihcr of days Ttitiil 
to lx* done. 

Example 1. A can do a piece of work in t» 
days which B could do in 8 <lays. How long 
will they take over it if they both work together ? 
Find tht' amount done per day, thus: 

'A dtH*s the whole pio<!c in 6 days. 

'rherefore. A does J of the piece in I day. 
Similarly. B diM^s j of the piece in 1 day. 
Tlmrcfore. working logcdher, they do i i of 
4 f 3 7 

the piceo in 1 day - 

1 day. 

Hence, they do .}^ in J of a day. and there- 
fore flj. or th(^ whole piece, in days, t.r., 

Example 2. A bath which holds 21 gallons 
can Ik* filled by the cold water tan in 6 minut(‘S, 
and by the hot water tap in 7. The waste -nijxi 
can empty it in 3 mimiU's. If the bath is filled, 
and then all three pipes are 0}K*ned, how much 
water will left in the hath at the (‘ud of half 
an hour ? 

The waste-pipe empties th(‘ hatli in 3 ininutcs. 
Therefore, it empties J of it in 1 minute. 
Similarly, the cold-water tap fills }. in 1 minute, 
and the hot-water tap fills J in 1 minute. 

Therefore, when all three are open J - J - J is 

* .1 • 1 I 14-7-6 1 . 

emptied m 1 minuh*, i.e., — ^ is 

emptied in 1 niinuh*. 

Hence, after half an hour, 30 x or of the 
bath is emptied. 

Therefore, there remains in the hath (I - 7) 
of 21 gallons = * of 21 — 

Example 8. A and B agree to do a piece of 
work for 30s. A could do the work alone in 5 
days, and B could do it alone in 6 days. But. 
with the help of (!, they tinish the work in 2 days. 
How should the money bo divided ? 

A can do I of the work in 1 day, soAhat in t ho 

2 days which they work ho does jj. 

Similarly, B does jf, or J of the work. 

Henr^j, C does the remainder — viz., 1 ~ S -* ' of 

the work - of the work. 

Therefore, 

A should have « of 30s. = I2s. | 

B should have A of 30». -- 10s. r 
C should have the remaining 8s. I 


o 
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EXAMPLES 20 

1. A fltiirtd 3 minutefi aft«r B for a place 4| 
mileii digtant. B, on reaching hig degtination, 
immediately retum«, and, after walking a mile, 
moeta A. If A’» rate U 1 mile in 18 minutea, 
how many milea an hour doeg B walk ? 

2. A train pagged a atation 40 miles away 2 
minutes late. If it had travelled at 50 miles an 
hour, it would have been 10 minutes late. Find 
the rate of the train. 

8. A man rows ] mile up-stream in half an 
hour. If there had been no current he would 
only have taken a quarter of an hour. How 
long will he take to row back again ? 

4 . A man drives to a certain town at 8 miles 
an hour. He returns by a road 2 miles longer, 
at 10 miles an hour. The return journey takes 
12 minutes less than the outward journey. How 
long is each road ? 

8 . A person standing on a railway platform, 
which was 88 yards long, noticed that a train 
look 9 Hoconds in passing him, and took 21 
seconds in passing through the station. How 
long was the train, and at wkat rate was it 
♦ravelling ? 

8 . A man travelling 9 raiks per hour is 
followed, 4 minuter later, by a man travelling 
10 miles an hour. When and where will the 
second man overtake the first ? 

7. A walks from one town to another at 
4 miles an hour. At the halfway, ho is over- 
taken by B, who walks 5 miles an liour. A now 
quickens to B's rate and finds that he arrives 
at his destination 15 minutes earlier in con- 
Ht^quenoe. How far is it between the two 
towns ? 

8 . There are two candles, P and Q, one of 
them 1 inch longer than the other. P is lighted 
at 4.30, and Q at 0 o’clock. At 8,30 they are 
both the same length. P b\irns out at 10.30 
and Q at 10. What were the original lengths ? 

9. A and B do a piece of work in a certain 
time. If each had done half the work, A would 
have had to work one day less, and B tw'o days 
more, than tht'y actually did work. How long 
did they take, when they worktnl together ? 

10. At noon on Monday a clock is 2 minutes 
fast, and at 8 a.m. on the following Wednesday 
it is 1 minute slow. When was it right ? 

11. At what time between 5 o'clock and 5.30 
are the hands of a watch 14 minutes apart ? 

12. 1 row against a stream flow ing 1 { miles per 
hour to a certain point, and then turn back, 
stopping 2 miles short of my original starting- 
place. If the whole time oc^cupied is 2 hr. 10 
min., and in still water I row 4) miles per hour, 
how far up-stream did 1 go ? 

13. A hare is 60 of her own leaps in front of a 
greyhound, and takes 3 leaps while the hound 
takes 2. But the hound goes as far in 3 leaps 
as the hare does in 7. In how* many leaps will 
he catch the hare ? 

14. Two enlists start to meet each other. 
One rode 2 miles an hour faster than the other, 
and they met in 1 1 hours. If each had travelled 

nU 


2 miles per hour faster than he did, they would 
have met in 1|^ hours. Find the distance 
between the siarting'plaoes. 

MISCELLAKEOUS EXAMPLES 

171. The following are types of examples 
which occur frequent^. 

Example 1. In what proportion must tea 
at Is. 6a. per lb. be mixed with tea at 2s. 4d. 
per lb. in order that the mixture may be worth 
Is. 9d. per lb. ? 

1 lb. of the cheaper tea is worth 3d. legs than 
1 lb. of the mixture. 

1 lb. of the dearer tea b worth 7d. more than 
1 lb. of the mixture. 

Hence, 7 lb. of the cheaper tea must be mixed 
with 3 lb. of the dearer tea. For 7 Ib. of the 
cheaper will be worth 7 x 3d. = 21d.. less than 
7 lb. of the mixture, and 3 lb. of the d3arer will 
be worth 3 x 7d. = 21d. more than 3 lb. of the 
mixture ; so that, together, they have the siuno 
value as 10 lb. of the mixture. 

The required proportion is therefore 

Example 2. A man distributed £1 16s. lOd. 
amongst 85 children ; each girl received 4d. 
and each boy 6d. How many girls were there ? 

If each child received 4d., the man would 
sfxind 85 X 4d. = £I 8s. 4d. This is 8s. 6d. 
too little. 

If each received 6d., he would spsnd 85 x 6d. 

£2 2s. 6d., which is Ss. Bd. too much. 

Hence, 

No of girls : No. of boys ! ; Ss. 8d : Ss. (kL 
: : 68 : 102 

Therefore, the number of girls 

= 68Ti02 

A question of this sort, however, need not be 
treated as a “ mixture ” problem. For, after 
each child has received 4d., the man is left with 
88. 6d . which ho uses to give an extra 2d. to 
each boy. Now, 8g. 6d. contains 51 twopences. 
Hence, there are 61 boys, and therefore 85-51, 
or 34 girls. 

Example 8. A person has to buy a certain 
numbc>r of oranges for a certain sum of money. 
If he buys at the rate of 3 a penny, he spends 8d. 
too much, and at the rate of 4 a penny he spends 
Is. too little. Find the sum of money 

At the first rate an orange costs {d. 

At the second rate an orange costs jd. 

The difference ~ J - J = 

Hence, by paying ^\.d. loss for each orange, 
he reduces the total cost by 8d. -f Is., or 20d, 

Therefore, the number of orangas == 2Cd -i- Ad. 
-240. 

Now 240 oranges at 4 a Id. cost 60d., or 5s., 
and this is Is. less than the sum he has to spgnd. 
Thus, the required sum is 6s. Ans. 

We have the same principle in the following : 

A man walks to the station at 4 miles an hour 
and arrives 5 minutes late. Had he walked at 
5 miles an hour he would have been 4 minutes 
too earfy. How f«r is it to the station ? 

The nrst rate is 1 mile in 15 miimtes, and the 
second is 1 mile in 12 miniitea. Thus, ^ 



9 m'Titttes less over eaob mile, he takes 9 minutes 
for the whole distance. The distance is 
therefore 9 3, or 3 miles. 

Example 4 . A mixture of 2180 gallons of spirit 
and water contains 70 per cent of spirit. How 
much spirit must be added in order to raise the 
proportion to 84 per cent. ? 

Amount of water in the mixture = 30 per cent, 
of 280 gallons = 84 gallons. 

After more spirit has been added, this 84 
gallons of water forms ( 100 - 84) or 16 per cent, 
of the mixture. Hence, the total amount of 
mixture will then be of 84 gallons, i.r., 
525 gallons. 

Therefore, the amount of spirit to be add'd 

525 - 280 245 gallons A ns. 

Example 6. I look at my watch between 5 and 

6 o’clock. On looking again between 6 and 7 
o'clock I find that the hands have exactly 
changed places. What was the time w'hen I 
first looked ? 

In a question of this sort, the chief point is to 
find •what distance the hands a»*c apart. Once 
this distance is known, the rest of the problem 
is worked in the same way as air. ady explained 
in Art. 168. 

We know' that the long hand moves through 
60 minute-spaces while the short hand moves 
through 5 — i,f., in any given interval, the long 
hand moves through 12 times th:^ distance 
through which the short hand moves. 

Now, in the above problem, the distance 
through which the short hand moves is equal 
to the distance l>etwecn the hands. The long 
hand, therefore, moves through 12 times this 
distance. Hence, if the long hand had moved 
on into the position now occupied by the short 
hand, it w'ould liave moved through 12 + 1. or 
13 times the distance l^etween the hands. Hut 
the long hand has now' moved from a certain 
position which it occupied lictween 5 and tl 
o’clock into the same position between 6 and 

7 o’clock, t.€., through 00 niinutc-spaces. 

Therefore, 60 minutes 13 times the distance 

l)etwoen the hands ; so tliat the distan(;e lx*twceii 
them is of (K) minuUjs, or 4,^., miniitt^s. 

We have now, by the method of Art. 168, 
to find “ at what time between 5 and 6 o'clock 
is the long hand 4j^.j minutes ahead of the short 
hand ? ” 

At 5 o’clock the long hand is 25 minutes 
behind the other. It has therefore to gain 
25 -i- 4^, or 29 minutes 

Hence, 

65 ; 29'j** 3 ; *. 60 minutes : reqd. time. 

Therefore, 

12 35 

Reqd. time = ~ 

= 32 minutes post 5 Atim, 

DUODECIMALS 

172. In finding the area of a rectangle by the 
method of Art. 1S8, or tl^e volume of a rect- 
angnlar solid by that of Ail. 168, it is necessary 
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to express every dimension in terms of the same 
unit. We have to reduce every dimension to 
yards, or to ft*et. or to inches, liefore w^orking 
the multiplication. This, however, need not 
be^done if we adopt the method of IhuHiccinuU^, 
The foot is the unit of the system. The unit is 
divided as follow’s. 

A linear prime is one-twelfth of a foot. 

A ftyjHrficial prtme is onc-twclfth of a square 
foot. 

A cubic prime is one- twelfth of a cubic foot. 
-4 second, linear, sufX'rticial, or cubic, is onc- 
twclfth of the corresponding prime. 

A third is one-twelfth of a st'tumd. and so on. 

A prime, whether linear, superficial, or cubic, 
is dc'noUxi by 1'. Similarly, a second is d“noled 
by 1*. a Ihiri by 1 

178. It is clear from the definitions that 
(i.) A linear prime ~ ft. 1 in. 

A linear second - in. 

(ii.) A superficial prime sij. ft. I2s(|. in. 

A Hujx'rficial second ^‘1- 

“ 1 sq. in. 

A superficial third ~ sq, in. 

(iii.) A cubic prime ^ cufhe ft. -- 144 cubic 
in. 

A cubic second of 144 cubic in. 

= 12 cubic in. 

A cubic third of 12 cubic in. I 

cubic in. 


We can thus convert duodecimal measures 
into ordinary mca.sun's. For cx implc, 

5 ft. :V T -■ o ft. 3,‘/ 5 ft. 3/^ in. 

7 sq. ft. r/ ir 7 s(j. ft. (60 I 0) H(j. in. - 7 k<|. 
ft. 69 sq. in. 

4 cubic ft. 3' 8^ rr"' 4 cubic ft (432 ^ JHl 
-t 6) cubic in. 4 cubic ft. 533 (‘ubic in. 

Similarly, wc (!an convert ordinary mcasiiro 
intc» duodecimals. 

4 yd. I ft. 31 in. 13 ft. 3,\ in. 13 ft. 3' 3". 

2 sq. yd. 5 h<|. ft. !)K sij. in. 

2.5 S I. ft. 1 H(| ft . 

^ in * 

2!1 sq. ft. 1 ^ sq. ft. : “ so ft. 

* J2 * Ml ^ 

23 sq. ft. 8' 2^ 

3 cu. ft. 123.J cu. in 

= .3 cu.ft, 1 i ;‘4ru.ft. 


~ 3 cu. ft. H cu. ft. ‘ 
-3cu. ft. ur r' ir 




174, Wi' must now' consider the multiplica- 
tion of duodecimals. 


1 ft. / I'-l ft. / ^yt. 


ficial prime. 

1 ft. X r 


1 ft. y 


12 ' 


12 


ft. 


^ sq. ft, I suj)Ci’- 


12- 


sq. ft. 1 


superficial second. 

Similarly, I ft. x 1'"' -= I sui»crficial third ; 
and so on. 
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Again, 

r X 1' = j2 

iictal Kecond. 

r X l* = j‘2 ^ I2i == 12' * *“P®'‘' 

ficial third. 

. Kxanipla 1. Find the area of a rectangle 
which measures 5 ft. 9 in. by 3 ft. 3 in. 

5 ft. 9' 

3 ft. 3' _ 

17 3' 

1 r/ S'^ 

18»q. ft. 8' r 

^18 sq. ft. -f ,24) sq. ft. 

Explanation. Multiply 5 ft. 9' by 3 ft. 
Thus, 

3 ft. X 9" ^ 27 super, primes = 2 sq. ft. 3'. 
Put down 3' and carry 2 sq. ft. 3 times 5, 
15, and 2. 17. 

Next, multiply by 3'. 

3'x 9^^=: 27" super, cr 2' 3". 

Put down 3", carry 2'. 

3' X 5 ft. 15', and 2' 17' ~ 1 sq. ft. 5'. 

On adding the two lines, we get 18 sq. ft. 
8' 3", which, by the last article, is equal to 18 
sq. ft. 99 sq. in. 

Example 2. The area of a rectangle is 100 
sq. ft. 20 sq. in., and its length is 11 ft. 8 in. 
Find its breadth. 

11 ft. 8')UM) sq. ft. I' 8"(8 ft. 7'=» 8 ft. 7 in. Am. 

93 sq. ft. 4' — — — 

(i sq. ft. 9' 8" 

6jq. ft. 9^ 8" 

Explanation. 20 sq. in. is equal to T 8". 
Beginning the division, 11 ft. int.o 100 sq. ft. 
appears to go 9 times. But on multiplying 
11 ft. 8' by 9 W'e get 105 sq. ft., which is too 
big. Try 8. Then, 8 ft. x 8' = 64'= 5 s^;;. 

4'. Put down 4', carry 5 sq. ft. ; 8 ft. x 11 tt. 
= 88 sq. ft., and the 5 carried make 93, Sub- 
tract, saying, 4' and 9' make 1 ft. 1'. Put 
dow'n 9' and carry 1 ft., etc. 

Next 11 ft. into 6 sq. ft, 9'. or 81', go.^s 7'. 
Multiply the divisor by 7'. Thus. 7' x 8' 
56" 4' 8". Put down 8", carry 4'. Then 

7' X 11 ft., etc. 

175. In hnding volumes, we shall, of course, 
have to multiply linear fwt, primes, etc., into 
superficial feel, primes, etc. 

We have 

1 ft. X I' sai)er. 1 ft. x sq. ft. ~ eu. ft. 
Jr:. 1 cu, prime. 

1 ft. X 1* super. = 1 ft. \ sq. ft. = cu. 

ft. = 1 ou. second, and so on. 

Again, 

r X r super. = »q- ft = ®"-*‘ 

= 1 OU. second. 

1' X 1* super. = ft. X X sq. ft. = Xcu. ft. 
« 1 CU, third. 
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Example. Find the Toiume of a reetaagnlat 
solid whose dunensions are 6 ft. in.* 5 ft. 
7 in., and 3 ft. 4 in. 


5 ft. 

r 

3 ft. 

4' 

16 

9' 

1 

10' 4" 

18 sq. 

ft. 7' 4' 

6 ft. 

5' 6" 

Ill cu. ft. 8' 0" 

7 

9' 0" 8'" 

9' 3" 8'" 

12:)cu.ft. 2' 4" 4'" 

120 cu. ft. (288 + 48 + 4) cu, in. 
120 cu. ft. 340 cu. in. Am. 


Explanation. Multiply 5 ft. 7' by 3 ft. 4', 
as in Ex. 1 of the last article, obtaining 18 sq. 
ft. 7' 4". 

Next, 6 ft. 5J in. equals 6 ft. 5^*1 in., or 
6 ft 5' 6" 

Then, 6 ft. x 4" = 21" = 2', 6 ft. x 7' = 42', 
and 2' = 44' = 3 cu. ft. 8', and so on. 


Anawera to Arithmetic 

Examples 19 


1. A square field, of the same breadth as that 

in the question, would contain 30 acres ■+• 3 
= 10 acres = 48400 sq. yd. 

Therefore, Breadth of the field = -^^48400 
= 220 yd. The length = 3 x 220 yd. *■ 660 yd. 

2. Area of paper required = 2 (17f -f 13J) x 10 
sq. ft. = 2 X 31 J X 10 sq. ft 

Iwcngth required = fP yd. 

IJ X 3 

Hence, 


Cost = £ 


2x63x 10x4x8 


= £1 Os. 8 d. 


2x7x3x12x3x20 

3. Carpet costs 38. 3d. more per square yard 
than oilcloth. To cover the whole border w^ith 
carpet costs £3 ISs. more than to cover it with 
oilcloth. No. of square yards in the border 
= £3 188. 38. 3d. = 24 sq. yd. = 216 sq. ft. 
Area of floor = 21 x 21 = ^1 sq. ft. Area 
of carpet = 441 - 216 = 225 sq. ft. Side of 
carpet = ^7225 = 15 ft. Hence, width of the 
border=(21-15)-H2=3ft. 

4 . Area of the four sides of the cistern = 

2 (6 4) X 3 = 60 sq. ft. Area of bottom =6x4 

= 24 sq. ft. No. of square feet of lead required 
= OO4- 24 = 84 8q, ft. =84x 8-*-ll2cwt. 

X, . 84 X 8 X 61 , 

tost = — - . , - 8. = 618. = £3 Is. 

1 12 X 6 


5. Each of the walls would be 2 x 14 = 3 
times the area of the corresponding w’all m the 
actual room. The cost would therefore be 
3 X £2 178. 9d., or £8 138. 3d. 

6. No. of square yards in the field = £852 Os. lOd 
^ lOd. = 20449. Side of field = ^,'20449 
yd. = 143 yd. Length of fence required = 4 
X 143 yd. 

Cost = £iiL^2Ll = £228 Iftj. 

7. A box measuring 7 in.x5m.x3in. oon- 
tauiB 105 cuIm in. The given box contains 13125 
enbic in. or 105 onbio in. x 125. Thetelore, since 



tho volnmo of tho given box ia 125 times that of 
the other, each dimension of the givbn box is 
Vi25, or 5 times, the corresponding dimension 
of the other. The requir^ (hmensions are 
therefore 35 in., 25 in., and 15 in. 

Exaicplss 20 

1. A walks miles before he meets B. This 
takes him 3| x 18 mins., t.e.. 63 min. H 
v^ked for 63 + 3 — 66 min. The distance B 
walks is 4J + 1 — 5V miles. His rate is there- 
fore KJf of 61 miles per hour, or 5 miles per hour. 

2. Travelling at 50 miles per hour, the train 
will take of an hour, or 48 min., to go 40 
miles. This is 10 min. too long. It should 
therefore do 40 miles in 38 min. ; and, since it 
passes the station 2 min. late, it actually docs the 
40 miles in (38 + 2) min. Hence, its rate is 
1 mile per min., or W miles per hour. 

3. In still water, he rows | mile in 1 hour, or 
3 miles per liour. Against the stream ne rows J 
mile in { hour, or IJ miles per hour. Hence, 
stream’s rate = 3- 1| — miles }>er hour. 
.*. His rate down stream - 3 + 4J miles 
per hour. This is 3 times his rate up stream ; 
80 that, to r('tum, he will take ^ hour -h 3, 
- 10 min. 

4. The extra 2 miles of the ndurn journey, 

at 10 miles jKjr hour, takes of an hour, or 
12 min. Hence, had he returned by tho first 
road at 10 miles an hour, he would have taken 
12 12, t.e., 24 min. less than for the out- 

ward journey. But, at 8 miles |)er hour, I mile 
takes 7} min., and at 10 miles |wr hour, 1 mile 
takes 6 min. He takes IJ min. le.ss over each 
mile. Since he tak(‘s 24 min. less altogether, 
the number of miles in tho first road — 24 1 J = 
16 miles. Return road — 16 + 2 - 18 miles. 

5. The train passes tho man (I’.r., goes its own 
length) in 0 sec. It goes through tho station ( i.e., 
goes its own length and another 88 yd.) in 21 sec. 

It goes 88 yd. in 21 - 9, or 12 sec. Its rate, 
therefore, is 5 x 88 yd, in 60 sec. - ] mile in 
1 min. =^15 miles per hour. Ixmgth of tho 
train= distance it goes in 9 sec. -- of 88 yd. 
= 66 yd. 

6 . The first man is 4 min. ahead, t.c., of 9 
miles, or J mile. The second man gains on 
him 1 mile per hour. He will, therefore, over- 
take him in i hour, i.e., 36 min. The first man 
will have been walking (36+ 4) min., and will 
have gone J}{ of 9 miles, i.e., 6 miles. 

7. 5 miles per hour=: 1 mile in 12 min.; 4 
miles per hour= 1 mile in 15 min. Hence, in 
the second half of the journey, A takes 3 min. 
less over each mile. Since ho takes 15 min. less 
altogether, the second half of the journey is 1.5 
-4- 3, or 5 miles. The whole distance is, there- 
fore, 10 miles. 

8- P burns as many inches in 2 hours (8.. 30 to 
10.30) as Q burns in IJ hours (8.30 to 10). P 
bums for 6 hours (4.30 to 10.30) and Q bums 
for 4 hours (6 to 10). But P, in 6 hours, burns 
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08 much as Q would burn in 4^ hours. There- 
fore, since one was an inch lo’nger than the other, 
it is clear that Q was the short candle, and 
would have burned one more inch in half an 
hour. Hence, Q, burning 2 in. per hour, bums 
8 in. Ijctween 6 o'clo<i and 10. Thus, the 
required lengths are, P, 9 in,, and Q. 8 in. 

9. Working together, Ad(x)siin amount above 
half the work which occupies him for 1 day. 
When they work 8oparaU‘ly. B takes 2 days to do 
this extra pitx’e. Thus, A does os much in I day 
as B does m 2 ; so that , \vorking together, A does 
]j of the whole, and B does lienee, A doi's 
jj - I J of the work in a day. B docs A of 
it ill a day. Together they do ^ + A f 

it in a day, or the whole piece in 4 days. 

10. Noon on Monday to 8 a.m. on Wednesday 
is 44 hours. Thus, the clock loses 3 min. in 44 
horn’s. The clock was right when it had lost 2 
min., i.f., afttT of 44 hours, or 29 hours 2t) 
min. This will bo 5.26 p.ru. on 'ruesday. 

11. At 5, the large hand is 25 min. Iwhind the 
other. To be only 14 min. Indiind, it must gain 
25-14, or 11 min. on the other. But it gains 
55 min. in an hour, so that it gains 11 in of 
an hour., ».f., 12 rain. Ibe ref|Uired time is 12 
minutes past 5. 

12. Rate up stream -- 4.J - U - 3 miles pi'r 
hour. Rate aown - 41 1 11 - 6 miles per hour. 
.*. 'Fo have come the other 2 miles to the 
original starting- place would have taken an extra 
J hour, and the total time would lie 2 hours 
10 min. + 20 min. ^ 150 min. Since it tak<*s 
twice as long to go up as to come down, tho time 
taken to go up strtMim ~ ^ of 150 rain. = 100 
min. Ijj hour. Distance - Ij of 3 miles = 5 

miles. 

18. Tho hare takes 3 leaps to the hound’s 2, 
or 9 to tho hound’s 6. But the hound goes as 
far in his 6 as the hare goes in 14. 'Fhe hound, 
therefore, gains 14 - 9 = 5 hare's lemis in every 0 
l<*ap8 ho takes. Hence ho gains the 00 leaps in 
12 X 6, or 72 of his own. 

14. In IJ hours one rides IJ x 2 3 miles further 

than tlie other. Hence, they mu<;t IJ miles 
beyond half-way. Similarly, at tho faster rate, 
they would meet Ij miles beyond half-way. Now, 
if the foster man nad again ridden for hours 
at the quicker rate, ho would have gone lA x 2, 
or 3 miles further than he rides at th(3 slower 
rate. But in reality, he rides IJ - 1^, or J mile 
less than in tho first ease. Thus, .3 miles f J 
mile is the distance, he would go in the extra J 
hour, i.e., his rate would be 13 miles jK;r hour. 
But, at 13 miles per hour, he goes 13 x 1 } milo.s 
in IJ hours, i.e., 161 miles. This was i j miles 
l)oyond half-way. Hence, half tho distance is 
15 railes, and tho whole distance 30 miles. 

Note. In Examples 16, No. 4, for “ Ho 
broke 13” read ‘ He broke 113.” In tho 
solution of this example, on page 1131, read 
“number of eggs ho lost was 113. Hence, ho 
s#>ld (750- 113) ^ 49, or 13 eggs for Is.” 
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must now discuss certain important oxides 
and sulphides which have not hitherto been 
dealt with. Needless to say, here and elsewhere, 
we can deal only with the most important com- 
pounds. 

The Two Oxidea of Hydrogen. The 

normal oxide of hydrogen having already been 
discussed under the name of water, we may add 
a few words regarding the peroxide of hydtogen 
(HjjOjj), mentioned on page 693. This character- 
istic oxidising agent is a heavy, syrupy liquid, 
colourless, ai^ with a distinctive taste. It is 
nearly half as heavy f^ain as water. 

Sulphuretted Hydrogen. The most 
important sulphide of hydrogen has the formula 
HgS, corresponding to water (H.,0) — we have 
already seen that oxygen and sulphur should be 
classea together — and is a colourless gas, with the 
oharaoteristio odour of rotten egp, which owe 
their odour to the production of this gas from the 
sulphur contained in white of egg. The gas 
may, of course, be liquefied and frozen. It is 
found in the gases produced by volcanoes, and in 
the water of many medicinal springs, such as 
those of Harrogate. It is worth noting, how- 
ever, that by the mere administration of sulphur 
itself at home the body can as easily be subjected 
to the action of this medicinal element as by 
drinking sulphurous waters. The visitor to such 
a plao<^ as Harrogate derives much, if not all, 
his benefit from factors other than the waters. 
If breathed, sulphuretted hydrogen is poisonous, 
and, as might be expected, it is combustible, 
forming water if there be but a limited supply 
of oxygen, whilst the sulphur is precipitated, but 
forming lioth water and sulphur dioxide (SOo) if 
the supply of oxy^n be abundant. The com- 
monest way of producing sulphuretted hydrogen 
is by the decomiiosition of a sulphide, especially 
ferrous sulphide (FeS), by means of sulphuric 
acid. When we observe the formula of any 
sulphide, such as FeS, we see again the parallel- 
ism between oxides and sulphides. Amongst 
the other simple sulphides and oxides which 
are worthy of sj^ial mention there are many 
that have already been sufficiently dealt with. 
The following have not. 

Bisulphide of Carbon. Carbon bisul- 
phide, or bisulj^ide of carbon (CS:;), is formed 
oy the direct union of carbon and sulphur, and 
is thus strictly comparable with carbon dioxide 
(CO:.). This, howevoi, is a colourless liquid, 
which is heavier than water, and quite insoluble 
in it, while it gives off an extremely offensive 
and inflammable vapour. The products of its 
combustion are naturally carbon dioxide (CO^) 
and sulj^ur dioxide (BO^ ). Bisulphide of oarlxm 
is used in the manoiaoture of a large number of 
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indiarubber goods which r^uire to be vulcan- 
ised so that they may withstand changes of 
temperature. The process is very often pei- 
formed by using bisulphide of carlwn, for when 
indiarubber is dipped in the liquid it becomes 
pliant, its elasticity is increased, and it will no 
longer become hard. Unfortunately, the in- 
halation of this substance causes very s^'ious 
symptoms in many cases, and if its commercial 
employment is still to be continued, there are 
two precautions which should always be taken. 
The nrst i ^ that, since the effects are usually due 
to chronic poisoning, none of the workpeople 
should be allowed to work continuously at* this 
part of the manufacture, but there should be 
alternation of employment; and the second is 
that the most scrupulous care should be taken in 
ventilation, even to the extent of using fans, so 
as to prevent the vapour from being i^aled. 

Nitric Acid. We must now pass to con- 
sider an acid which ranks in importance with 
hydrochloric acid, already described, and sul- 
phuric acid, to which we shall soon come. This 
IB nitric acid, which has the formula HNO^. 
When discussing the law of multiple proportions, 
on page 695, we mentioned five kinds of molecules 
compounded of nitrogen and oxygen. Nitric 
acid is to bo regarded as the acid formed by the 
union of water and the pentoxide, as it is called 
— from Greek pento, five — of nitrogen (N.^Og). 
Nitric acid, with its powerful action upon almost 
all substances, does not occur as such in nature, 
and is usually obtained by turning it out from 
one of its salts, called nitrates, by means of 
sulphuric acid. The following is the equation, 
which the read-jtr will recognise as being exactly 
comparable to the equation we have already 
given for the production of hydrochloric acid 
from sodium chloride : 

NaNO,., -f H.,S 04 = NaHSO, -f HNO..^. 

We seo that the products of the decompo- 
sition are the acid required and the same acid, 
sodium sulphate, as was formed in the previous 
instance. Sulphuric acid is more poweHul than 
either of these others, and thus will turn them 
out of their compound. Nitric acid is a power- 
ful oxidising agent, and has very marked actions 
upon the human body : it stains the skin yellow. 
lU anhydride, as we have seen, has the formula 
Ns Oft, and is a white crystalline body wliicb 
forma nitric acid when aiiMed to water. The 
reader will be able, with a little thought, to 
write for himself an equation that reprosonta the 
change. 

Laughing Gas. The peroxide of nitro^ 
(NOs) is a reddiah gM Ydiich probably haa the 
formula stated at high temperaturea but the 
fonanla Ns 04 at lower temperaturea, aa if tbe 
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effect of .the hij^r temperatuiewere to epHt into 
two the larger molecules which occur when the 
gas is frozen. This gas cannot be breathed. On 
the other hand, nitrous oxide, having the formula 
N;>0, is a colourless gas, writh a not unpleasant 
sweetish taste and odour, which can be readily 
breathed, and is familiar as laughing gas. It 
ma^ be made in various ways, the simplest of 
which is heating ammonium nitrate, which is 
decomposed, yielding nitrous oxide and water, 
according to the equation : 

NH,NO,, - 2H,0 + N,0. 

This gas can be readily liquefied, and is sold, 
like oxygen, in steel cylinders, for medical 
purposes. It has the distinction of being, on 
some grounds, the oldest amesthetic, and is very 
largely employed in dentistry, w'hile it is largely 
coming into use in general surgery in combina- 
tion with other anaesthetics. The extreme safety 
which attends its use, and to which it ow^es its 
value, has a very interesting explanation. The 
essential part of the act of breathing may bo 
simply stated as the removal of carbonic acid 
from the blood, and the addition of oxygen to it. 
Now, most anaosthetics owe their action to some 
chemical combination which they form with the 
nervous tissue, but nitrous oxide appears to have 
an entirely different action. When breathed in 
place of air — more dangerous anflpsthetics being 
breathed in only very small proportions in air — 
nitrous oxide appears to form a temporary union 
with the heemogiobin, or red colouring matter of 
the blood, the normal business of which it is to 
form a similar union with oxygen. 

Action of Laughing Gaa. Tlius tho 
nitrous oxide completely deprives tho nervous 
tissues of that constant supply of oxygon which 
is necessary for consciousm^ss. On the other 
hand, the gas does nothing whatever to interfere 
with the other half of the pioooss of breathing 
— the removal of carbonic a<’id from tho blood. 
In accordance with the laws of partial pressure 
[see Physics], this process freely continues 
while the gas is beihg inhaled, and it is 
because the process is so extiomcly simple, and 
because the removal of tho poison is not inter- 
fered with, that this gas is so extremely safe. 
But, of course, it cannot act for long ; as soon 
as the mask is taken away, and the patient 
bieathes ordinary air, the pressure if the nitrous 
oxide in his blo^ becomes fai higher than the 
pressure of the minute quantity of nitrous oxide 
that may be in the atmosphere, and so the gas is 
rapidly exhaled, and under ordinary conditions 
the dentist cannot very well count on much 
more than a minute of anaesthesia. A very 
simple and signiheant experiment will serve to 
show the possible truth of the suggested explana- 
tion of the anaesthetic value of nitrous oxide as 
due to depriving the nervous tissues of their 
oxygen. If one eye be shut and the other be 
firmly pressed by the finger through the eye-lid 
whibt remaining open, in a very few 8*3Conds all 
objects will entirely di8app>eai . The explanation 
is that the pressure of the finger has momentarily 
prevented tho blood from circulating through 
tho retina, or nervous curtain at the of the 
eye, in which, without a continuous supply of 


oxy^n, sensation cannot bo aroused. It has 
lately been shown that if a high proportion of 
nitrous oxide be breathed together with air, 
ana^thesia for much longer periods than a 
minute can Ik> maintained with great safety, 
suitable for operations elsewhere than on the 
mouth. Wlien the gas is breathed in marked 
dilution, however, it produces much exhilaration, 
whence its name. 

Nitrous Acid. In contrast with nitric 
acid (HNO.J, wo must make the acquaint tuice of 
nitrous acid, which has tho formula HNO., and 
the anhydride of which, nitrous anhydride, has 
the formula This is a dark-blue liquid 

which is extremely unstable, and cannot exist 
at all in the gaseous state, but w'hieh, with ice- 
cold water, forms nitn>u8 acid. I’he rt'iuler can 
easily write an equation for himself which will 
prove that a molecule of w'ater and a moleeule 
of nitrous anyhdridv^, if combined, must yield 
two molecules of nitrous acid. Just as nitric 
acid forms nitrates, so nitrous acid forms salts, 
which are called nitrites. 

The stries of nitritesT in general have a very 
remarkable action upon tho body, an action 
which was first observeni in the case of the 
organic nitrite calkid amyl nitrite, but is shared 
by such salts as sodium nitrite. Tho common 
property of all these substances, whether organic, 
inorganic, liquid, gaseous, or solid, is to cause 
immediate and marked relaxation of all kinds of 
involuntary muscular tissue in the body — an 
action not yet explained ; but it is to this that 
they owe their n^markable and almost unique 
value in tho treatment of pain of the heart, 
asthma, and all forjns of colic. 

Sulphur Dioxide. Sulphur and oxygen 
form two very imj>ortant combinations with 
each other. One of these s sulphur dioxide, or 
sulphurous anhydride, already ref<‘rr(*d to, 
having the formula SO. ; whilst tho other is 
sulphur trioxido or sulphuric, anhydride, 
which has the formula SO-j. Sulphurous anhy- 
dride, together with a certain quantity of the 
trioxidc, is formed w'hen sulphur is burm^d in 
air, and is the agent of fumigation, or disinfection, 
by sulphur. It is a colourless gas with an 
extremely pungent smell, much more powerful 
but less di8agro<‘.ablo than that of sul})huretted 
hydrogen. It is a true disinfectant, l)eing 
antagonistic to all forms of life. But this is not 
to say that the fumigation of a sick-room by 
means of sulphur, as ordinarily practised, ij 
anything but a pitiable and dangerous farce. 
It is one of the first axioms of natural philosophy 
that a thing cannot act where it is not. Rea^rs 
of the course on Physics will rememljer our 
difficulties in this resp^t in relation to tho force 
of gravitation. Similarly, sulphur dioxide, 
though an excellent antiseptic, cannot act 
where it is not, and, as a rule, it never reaches 
those very places where the microbes of disease 
are hidden. In order to utilise properly its 
disinfectant powers, a room should first be 
practically emptied and should then have a very 
large quantity of sulphur burnt in it, while all 
outlets for the gas are rigorously closed. This 
may most onpleasantly affect the appearance 
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of the room, hat it will be cflfective. The kind 
of fumigation that doss not hurt the room does 
not hurt the microbes. 

oulphuroun Acid. We have called this 
gas an anhydride, and its acid, of coarse, must 
have the formula H^SO;,, which is obviously 
obtained by adding togck'her the formulas of 
water and sulphur dioxide. At low tempe- 
ratures this acid is stable, and is thus com- 
parable with nitrous acid. It forms sulphites 
just as nitrous acid forms nitrites, a typical 
example being sodium sulphite, which naturally 
has the formula Sulphurous acid 

is a weak acid and is readily turned out of its 
compounds hy means of other acids, such as 
Hulpnuric acief or hydrochloric acid. 

Sulphur Trioxide. Sulphuric anhydride, 
or sulphur trioxide, SO.^, is a white cprstal- 
line solid. It is loss stable than sulphur dioxide, 
and one atom of sulphur can be persuaded, so 
to speak, to combine with three rather than with 
two atoms of oxygen, only if the conditions are 
made specially favourable. The trioxide is 
decomposed into the dioxide and oxygen at the 
temperature at whioh sulphur bums, and hence 
cannot be produced by this means. But if a 
mixture of dry sulphur dioxide and oxygen be 
passed through a rod -hot tube coat^ with 
platinum, the trioxide is formed by one of those 
most curious actions which resemble those of a 
ferment, and are often called catalytic. When 
we discussed platinum, we noted the singular 
chemical properties which it possesses, being 
able, for instance, to induce such chemical 
actions as the direct union of oxygen and 
hydrogen at ordinary b'lnperatures. It was 
there argued tliat in all prolmbility the platinum 
nets by breaking up a certain number of the 
gaseous molecules, so that the atoms thus 
divorced are liable to seek new partners. The 
formarion of sulphur trioxido is another illustra- 
tion of this argument. 

Sulphuric Acid. We have called the 
trioxide an anhydride, and on combination with 
water it forms the vo^ important acid known 
as sulphuric acid (HjjS 04 ), tne formula of which 
is obviously obtained by adding together a 
molecule of water and a molecule of the trioxide. 
Of such great importance is this acid that the 
amount of it that is used in any country can be 
employed as an index of its measure of material 
civilisation. At least this is what has been more 
or less jokingly said, and certainly many means 
of judgment much less accurate are often em- 
ploycHi. It might be thought that the easiest 
way to prepare sulphuric acid (which does not 
occur in nature) would be to oxidise directly 
sulphur dioxide, meanwhile adding water to it, 
but owing to the cause we have already named, 
this is not possible. The actual process of manu- 
facture is of some complication. The essential 
principle is that sulphur dioxide is obtained by 
burning iron pyrites (FeS^), and that by means 
of nitric aoia fumes the dioxide is farther 
oxidised into ^e trioxide, the oxides of nitrogen 
in the fumes acting as oxygra oairiera. . When 
the pure acid is finally o£^ned it is found to 
be a thick, colourless, heavy liquid, which has 
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an extraordinary affinity for water, so much so 
that it is practically impossible to obtain 
sulphuric acid that is entirely free from water. 

Anbydroua Sulphuric Acid. It is 
unsatisfactoxy to say, as is often said, that it 
is impossible to obtain ** anhydrous sulphuric 
acid,'^ because we might reasonably expect 
that term to indicate sulphur trioxide. At 
any rate, this acid forms true compotmds 
with water, which may perhaps be called 
hydrates. When it is mix^ with water, not 
only does the resulting product occupy lees 
volume than did the water and the sulphuric 
a?id before they were mixed, but there is also 
the evolution of much heat, whioh, as the doctrine 
of the conservation of ener^ teaches us, has 
to come from somewhere, ana whioh implies the 
satisfaction of potential chemical energy pre- 
viously present in the sulphuric acid and the 
water, and the transformation of that energy 
into the form of kinetic ex^ergy which we o2[l 
heat [see Physics]. 

Use* of Sulphuric Acid. Ihus, 
sulphuric acid may be used in order to dry 
gases and other bodies, and probably the most 
marked of its properties in relation to living 
matter are due far less to its character as an 
acid, though this is marked enough, than to 
its character as a withdrawer of water, or a 
dehydrator. This process of dehydration, or 
the removal of water, causes the characteristic 
marks of the action of sulphuric acid — we saw 
that nitric acid turns the skin yellow ; pure 
sulphuric acid makes it black, and has the same 
action on wood and sugar. Indeed, it chars 
these substances, and the black is simply carbon, 
or charcoal. 

The case of sugar is the simplest because this, 
as we shall afterwards see, is a carbohydrate — 
that is to say, a substance consisting of carbon, 
hydrogen, and oxygon, the two latter being 
present in the same proportions eis they are in 
water. Thus, to speak somewhat loosely, the 
reason why sulphuric aefd chars sugar is that it 
removes all the vrater — strictly speaking, the 
elements equivalent to water — that enters into 
its composition, leaving merely the charcoal 
behind. The acid has countless practical uses — 
in the preparation of other acids, as we have 
already seen, in the manufacture of sodium car- 
bonate and caustic soda, these being quoted 
from hundreds. 

One peculiar use may be mentioned because 
of its chemical interest. When we were dis- 
cussing lead w'e saw that certain of its soluble 
salts may be taken into the system, either in 
drinking water or by contamination with the 
food from the fingers of workers in lead. 
We commented upon the need for scrupuloas 
washing of the hands before eating in such 
cases. Here we may add that a recognised 
device for preventing lead poisoning amongst 
workmen is the drinking of what is rather 
ironically called **8alidiaric acid kmoaade.’' 
This is essentially a very weak sohitkm of 
sulfuric acid in water, and it owes its virtnes 
to me fact that the aotd, acting on any (XNBipoiuids 
of lead that majr have been swillow!^ wifi form 
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sul|4iate of lead, which is insolnble, and which, 
not being absorbed, is entirely harmless. 

Sulphates. Certain sulphates have alrt^ady 
been referred to. We may note the names 
of coZcittm sulphate (CaSO^), which, imder 
varying conditions, is known as gypsum, ala- 
baster, and plaster of Paris ; magnesium sul^ 
phafe (MgSO^), which abounds in the mineral 
springs at Epsom, and hence is called Epsom 
salts; zinc sulphate^ which is an antiseptic and 
astringent, and thus also of value in medi- 
cine; ferrous sulphate (FeS 04 ), which, having 
nothing to do with copper, is unfortunately 
known as copperas^ or, much bettor, as green 
vitriol ; copper sidphate (CuSO^ ), known as 
blue vitriol — ^the term “ vitriol ” or ** oil of 
vitrior* oeing often applied to stiong sulphuric 
acid. The word is derived from the Latin 
rifrum, glass, since the acid and many of its 
compounds in certain states have a glassy appear- 
ance. But there is a further class of sulphates 
to which special reference must be made. 

Alums, ITie word alum is very frequently 
confined to what should properly be called 
potash alum; but, in the general sense, an alum 
is a double sulphate consisting of the sulphate 
of one of the alkali metals, together with a 
sulphate of aluminium or one of the metals 
belonging to the aluminium group. They 
all correspond to potash ahim, the formula of 
which is variously renderc'd, as intelligible a 
reading as any being KA1(S0,).^, I 2 H 2 O. 
They all form eight -sided crystals, so that 
if a crystal of one of the alums bo placed in 
a solution of another, the crystal is covered by 
a crystalline layer derived from the solution. 
Tliis is made the more easily possible since they 
all contain the same number of molecules of 
w'atcrof crystallisation. All the alums are readily 
soluble in water, they all have an astringent 
taste, and an acid reaction to litmus paper 
and the like. Thus, in every w'ay, they form a 
very definite class. The most important alums, 
after potash alum, which has been so long known, 
are those containing ammonia, chromium, iron, 
and manganese. The chief use of ordinary alum 
— that is to say, potash alum — is as what is 
called a mordant (from the Latin nwrdeo, 1 bite) 
— that is to say, a substance which so affects 
cloth dipped into it that any colouring matter 
afterwards employed stains the fibre much more 
permanently. This is due to the relation of 
alum to colouring matters, with which, as we 
have seen, it forms the precipitates called lakes. 

Many other -oxides are of importance, and 
some of them have been previously referred to, 
but we must pass them and discuss a few 
other compound, which are mostly of small 
importance in themselves, but are of interest 
bemuse some of them introduce us to fresh 
ocnnplexities, the memory of which may help us 
when we pass on to the chemistry of the csrlx>n 
omnpotm^. 

Derivatives of Ammonia. Ammonia 
(NH 5 ) may, of course, be described as a nitride 
d hydrogen, and in referring to the alkaloids 
we have seen the theoretical importance of this 
sabetanoe, since one or more of the hydrogen 


atoms may be replaced by innumerable atopiio 
combinations, siicn as those which constitute 
the alkaloids. But there arc other nitrides of 
hydrogen. That which has the formula 
resembles ammonia, and is known as hydrazine. 

Of much grtmter intorost is the compound 
with the H>rmidahle name hydroxylumine. 
This name, however, has good sense in it. 
The first part of it, hydroryl, is applitKi to the 
atomic group, — OH, wiiich is founu in combina- 
tion with so many other kinds of atoms and groups 
of atoms, the simplest cast^ of course, Ixing 
water, the formula of which may Iw written 
H — OH. The meaning of the term hydroxyl 
must be carefully remembered, since, though 
hydroxyl never exists by itsidf, it is one of the 
most freauont and important atomic combina- 
tions in tno whole range of chemistry. Amine, 
the rest of the long word w^e have quottni, 
is the name of an almost equally important 
atomic group, Hence the formula of 

hydroxylamine is given in its name, once the 
moaning of the name is explained. It is, of 
course, NHoOH. Now, suppose this were 
written in tKe shortest |X) 8 Hibfu way, it would 
run NH.,0, and there would be no comprehen- 
sion of the presence of the oxygen atom, but if 
we write it properly, NH .OH, w© 8 t»e that this 
substance may l)o regarded as ammonia, one 
hydrogen atom of which has been replaced by 
hydroxyl. We may oven, by wray of illustrating 
the meaning of the graphic formulas to which 
we must soon come, verrture on a little drawing 
to show what may be supposed to have happtmed. 
The lines represent the “ hands ” of the aloms : 

Hydroxylamine is known in solution in water 



as an alkaline liquid. When this is distilled 
some of it passes off unchangKl, while the rest 
is decomposed, forming ammonia. As may bo 
expected, if we compare the formuh^ of hy- 
droxylamine with, say, the formula of caustio 
potash (KOH), this substance is an alkali and 
forms salts with (tcids. In looking at the for- 
mula of caustic potash, the reader will recognise 
the last two letbjrs as constituting the hydroxyl 
group. 

The Amides. Hydroxylamine is also of 
importance, as w(^ may us© its formula in order 
to remind ourselves that hydroxyl and amine 
can take each other's places in various com- 
pounds. For instance, there are known com- 
pounds call(Hl sodamine and pfdasaamine, the 
formulas of which are NaNH.j and KNHij, 
obviously oorresponding to NaOH and KOH, 
the amine group having taken the place of the 
hydroxyl group. These are simple instances — 
zinc amide, Zn(NH.j).j, being only slightly more 
complicated — of the countless compounds of 
ammonia. Another, which is of importance 
because it is so often put to practical ends, is 
the substance which is popularly known as 
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whUe precipitate. This is a compound of 
ammonia and perchlorkle of m^cury o: oorrosivo 
sublinc^tc and its formula may variously be 
written If a solution of corrosive subKmate 
act upon ammonia, this body is formed. 
Its composition may be most conveniently 
written NH.jHgCl — the reader will rememl>er 
that HgCL is the formula of perchloride of 
mercury, not HgCl. This last, however, is 
the formula of the subchlorido of mercury, or 
mercurous chloride, and this has a similar 
interaction with ammonia, forming a substance 
of no importance. 

Phoaphoretled Hydrogen. Phosphorus, 
we rememlK^r, lielongs to the nitrogen group 
of elements, and so, if the grouping of the 
elements means anything, wo may reasonably 
expect that there should be compounds of the 
other elements of this group with hydrogen, 
corresponding to the compound ammonia, and 
this is so. For instance, we know the phosphorus 
compound, which naturally has the formula 
the arsenic compound (AsH.J and the antimony 
compound (SbH .). 

Of these, by far the most important is phos- 
phoretted hydioj^on, often cdled phosphine 
(the others are similarly sometimes known as 
arsine and stibinc). Like ammonia, phosphine 
is a colourless gas, poisonous, having a horrible 
smell, but, unlike ammonia, insoluble in water. It 
may be formed in various ways — as, for instance, 
by boiling a strong solution of caustic potash 
containing free phosjihorus. In these ana other 
methods of manufacture, groat care has to be 
taken to distiose of another phosphide of 
hydrogen (P.JH 4 ). which is liquid and very 
inf!ammah](% even at ordinary tompt^ratures. 
A third compound, containing still more phos- 
phorus in proportion, is solid (a rod powder) 
and has the formula P 4 . Now the paiallelism 
Iwtw’een phosphine and ammonia is still further 
illustrated by the fact that with certain acids 
it forms salts which precisely correspond to the 
salts of ammonium. For instance, there is the 
salt called phosphonium bromide, which has the 
formula PH^Br, andw^hich exactly corresponds, 
both in its mode of formation and otherwise, 
to ammonium bromide (NH 4 Br). 

Alloys and Amalgams. Last among 
inorganic compounds we may refer to the alloys 
and amalgams, and in the first place it is necessary 
for us to recall the very do^atic statements w'e 
made on page 692 regakling the difference 
between a mixture and a compound. If that 
difference were a real one, then we must apply 
the test which it furnishes to these bodies 
and must so ascertain the class to w'hich they 
belong. The difference between an amalgam 
and an alloy is only one of convenience, the 
former word being used, as we have seen, to 
indicate a metallic mixture or compound which 
iK>ntains mercury, and the latter to indicate 
one which does not. 

Now certain alloys — by which for the moment 
we will include amalgams — do not answer at 
all to our test of a compound. There is no 
chemioal combinatioii because, for one thing, 
th^ is no definiteness of composition. Hie 
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law of fixed proportioiis is not observed. These 
may, therefore, be regarded as solid solutions Of 
one metal in another. On the other hand, 
certain alloys have a real claim to rank as com- 
pounds, while a large number are partly com- 
posed of a true compound and partly of a mere 
mixture. In discussing steel, we saw how |^r^t 
may be the practical rnfficulties of determining 
the exact line at which we are entitled to caU a 
substance a compound rather than a mixture. 
What, for instance, constitutes the difference 
between oast iron and steel, if it is not that in 
the latter the carbon is combined with the iron ? 

And then the question arises whether we 
should not rather say that the carbon is 
dissolved in the iron, steel being thus a solid 
solution of one element in another. Of course, 
carbon is not a metal, and so steel is not strictly 
an alloy, but hydrogen has long been regarded 
as either a metal or the equivaknt of a metal, 
though Sir James Dewar’s production of solid 
hydrogen, which does not resemble a metal in 
any way, scarcely consorts with that long-held 
theory. For convenience, however, we m^y 
regard the compounds of other metals with 
hydrogen as alloys, and so, under this heading, 
we may note the hydride of sodium (Na,H), 
which is formed by the interaction of hydrogen 
and sodium ; the alloy between iron and hy<&o- 
gen, found in many meteors; and the extra- 
ordinary alloy between palladium and hydrogen. 

Some Remar Kable Alloys, Palladium, 
the reader will remember, is classed with 
platinum, and the remarkable absorption of 
gases by this latter metal has already been 
d(? 8 cribed. Now, palladium absorbs, or we may 
say unites with, not far short of a thousand 
times its own volume of hydrogen to form a 
body to which we may allot the formula P.jH. 
This is a metallic body which must be called on 
alloy, and it is decomposed by heat, the absorbed 
or combined hydrogen being liberated. 

The very interesting ammonium amalgam 
has already btwn dt^scrilxKl, because it affords 
us some proof of the existence of the supposed 
compound metal, ammonium. Parallel with it is 
sodium amalgam, w'hich is doubtless not to be 
regarded as a true compound. To numerous 
other alloys we have already made references, 
especially to bronze, which is of such great 
historic interest, but completely to treat of the 
subject of alloys, or even to do so for the prac- 
tical man alone, would require a course in itself. 

We can allot no further space to the dis- 
cussion of inorganic compounds. The colossal 
and daily growing subject of radium and radio- 
activity, unknown to the ordinary text -book of 
the p^t and really of more importance than 
anytning with which they dealt, is yet before us, 
and can by no possibility be briefly disposed of. 
Hence, without further delay, we must proceed 
to a discussion of the laws of chemistry, to which 
we have made only incidental reference hitherto, 
since the logical method, and the method by 
which the laws were actually discovered, is first 
of all to ascertain the facts, and then to infer 
the laws from them. 

Continued 
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By W. S. 

Gilling and Combing. Wools of long 
stapfe cannot be treated on the carding engine ; 
fibres like the 'ivools of the vicuna, alpaca. 
Angora goat, Lincoln sheep, and others of the 
long-wo(^ed ctnimals, would only tangle and 
break on the teeth of the cards. Purtner, the 
character of the worsted thread requires that the 
fibres should be made to lie even and parallel — 
an object not exclusively aimed at in carding. 
We have need, therefore, of a machine which will 
do for the long wools what the scribbler does for 
the short wools. This is supplied by what are 
named gxU-hoxta. 

billing Machine. Gilling is a minor 
operation, but as it operates on principles used 
in other departments, a short survey of the 
machine may be profitable. The main parts 
of the gill-box or gilling machine [64] arc* a 
feed-board, fluted feed-rollers, a scries of combs 
set in slides, screws parallel to the feed-rollers, 
and drawing-off rollers at the end. Feed in the 
wool and put on the drive. The rollers take 
in the wool and deliver it to the parallel comb ; 
the comb travels forward, followed by combs 
similarly acting, which, while drawing off their 
own shares, support the ends of the wool held in 
the teeth of the first combs. In this procession 
they go till almost touching the drawing-off 
rollers ; the moment the fibres arc taken hold of 
by these last, the comb drops down, deserts its 
fibres, and returns to the point of starting ; the 
other combs iwrform in the same way. Note 
the effect. The feed rollers travel slowly, 
delivering wool at less speed than the combs 
would taJko it, and they therefore draw it out. 
The drawing- off rollers run at a speed still higher, 
and pull the fibres out of th(* teeth of the combs, 
giving the wool a further dragging, and, as a 
oonsequenocr, refining. 

Combers. Usually, a balling apparatus 
is attached to the gilling machine ; but 
either in the form of the balled coil of the 
gill, or the coiled sliver from the carder, 
the wool is now taken to the combing 
msohine. Among the many combing machines 
we feel rather embarrassei ; they are not ho 
many copies of an expired patent, but houpst 
expressions of ingenious ideas. The history of 
no machine that we know contains so many 
names worthy of respect : Heilmann, Donis- 
thorpe. Lister, Preller, Crab, Platt, Noble, 
Holomi, and M’Naught, to mention only a few. 
Most of these names represent a different 
machine, and we cannot unoertake to study each 
one of them. The root principle of all, however, 
is contained in the original invention of M. Josue 
Hethnann, a French native of Akace, and to it 
wp ahail turn our attention fiirst. The central 
part of this machine is a cylinder, divided into 


MURPHY 

four sections, two with teeth, and two plain ; 
rojeoting from the outc^r side of the machine 
ang a pair of lar^ nippers, bet ween the legs of 
which Bits a combing guide ; at the side of these 
run a pair of rollers, movable from the position 
beside the nippers down to the front of the 
cylinder. 

Heilmann’a Combing Machine. In 

this machine, shown in 65, the sliver is 
fed on to the guide combs D, E, and passes in 
between the open jaws F of the nippers B ; 
as soon as enough wool has passed, the nippers 
close down ; a tuft of fibre projects, and of this 
the toothed sootion of the centre cylinder seizes 
hold, drawing it out, while the nippers also hold. 
The plain section of the cylinder cornea round and 
Hets the drawing rollers A going by friction, and 
these pull in the wool while the nippers relax their 
grip, with the same action pressing the wool well 
do'W'n on the guide combs 1), E. In those acts a 
combing action is apparent, but it is not enough. 
The drawing rollers A swing round and present 
the other ends of the wool to the second toothed 
section of the cylinder, and it pulls firmly at 
them ; the plain section of the cylinder succeed- 
ing. it gives the drawing rollers an opposite turn, 
and they draw out the wool to the delivery rollers 
C. Under the largo cylinder works a doffing 
apparatus ((» and H), which clears off the 
noils, or remaining fibres, from the teeth of 
the cylinder. 

Lriater’a Patent Combing Machine. 

Even before it had been very well known in 
this country, the French inventor had consider- 
ably improved on the simple model wo have 
examined ; but the principles were not altered. 
Whether original or imitative, it is impossiblo to 
say, several combing machincH on the nipoor 
principle began to appear on tJie market. The 
most notcw'ortliy of these was the combing 
machine of Messrs. Lister, of Manninghara. 
Though so vastly improved as to be practically 
a new machine, Lisvcr s combing machine 
was adjudged by the British ('ourts to be an 
infringement of lleilmaiin's patent. Messrs. 
Lister bought up the Ifeilmann patent rights for 
£3O,0tM), and never used them. The Lister 
combing machine is circular in form, and a large 
proportion of the combs of other inventors are 
also of that shape. We shall therefore try to 
study the general structure of the circular 
combing machine as, such, without special 
reference to any particular patent. 

Circular Combing Machine. Round 
the circle of the machine [67] are the combs C, and 
within are the screw-gills BB, brushes, and other 
appliances. Acting on each other and the wool in 
a irather complex way, the parts of the machine 
require to be observed very carefully in motion. 
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64 . DOUBLE HEADED OlLI.-BOX, WITH TWO SETS OF SCREWS AND FAI.LERS FOR 
THE WORSTED TRADE (Tayltn. WanlKWorlli & Ok, LetUb) 


machine has been 
well designed lor U« 
function. Combed 
from the fallers, 
combed from the 
carrying comb, and 
hnafly combed from 
the "circling comb, 
the fibres are made 
straight and parallel. 

Other Comibing 
Machines. In 
most of the principal 
details the other 
models of combing 
machines closely re- 
semble the kind 
described. One 
machine, however, 
largely used, differs 
so much from the 
others that it should 
be o bser ved. On the 
end of thiB machtne 
[68], which is named 
the ‘"Eastwood/* the 
wool is laid in laps. 
Drawn out from the 


The wool sliver is fed into a screw gill-box lap by a series of gill combs, the wool is borne 

similar to that we saw in the gilling machine ; fomard to a nipper, which draw's it out of the 

but the variations are important. The gills or gill teeth, and so combs the one end. From the 

faller-combs, as they are named because of their nippers the fibre is borne and thrown over the 

falling aedion, are closely set with fine teeth circling comb. On the outside of the circle 

and slightly depressed in the centre; above the the drawing rollers are keeping watch over the 

faller-combs a (iabbing brush (A) is geared on an comb, and as it comes round with its spoil 

eccentric cam, so that it moves up and down they pull the wool through from its teeth, 

on the top of the comb. Borne forward on the combing the other end, and leaving the noils 

faller-combs, the wool is brought up to a pair inside the circle, w'hence tluy are carried away 

of nippers (D); as it moves toward the lattei by knives and deposited in a can placed to 
f,he brush deset nds and drives the wool deeply receive them. The sliver is wound on to a ball, 

into the comb teeth. Tlu* upper jaw of the to lx* ready for the drawing process. Tliis 

nippers is a fixed blade ; the lower jaw is the machine docs very w'ell for short wools and 

movable imrt, a groove in the latter foiming (ottons. Regarding the combing of the latter 

the channel for the upper blade. Swift ocdion it is needless to say much. Of course, the 

now takes place. The faller-combs close up comparative shortness of the longest cotton 

to the nippers; the jaws close over the tuft fibres presents some difficulty, but that has Ix^en 

of wool ; the faller drops to give place to its overcome, w'ith n*markable success, by adapting 

successor, leaving the wool in the nippers with the combing machine to the short staple, 

a dragging mot ion : the nippiTs (D) swing aw'ay Silvers of Waste SilR and Ramie, 
and encounter a carrying comb (E),w'hich catches The younger fibres of the textile 

on to the tuft of wool ; the nippers open and vvorld are sometimes unjustly 

swing back to meet another faller, leaving treated. We have such a wealth of 

the carrier comb in posm^ssion. As its ^ machines already, it 8£*em8 w’asteful 

name implies, the functions of the carrier to invent special contrivances in order to 

comb is merely to bear the ^ them. Waste silk has been accom- 

wool from on© point to an- j | modated with special machinery, as we 

other. It turns over to the | W have seen, in the earlier stages of prepara- 

eiroling comb C, the tiMsth of ^ tion, but in the latter processes the 

w'hich accept the wool, and anothei brush temptation to utilise or adapt the 

(G) comes dowm and drives home the gift ’ machines already in use has proved too 

of the carrier servant. Round goes the . strong. Thus it has come that we find a 

circling comb, receiving ever more wool ; large variety of machines formii^ the 

but in its movement it comes to the ISPF n sliver of waste silk. As a rule, the principle 
drawii^ rollers, which pull the fibres rr »p.rr.iif Aitfv*Rof locul adaptation works most strongly, 
from its teeth and form them again cdIrBER ootton-manufacturing districts cotton 

into a continuous sliver. An iUustra- machinery is utilised ; in the woollen 

tion of an improved machine is shown in 67 . districts woo) carding and combing machines 
It will readily lx? perceived that the combing serve the purpose ; in a factory here and there 
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special maohiros have been contrived, but even 
these have veir little originality about them, 
and are mostly oo^^bin^ borrowings from 
^ose tools with ^ 

which the inven- , - 

.tors h>ve be en __ o ,* 

most .Hinifc 

familiar. I f I I IB 

Nothing ^ 
coul^ be 

more natural, and in the 
abstract one might admire 
it whole-heartedly, but the 
bristling difficulties the 
phenomenon presents to 
the student modify some- 
what our approval. 

Roughly spesdeing, waste 66. ustkr’s comber 
silk is treated here, in the 
cotton districts, like cotton, and there, in the 
woollen districts, like wool ; but when we come 
to strict practice, those generalities will not 
wprk. You cannot put a batch of waste silk 
material through the cotton card just after a 
run of cotton. Leaving these generalities, 
therefore, let us get down to particulars. 

Loag, Medium, and Short SilK Fibre*. 
There are three ways in which the raw material 
of waste silk can bo made into a 
sliver fit for the beginning of the 
spinning process, and these correspond 
to the three classes of fibre we obtain 
from the dressing machine. First, 
wo have the long fibres, and these 
are best treated on the long-wool 
combing machine, or 
a partial modifica- 
tion of it. Secondly, 
there are the short 
fibres, which 
can be very 
well dealt 
with by the 
finisher card 
of the long- 
stapled cot- 
ton, if the 
cylinder bo 
properly set 
to suit. 

Thirdly, we 
have left the 
noils, which 
will readily 
• pass through 
a carder set 
for coarse 
cotton or 
short-stapled 
wool. 

SilK Carder. 

But we are not 
altogether de- 
pendent on the 
machines bekm^ng 
to . other textiles. 

machine has 
been built specially 



for long-stapled, strong fibres, and may be 
used for the sliver of w'aste silk and ramie, 
all that has been said previously applying to 
tlie latter fibre as well. 
This is a very compact 
and serviceable machine. 
Its principal parts are 
an cndlesi feed sheid, 
a pair of fiuted rollers, 
a pair of tooth-covered 
endless bands working over each other, a wide 
tooth-clad cylinder, with a worker roller and 
two strippers. These parts successively tak<' 
hold of. the fibre in the usual course. l.»aid 
evenly on the feed band, the fibres are carried 
up to the fluted rollers, which diliver 
them to the endless carding sheets, eaih 
stretched round two rollers. Running at 
a higher speed than the feed rollers, the 
sheets draw out the fibres and divide tlu'ui 
finely. The great cylinder in the cenfcie is going 
at high speed, and its teeth dravr away the libres 
from tlie endless sheets. Looking at the way 
the cylinder takes on the fibres, one would 
almost think that the doffer w^ould 1 k^ enough 
to finish off the work ; but the operator has 
found that something more was needed, and so 
wo have the uorker and utrij)|)erM. These rollers 





67 . enu^TTLAR COMBIKO MACHINE (TayloV, WorUfw<rtrth A Co., UeiU) 
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play in the ffive and take style of thetr kind, 
refusing to let any fibre pass till the cylinder 
has it lying straight and even. Then the doffing 
apparatus com'3H into play, and forms the fibres 
into a long, filmy sliver. 

Knota In Waste SilR. Ramie, as wo 
have said, is at present subjected to the 
same treatmekt as waste silk. In must be 
added, however, that the newer fibre responds 
more readily to the wishes of the operator. 
When we have got the latter into a sliver, 
it is altogether smoother and finer than waste 
silk fibre. While the latter has within it 
many little knots and irregularities, defiant 
of all our care, ramie is very smooth and glisten- 
ing. That is to say, the silk fibres are even 
enough, but on each individual fibre there remain 
small and, as yet, imperceptible knots, which 
are certain to give trouble m the future. If it 
were possible to make yarn out of only two or 
three of the fibres, the small irregularities 
might not matter ; but we have to remember 
that it takes nine or ten of the fibres to form our 
thinnest yam thread. An im|K?reeptible defect, 
if multiplied ten times, will liecome a very 
apparent one. Put two jKjints on ^ degree beyond 
visibility together, and they are |>eroeptible ; 
odd another eight, and they will have Income 
a knot of considerable dimensions. That i.j 
one of the facts against which ^e have to con- 
tend all through the manufacture of the finer 
toxtilcB. Wasto silk fibre shows a combination 
of knots very prominently, and special meant 
require to Ix^ adopted to clear them away. 
On the other hand, ramie is singularly free from 
that defect, the fibres being finely regular m 
structure. After the sliver of ramie has been 
formed, the spinning process is very straight- 
forward. 

Spreadboard. This machine [69], which 
performs for flax the same service as the carder 
does for cotton and wool, has imparted to 
textile-machine makers many of their host 
ideas. The silk-filling engine, the various 
combers, and several other machines, owe 
some of their most important parts to the 
spreader of the flax lino. Line is the name 
we give to that flax which has survived the 
hackling, and the short fibre is called toiv. Tow 
IS dealt with in a difforont way, as we shall see. 
Lino is the best of the flax. From the sorters’ 
benches it is brought to the spreader in bundles 
of stricks carefully kept individual. The 
worker who attends the machine has the flax 
stricks laid down lieside the machine within 
easy reach, for this machine is still fed by 
hand. What is the precise reason for continuing 
the hand feed we hardly know. It is nonsense 
to say that no mechanical appliance is equal to 
the task ; on the contrary, the weighing principle 
which is applied to the finished stiver wt)uld 
greatly aid the accuracy of the work if ii were 
applied to the feeding apparatus. This may be 
too bold. Let us, therefore, hasten to look at 
the machine itself. 

A spreadbomt) consists of five principal parts : 
(1) The holding rollers, which take the flax from 
the feed-board and deliver it slowly to the gills 
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or faller-oomhs ; (2) the screw-gills, or faller- 
oombe ; (3) the drawing rollers ; (4) the doubling 
bars, which are not bars at all, but a single plate 
of metal through which Ire cut diagonal slits, 
inclining to an angle of 45° ; (5) the delivering 
rollers, which convey the sliver to the cans 
standing at the end of the machine. 

Motion of Gills. Looking more closely 
into the machine, we see that the gills, 
or combs, are set upon screw- bars running 
parallel with the sides of the frame, ^here 
are two sets of screw-bars, one above the 
other. When the combs have reached the end 
of the upper bar they drop down on to the second, 
and, travelling along the revi^rsed screw, get 
back to the point of starting, where by a cam 
movement the lower bar lifts them up to the 
level of the top screwy on which they resume 
work. 

There are a few other peculiarities in the 
machine, but these can best be observed in the 
working. The stricks are laid evenly on the 
feeding apron, which is an endless band, like 
all textile food-bands, though this one is generally 
made of leather. The feeder must carefully 
watch not to toss the fibres or disarrange them 
in any way, laying the root ends in first, and 
tlie end of each successive strick well up to the 
middle of the one before it, so as to make sure 
of a continuous lino of fibres. 

Combing the Flax. Beyond the feed- 
hand is a seritM* of vertical ste^l plates, well 
namcKl c'onductors, w’hich keep the fibres 
straight and guide them to the feed-rellers. 
Passing through the feed-rollers, the flax is 
taken hold of by the gill-combs, a row of 
which just come bobbing up at the proper 
moment, and they carry forward the fibres 
wuth a spiral motion, opening out, combing and 
drawing, as they go along. Arrived at the 
drawing rollers, the combs bid adieu to the fibres, 
dropping down, while the swiftly running drawing 



(Platt Brua. & Ca, Oluham) 

rollers pull the fibres in. Revolving at a greater 
speed than the feed-rollers, the drawing rollers 
elongate the fibres, and give them out in the 
form of flat, slender ribbons to the doubling 
bars. Being set at an angle, the slits in the 
doubling plate, or bars, direct the slivers in a 
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69. FLAX SPREADER (Coiiabe, BarJumr & C\>., BflfjiHt ) 


rectangular path, thus enabling the delivery 
rollers to present them in such a line that the 
sliver roller may combine them and send a 
single sliver into the can standing at the end of 
the machine. In the form of a soft, thick rope 
the flax falls in coils into the can. 

BelUgauge. Upon the end of the delivery 
roller is geared a small worm which runs into a 
wheel. This wheel acts on another wheel actuat- 
ing the spring of a boll. The worm winds out 
with every revolution of the delivery roller, till 
it comes into gear on the wheel, which it turns. 


The wheel, in turn, acts on the boll-wheel, and 
the bell rings. By this device the exact length 
of the sliver can bo determined. If the spreadi^r 
has been properly adjusted, and the feed 
regulated according to design, the exact weight 
of a given length of sliver can be ascertained. 
All the factors, howcv(^r, nev^l to bc^ taken into 
account — the rate of the various roUors, the 
movements of the falk^r -combs, and the gearing 
of the delivery rollers. Experience alone 
enables the worker to accomplish this difficult 
achievement. 


Continued 
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CEMENT BURNING & GRINDING 

The Various Types of Kilns. Their Operation and 
Merits Considered. Kinds of Fuel Used. Coal Grinding 


By CLAYTON BEADLE and HENRY P. STEVENS 


‘Vf/HEN the raw materials have been finely 
^ and intimately mixed, either in the 
shape of slurry by the wet process or as raw 
meal in the dry process, they have to bo sub- 
jected to a '' calcination or burning at a high 
temperature. 

The rotary kiln, which is now being generally 
introduced for this purpose, has, among other 
advantages, that of taxing the raw materials 
in the shape in which they come from the raw 
mill, whether as slurry or raw' meal, direct to 
the calcining operation, whereas all forms of 
kilns hitherto used do not allow of this. The 
slurry or raw meal in the old process has to be 
brought into the sha]:>e of lumps or bricks before 
if can be charged into the kilns. It is, therefore, 
nooessary to mention hero the different ways in 
which this can be done. 

Burning Cement in BrIcK Form. 
Mention has already been made of the various 
processes of plastic brickmaking by mixing 
alurry and raw meal in different forms. Plastic 
bricks can also 1 k^ made from raw meal by simply 
adding sufficient wat-er to bring it to a suitable 
consistency for treating in a pug mill and brick 
machine. This will amount to 20 to 25 per 
cent., according to the nature of the raw 
maU'rials. 

The resulting plastic bricks must be dried by 
one of the methods already mentioned, such as 
tunnel dryers. 

Bricks can also be made by adding only a 
small amount of water — say 5 to 15 |)er cent. — 
aocording to th<* nature of the raw' maU^rials. 
and subjecting this mixtun; to a very heavy 
pressure in so-called dry of which a 

numlK’T of forms are in common use — such as 
toggle-joint presses, hydraulic pn^sses, and 
hammer presses. In Brickm.vkino [page 1278] 
we have described both Johnson's and Whit- 
taker's toggle-joint presses. In the hammer 
press the moist raw meal is pressed into brick - 
shape by heavy falling weights. The resulting 
dry-prt>88ed bricks can be either dried, or else 
i’harged into the kiln in the semi-dry state. 
The choice of method depends on the kiln used. 

Another w’ay of making bricks which must 
be mentioned here, as it is frequently used in 
those English cement works where the raw 
material is blue lias lime, consists in adding a 
considerable quantity of water to the raw meal 
obtained in the dry process and pugging this in 
a pug mill, BO as to form a semi-fiuid paste, 
which is spread on drying floors. It is cut into 
squares in a half-dri^ condition, which, when 
d^, can be loosened from the floor and form 
bricks for charging direct into the kilns. 

How to iRry Slurry. To get slurry to 
the right consistency for the kilns all that is 

1728 


necessary is to spread it in iawrs of suitable 
thickness on drying floors, and, after <^ing, 
break it up into lumps, which can be charged 
into the kim. 

In some places the slurry is out into squares 
before it becomes quite dry ; this is the method 
adopted in those works using blue has lime. 

General Remarks about Kilna. The 
temperature to which the raw materials must 
be subjected in order to bring about the 
necessary chemical changes is a ve^ high one. 
but does not vary very much. To measure 
these high temperatures with any degree of 
accuracy is a difficult and uncertain operatioh, 
but it is generally assumed that the temperature 
in a cement kiln is about 1,500° to 1,600° C. 
On the other hand, the process is practically 
instantaneous — that is to say, as soon as the 
necessary temperature is obtained, the chemical 
changes take place at once, and the process is 
finished. The carbonic acid gas contained in 
the raw materials will have been driven out 
gradually before this high temperature is 
reached. 

A great number of kilns of very varying type 
and construction have been us^. They fall 
naturally into two main divisions, the periodical 
and the continuous kilns. The former are 
charged with the fuel and raw material, fired 
and allowed to bum out completely, and to 
cool dow’n before they are emptied. This 
process is always repeat^ in the same manner. 
The continuous kilns, when in full fir(‘ are 
continuously emptied and re-charged by 
gradually discharging clinker at one end, and 
reloading with fuel and raw material at the 
other. Compare similar classes of kilns used 
for lime burning [page 1456]. 

The Bottle Kiln. This is the oldest 
t3q)e of kiln, and consists of a round or square 
chamber built of bricks, and lined inside with 
fire bricks. A continuation of the upper part 
in much thinner brickwork forms a chimney. 
Above the top of the kiln, at the base of the 
chimney, are situated one or more “ loading ” 
eyes, that is to say, openings in the brickwork 
for the admission of the charge. The chamber 
or bowl of the kiln at the bottom is provided 
with a grating, either of iron or of perforated 
brickwork, and underneath are the “ draw- 
eyes ’* for removal of the clinker. The kiln, 
when emptied, is charged first with faggots or 
shavings, and above this with a layer m coke. 
On top of these the kiln is fill^ up with 
alternate layers of raw material and coke. When 
the loading is finished, the kiln is fired from below 
and allow^ to bum out and cool. This proQ^. 
as a rule, takes about five days, more or le^ 
according to the sise of the kiln. The capacity 
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ol a kiln varies from 10 or 15 tom up to 50 tonn 
of finished clinker. 

It may be here stated that bottle kilns have 
also been built of much larger dimensions for 
continuous burning ; but we shall consider 
them later on. 

The Chamber Kiln. The invention of 
this type of kiln is generally atrributed to J. C. 
Johnson, the first to manufacture Portland 
cement on a large scale, and is known as tin* 
Johnson chamber kiln. As a rule, it is used 
in connection with the wet process, but, in a 
few instances, for the dry process also. In 
either case, it consists in the addition of a long 
horizontal chaml>er fiat on the bottom, with an 
arched roof, leading from the burning chamber 
or howl of the kiln to a chimney or fine. The 
objwt of this chamber is to utilise the waste 
heat leaving the burning chaml)er to dry tlie 
charge of materials for the next burning. For 
this purpose, sufficient slurry for one charge is 
pumjKd up on to the fiat floor of the drying 
chamber, or a coi responding quantity of raw 
meal bricks stiveked in the chamb(T, so that the 
heat given off from 
the products of 
combustion in the 
kiln passing through 
the chamber, drives 
the moisture out of 
the raw materials 
deposited there. 

Many forms of 
kilns have been 
evolved from this 
simple type, the 
chambers hav- 
ing been made 
of different 
shapes and 
lengths. Some- 


It will be seen that the arches A, which ladon' 
the alteration extended right aw'ay through the 
whole length of the kiln, have Wen taken down, 
except over and just beyond the burning 
chamber of the kiln B. "Ihis burning chamber 
is usually lined vith firebricks, and has a fire- 
brick grating (C), supported by an arth at the 
bottom. Access to the lower part of the 
burning chamWr is gaiiud through a doorway 
(I)), which, during the burning, is ( losed by a 
temporary brick wall. This doorway also serves 
as a draw-eye for removing the clink(u* when the 
kiln is burnt off. Another door (F), connects 
the top of the burning ehamWr witli the gangway 
outside, through which the fuel is brought into 
the kiln. The chamber is covered over by a 
floor (F) of wrought. iron joists sup|>orting cast* 
iron plates ext (‘nding throughout the w hole length 
of th(‘ chamber, including that portion which is 
arched over. An intermediate floor ((J), consist - 
ing of east-iron plates nesting on longifudinal 
gilders resting again on brick pitws is arrangotf 
a little way over the bottom of the chamber H. 

Charging the Kiln. The burning cham- 
ber is charged with 
dried sliiiTy in 
layius from the 
floors (j and H, and 
with fuel brought 
in through the 
doorway E. Slurry 
is then pumped on 
to (ho floors (i 
and H in sufficient 
(plant ity for tho 
next charge of th(* 
kiln. An addi- 
tional (juantity 
of slurry is 
pumped on to 
floor F, 




times several chambers are arranged beside or 
above (me another, in other forms both the 
arches have been substituted partly or entirely 
by floors constructed of iron plates. 

As an example, we give in 14 an illustration 
which at the same time shows the Anderson 
patent drying chambers. 

Old Kilns brought up to Date. We 
are dealing here with old chamber kilns 
which have been altered to improve the drying 
<4umibers so as to increase the drying capacity, 
2f 


and this slurry, after drying, can l>e burnt in 
separate kilns, as, for instance, in Schneider 
kilns. 

When the charging of the burning chaml>er 
and drying fl(x>rs is completed, the kiln is fired. 
The waste heat arising from the burning clinker 
has room to expand freely up under the arches 
A and the fl(X)r F. The products of combustion 
are drawn off by the chimney stack L, through 
the flue formed between the Rro floors G and H, 
and a continuati(m of this in the shape of an 
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ajrched flue (K). The dratighl is regulated by 
the damper I. 

The outside drying floors F, are covered over 
by suitable rooflng to keep the rain away from 
the slurry. 

When the kiln is burnt off, some of the plates 
in the floor F are lifted and left open to get the 
inside of the kiln cooled as quickly as possible. 
For this purpose a couple of openings (M), in 
the arches, are also ma^, and these oi>ening4 
are provided with removable firebrick covers. 

We have gone into this sub- 
ject because it illustrates an 
easy means by which cement 
works having the old-fashioned 
chamber kilns can obtain more 
economical results with the 
assistance of one of the 
modern continuous kilns work- 
ing with dried raw material. 

It is possible, with the help 
of improved drying chambers, 
to let the old-fashioned cham- 
ber kiln not only dry sufficient 
material for its own use, but 
a very considerable surplus, 
which can then be burnt very 
cheaply in the more modern 
continuous kiln. In this way 
we may effect a saving on the 
whole output, which in several 
oases has been shown to ^5 
amount to 28. per ton. boro kilv 

Continuoua Kilns. All 
these kilns may be said to consist of a long 
ohannel or a series of burning chambers form- 
ing together a long channel. This channel can 
be vertical or horizontal ; it can be built in 
the form of a straight lino, the two ends being 
wide apart, or it can be bent so that the two 
ends meet and form one continuous channel. 

The Hoffmann Kiln, The Hoffmann 
kiln is an illustration of this latter principle. 
A form of this kiln has already been described 
in H&icKBCAKiNU [page 1283]. The burning 
channel consists of two straight tunnels side 
by side, and united at both ends ; a number of 
doorways lead through the outside brickwork, 
and give access to the burning channel for 
charging the kiln with raw briolu and for re- 
moval of the clinker. The ohannel is arched 
over, and, as a rule, deflecting arches are 
inserted between each pair of doorways, dividing 
up the burning ohannel into several chambers. 
In the process of burning, the chambers in front 
of the lire are separated from each other by a 
cross |)artition formed of stout brown-paper 
pasted on. The fire progresses from chamber 
to chaml)er, and travels round the channel 
continuously. A certain number of chambers 
behind the fire are always cooling, while others 
in front of the fire are drying. The drying is 
effected by leading the products of combustion 
from the diambm under fire through those 
where the drying is in progress on the way to 
the chimney, whufli is situated at one end, and 
is connected witK all the chambers by a main 
flue running round in the brickwmh just outside 
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the burning channeL The chambers are also 
connected with each other throng a flue in the 
centre, so that the heat can be led from any one 
chamber into any other, and then awray to the 
chimney. 

It will be evident that on the opposite side of 
the kiln to where the firiim is in progress, the 
chambers will be coolest. *^6 clinker is drawn 
out, and raw bricks stacked in this coolest 
chamber. 

The Hoffmann kiln has been used to a 
very considerable extent in the dry process 
works on the Continent, but has hiuxily ever 
been used in connection writh the wet process, 
and has never found much favour in England 
for cement burning. 

€k>iitinuoua Vertical Kilna. The 

bottle kiln has already been mentioned above ; 
very large bottle kilns are fired continuously. 
When the kiln is loaded and fired in the usual 
manner, and the fire has reached a certain level 
somew'hcre near the top, clinker is drawn out 
at the bottom, and after the charge has “^set," 
fresh layers of coke and raw material are chargctl 
on to the top of the old charge. In this way the 
process works continuously. Several modifica- 
tions of this system have been largely employed, 
and among them the use of the Schneider 
kiln has found great favour in England in con- 
nection with chamber kilns with improved 
chambers, which are able to dry a considerabU 
surplus of slurry, besides what they themselves 
require. 

As already mentioned above, the usual 
drawback to the continuous bottle kiln is the 
difficulty in obtaining the regular setting 
of the kiln — that is to say, the regular sliding 
action of the charge downwards ; the clinktT 
tends to bake on to the firebrick lining of the 
kiln, and thus prevents the setting. When this 
happens, the charge will hang on one side, and 
the setting becomes irregular, interfering with 
the systematic charging in of layers on to the 
top. Under such circumstances, a great deal of 
half -burnt clinker is generally formed, and the 
burning is unsatisfactory in every way. In the 
Schneider kiln this is prevented by a special 
loading arramgement allowing the firebrick lining 
to be separate from the charge, or rather from 
the fuel, protecting the firebrick lining with a 
layer of raw material of such thickness that it 
wUl only just be calcined without any danger ot 
its baking on to the sides of the fire bricks. 

O>ntliiuoun and Periodical Kilns 
Compared. The working of a continuous kiln 
of this type as compared to the working of th< 
ordinary chamber kiln shows a very grest 
improvement in output and cost of production 
Taking an average sized chamber kiln, with ai 
output of .30 to tons for each burning (whio! 
takes about five days), the kiln will only produc 
about 40 to 50 tons per week. The St^eidi 
kiln wiUi dry raw materials will produce iron 
80 to 100 tons, or just twioe the quantity, ann 
the fuel consumption which in the ohambtf kill 
averages 8 cwt. of coke per ton of ohnker bum' 
win in the Schneider lain be less than 4 cwt 
However, it is only fair that we should remembcM 
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that the chamber kiln effects the tlrying not 
only of its own slurry, but also of that burnt in 
the Schneider kiln, and it does not cost 
anything extra to have this surplus dried by the 
chamber kiln. Four chamber kilns of the size 
above mentioned, with properly arranged drying 
chambers, will be capable of drying sufficient 
slurry to keep one Schneider kiln going, and 
their united capacity will be 50 per cent, more 
than the capac*ity of the original kilns. 

A Modern Vertical Kiln. Another 
form of vertical continuous bottle kiln is the 
Aalborg kiln which we owe to Shcefor and 
Smidth. An illustration of this kiln will be 
found in 16. The raw m^erials, either drioil 
slurrj" or bricks, must be quite dry before being 
charged into the pre-heater through the charging 
doors A. All the fuel is charged into the centre 
of the kiln through a number (d shoots (HR), 
built into the firebrick lining of the kiln half-way 
down between A and the grating R, and tht‘ 
burning takes place mostly in the conical-shaped 
burying chamber, where these shoots enter the 
kiln. In the chamber below, the clinker cools 
and the charge is gradually heat^ in the narrow 
neck and pro- heater above by the waste heat 
from the burning. The economy in fuel in a kiln 
of this construction has been brought to a 
maximum. The consumption of coal on an 
average is rather less than 3 cwt. per ton of 
cement produced, and common small gas coal 
can be used as fuel instead of coke. 

On the other hand, the burning of these kilns 
requires a considerable amount of skill. 

The kiln has found much favour in America 
and on the Continent, and also in our Colonies, 
but not much in England itself. 


The Letest Type — the Rotary Kiln. 

In all the kilns we have so far mentioned it 
will be seen that the raw materials — whether 
made on the wet or on the dry process — must 
be loaded into the kiln in the form of bricks or 
lumps. None of tluse kilns has UM*n adapted 
for receiving the raw materials in the shaix' 
of a dry powder or a wet slurry, though some 
of them have been arranged to iitilisi* the waste 
heat from one burning to dry the neoessary 
charge for the next. Even in tluse eas. s, 
however, the material has to be handled after 
bt'ing dried. 

The idea of constructing a furivaee whuh 
would receive the material either as a dry 
powder or as wet slurry without further handling, 
and eonvtTt it into clinker in one op(‘ration, is 
a very tempting one. 'Hiis is what th(i rotary 
kiln actually aeeomplishis. 


Original Rotary Kilns. 'riu* history 
of its discovery and development need not 
detain us long. The first records arc to be 
found in the patent n'gisters as far back 
as 1877, when Thomas Russel Crampton, who 
had in the prect^ling year patented a n*volving 
furnace for roasting ores, extended the ajiplica- 
tion of his invention to cement. Hs kiln 
does not seem, however, to have* been heard of 
since then, and in 1885 Fri'di riek Ransomo 
patented practically the same thing, but in a 
rather betU r form, and several kilns were built 
and worked. They were all abandoned before 


very long, ns the coal 
was found to bo extra 
probably because the 
too small and could not 
properly. 


I 


con:4 u ni ption 
xagantly high, 
kilns were much 
utilist* tJie fuel 



16. GENERAL PRINCIPLE OF A ROTARY KILN 


The principle of all continuous kilns is well 
illustrated in the Aalborg. It consists in 
utilising the waste heat in the kiln itself. The 
actual burning takes place in the middle, and 
this part of the kiln is supplied with hot air 
which has passed over the cooling clinker under- 
neath, while the hot gases from the burning 
clinker passing up give a preliminary heating to 
the raw material above in the upper part of the 
kiln before it reaches the intensely -heated 
middle portion. 

As the burning of the fuel takes plau^e with 
Rcceib of large quantities of very hot air, the 
burning is very complete, and the fuel is utilised 
to the utmost. At the same time practically 
no waste heat leaves the kiln. 


The next we hear of tJic rotary kihi is in the 
United States, where kilns of a practical size — 
60 ft. long and 5 ft. in diameter — were intro- 
duced. 

Originally they were intended for burning 
cement by means of mineral oil, but the applica- 
tion of the kiln was soon extended, and it was used 
both for wet and dry material, and was fired 
by coal dust or natural gas as well as oil. The 
use of coal dates back only to about the year 
1^97, as before this kilns using liquid fuel only 
were worked in America. 

Principle of the Rotary Kiln. The prin- 
ciple of the rotary kiln is illustrated in 16, 17, 18, 
and 19, and is extremely simple. The kiln con- 
sists merely of a long, straight cylinder, which is 
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made to revolve slowly by means of live rings 
on roller bearings and a suitable driving gear. 
The kiln is not quite horizontal, but erected 
witb a slight incline, so that the material moves 
slowly downwards actuated by the force of 
gravity. 

At the upper end the cylinder enters into a 
brick'buiit chaml>er, and on this, or on another 
brick-built chamber conneoted with the first, 
a chimney is placed to carry away the products 
of combustion. 

The lower end of the kiln is closed either by 
a fixed wall or a movable hood clearly seen in 
17, with an opening at the bottom, through 
which the clinker falls out. The cylinder it 
lined entirely or partly with firebricks in order 
to protect the iron shell from the excessive heat 
ana wear arising out of the quantity of hot 
clinker moving down it, and also to keep the 
heat better in the kiln by preventing too much 
radiation through the shell. 

The speed of rotation varies somewhat, but 
it is rarely more than one revolution per minute. 


In the Hurry k Seaman kilns the roiaiy kilns 
themselves are laid in pairs, each pair having 
three coolers so arranged that two of the oooleiB 
take the clinker from the two kilns and bring 
it together into the third cooler, whence it is 
finally discharged quite cold. These oooters 
lead away from the kiln, so that the material 
from start to finish travels in the same direction. 

In most of the other c^tems, however, the 
coolers are built under the kilns, so that the 
material in the cooler travels in the Opposite 
direction to that in the kiln. 

8midth*s cooler, seen under the rotary kiln [16], 
consists of two cylinders, one inside the o&er, 
and the material travels first in one direction 
inside one, the inner one, and then in the opposite 
direction outside it but inside the outer one. 
The object of this is to heat the air, which by 
natural draught or by the assistance of a fan 
passes through the cooler. This air current 
cools the clinher and the air is made as hot as 
possible when it leaves the cooler to enter the 
kiln. The combustion of the fuel will be 




17. AN Ur-TO-DAT£ ROTARY KILN, SHOWING AIR BI 4 ART AND 
COAL DUST SUPPLY PIPES 


and usually 
less. The di> 

in e n K i o n K , ' 

which origin- *' 

ally were at 

most (M) ft. in ^ A 

length by 5 ft. 
in diameter, 
have gradually Jg ^ t 
bo<m increased ^ ^ 

and are now 
commonly 120 
ft. in length 
and 6 or 7 ft. 
in diameUT, 

At Edison's 

Cement Works ^ 

in Stewarts- 

vilJe, U.S.A., ..... ^ 

oasHron kilns, up-to-date rotary 

m^e of pipes coal dust 

joined to- 
gether by flanges have been made 150 ft. long 
and 9 ft. in diameter, and these, are, so far, the 
biggest kilns that have ever been construct^ 
CHaHer Coolera and Utilisation of 
Waste Heat. In connection with the lower 
end of the kiln a clinker cooler is commonly 
used. This is not absolutely necessary, and in 
many American works the clinker simply drops 
on to the floor or into a steel wheelbarrow and 
is carried outside and spread on the ground 
to cool. In other American works the hot 
clinker as it falls out of the kiln is elevated by 
a strong chain-bucket elevator to the top of 
a cylindrical cooling tower. This tower is 
sometimes provided with artificial draught to 
cool the Oliver, which then falls out at the foot 
of the tower, and is thenoe taken away to tbs 
mill. t 

In modem pracUoe, however, a revolving 
clinker cooler is generally used, although the type 
of machine is subject to considerable variation. 

The clinker cooler is seen under the kiln 
inn. 


_ greatly absist- 

ed by hot air, 
J the hotter the 

.. -X better. 

''5?^ I } ' The revolv- 

ing cooler in 

p ^ constructed of 

[ ■ iron plates and 

I Ifittedwith 

^ " * running and 

• : driving gear 

j of the same 

nature as that 
' used for the 

I kiln itself. 

I Firing the 
j Kilns, In 

I some places 

j in America 

ILN, SHOWING AIR BLAST AND natural gas haH 

UPPLY PIPES been used, and 

in very few 

cases water gas or producer gas. In eueh 
cases the firing device is very simple, consist 
ing of a gas pipe with the neoessary means for 
regulating the jet. 

Oil has been and is used to a large extent, 
especially in the United States, where m many 
]parts it is extremely cheap. 

The oil flows from a tank under a certain 
pressure, and passes out from a special injector 
or nozzle. It is thus reduced to a form oi 
spray, sometimes assisted by steam jets places 1 
underneath the oil jets, or connect^ directl} 
with them. 

By far the most general way of firing tht 
kiln, however. Is by means of powdered o^. 

To grind the coal sufficient^ fine it is, as 
rule, neoessary to dry it first, and for this pumos^ 
we naturally utilise some of the waste heat nroin 


the kiln. We can arrant the plant to dry th< 
poal by bringing it direo% into oemtaot wiUi th^ 
lower hot end of the kOn itself either 1y par 
titioning off the brickwork, a liopper-s^P'<' 
room through which the kiln passes, or h} 
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surrounding the kiln with a mantle and pasHins 
the coal through the room between this mantle 
and the shell of the kiln. 

Another way to dry the coal, which will be 
mentioned later on in the description of actual 
rotary kiln plants, consists in passing the coal 
through a drying drum heated by means of the 
hot air from the clinker cooler on its way to the 
kiln ^ 

Coal Grinding. Grind- ! 

ing ooAl is a simple matter, 
and several classes of grind- $01 

ing machines are found 
suitable. It is only a 
question of working cost 
and repairs incurred in ob- 
taining a product of the 
requisite degree of fineness. j; W 


The coal-grinding machinery 

is seen in 16 in the build- X ^ 

ing adjoining the kiln house. \ 

Ball and tube mills, or a ^ ^ 

combination of the two, will ' , 

pro^e the most economical. kf ^ 

The coal dust is d(‘livercd 
from the drying and grind- 

ing plant into a hopp(*r with HMP ip'_ ' 

an extracting worm, where a |g modkrx rotary kiln, .khowino 
sufficient quantity for several rotahv mectianism 

hours' working is always 

stored, so as to avoid the danger of stopping the raw malcrialH 
the kiln in case of a slight mishap in tlie coal inemlKTed that tli 

mill. Two hop}x*rH may be seen at the far with very few vxi 

end of the kiln [19]. From the bottom of this the other systems 

hopper the coal dust is extracted by a worm much more expt'ni 

provided with an appliance for regulating In 17 the Hrin 
accurately the quantity of coal dust fed into the narrow pipe show 
kiln. From this worm it is dropped into a The large* one is tl 

nozzle, through which a ^ 

strong current of air from ^ , 

a blast fan is driven. The . . * 

coal dust mixes with the air, ^ ^ 

and is carried along with it f 

to the centre of the lower j j 

end of the kiln. ’ | f ; '^1 

The Inlet for the k T 

Raw Material. This in . f 

extremely simple in con- ,^,n, i 

struction, the dry meal .|T J ft.- 

being fed from a hopper by ^ , TmagL ' 

an adjustable feed arrange- / 

men t, through a shoot, and ^ 

direct into the kiln. Some- 
times a small quantity of V i ‘ 

water is added to it in a mix- JHT / 

ing and moistening machine " ' ./ ; 

before feeding into the kiln, 

to prevent the fine flour 19 modern rotary kiln from 
from being carried away by puetheb end, showino coal hoppers 
the draught to the chimney. 

If the raw material be in the form of slurry illustration as a 

it is fed into the kiln through a pipe, means resting on steel 

being provided for a constant pressure, or head, the circular rack 

of slurry, and the inlet pipe to the kiln being Note the angle ii 

provided with a valve for regulating or stopping the rack to the bi 

the flow. 'The iliustratio 

Output by the Rotary Kiln. The kilns lying side I 

results obtained by the rotary kiln are very the firing end. 






different in several respects from those ob- 
tained by any other system of kiln. The 
clink^'r is much more regularly burnt, and. as a 
rule, of more regular shapt*. It leaves the kiln 
in the form of small round lumps, sometimes 
conglomerated into massrs, and rarely exceeding 
the size of a small egg, >\ hereas the clinker formed 
in otlier kilns consists of large vitreous and 
^ spongy lumps. Tht* rotary 

] kiln clinker is much harder 

Vi grind tlvnn the ordinary 
t'^biker. 

output from one 
J , ■<* * " rotary kiln of the ordinary 
y Y size—Kuy, ItM) ft. long and 

/ ■ / 7 ft. in diameter — is about. 

I / I TiO-tU) tons ])er day when 

} d • burning raw mi'al, and ‘15-40 

when burning siurry. 

The coal consumption is 
' ‘ not so low as with some of 

the more* economical con- 

tinuous shaft kilns, With 
^ \ raw meal it may he said 

to \arv between 4J and TiJ 
ewt. |H*r ton of clinker 

[irodueed ; and witli slurry, 

V KILN. SMO«IN(i ■' 

rciiivisM according to tlie (juahty of 

th(^ coal and tin* nature of 
the raw materials. It must, however, be re- 
inemlKTed that the fuel used is eoal. whereas, 
\vith very few (‘xceptions, coki^ is requir(‘d in 
the other systems of kilns. This is very often 
mueh more expt'nsivc than coal. 

In 17 the firing end is the near end. The 
narrow pipe shown is the eoal diisf fi'od pipe. 
The large* one is the hot air feed pipi*. Th(^ (*nd 

^ of the cylinder is formed of 

"*■■ : hood, whieh can 

* be taken away for cleaning 

purposes. The lever handles 
seen in the front are for 

t v I regulating the fo(*d of raw 

J! I . - 1,. J niaterial at the other end of 

the kiln. The circular rack 
H m 3 about half-way down the 

J kiln is part of the m;w’Ii incry 
^ ^ iKr.. Jift- which causes the kiln to 

" revolve. This is seen better 

in the next illuHtration [18]. 
V , r Underneath the kiln the 
; y cylindrical clinker cooler 

V be seen. 

'I ,v’ Driving Gear. Fig. 18 
’ shows very clearly the 
1 *' driving gear. The kiln rests 
PARY KILN FROM OH frielion rollers at tho 

iNo COAL HOPPERS ^ ends. The 

middle roller is seen in the 
illustration as a polished circular steel hoop, 
resting on steel rollers ^ and lying next to 
the circular rack which drives the kiln round. 
Note the angle irons and method of faHt(ming 
the rack to the body of the kiln. 

The illustration [19] shows two rotary 
kilns lying side by side, and looking towards 
the firing end. Here each kiln is provided 
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with a small hopper, containing finely powdered 
coal or coal dust for firing. These small hoppers 
represent the only store of coal dust. In some 
of the American plant large stores were built for 
the powdered coal, and many fatal accidents 
occurred, owing to the liability of powdered 
coal to fire and even explode. In a single 
accident caused in this way, in an American 
works, twelve men lost their lives. 

The Rotary Kiln Saves Labour. 
The labour in the rotary kiln is naturally 
reduced to a minimum. There is practically 
no actual labour required, but there must, of 
course, be a burner to take charge of the kiln. 
He regulates the feeds of raw material and 
fuel, and looks after the kiln in a general sort 
of way. As a rule, each kiln has a burner who 
is responsible for its working, but where labour 
is very expensive it is quite possible for one man 
to look after two or even three kilns. In the coal 
drying and grinding department there must be 
a man to handle the coal as it comes into the 
mill, and, of course, there must be an engineer 
to look after the machinery generally. 

It will, however, be seen that the rotary 
kiln is an efficient labour-saving contrivance, 
especially when it is remembered that the 
conversion of raw materials into bricks or 
lumps is €*ntirely avoided. 

Crushing and Grinding Cement. 
Until comparatively few years ago, millstones 
were commonly used for finifuiing cement 
clinker, after it had passcnl a stone crusher or 
crushing rolls. With the increasing demand 
for finer grinding, however, millstones have 
proved too expensive, not only in respi'ct to 
the power required to drive them, but also 
in upktHU). 

The old specification of fineness was such 
that 10 per cent, residue was allowed on a mesh 
No. 50 containing 2,500 holes jx^r square inch. 
Nowadays the s|)eci float ions are for more 
stringent, as w'ill be seen later when we consider 
the testing of eement. 

To grind to such a fineness with millstoiiM 


would be quite impracticable ; with the increas- 
ing fineness the stonea must be pressed tighter 
together ; the output from each pair of stones 
will consequently fall quickly, while the power 
consumed at the same time rises very rapidly. 
Besides this, the stones must be dressed much 
more frequently, and the expense involved 
becomes excessive. 

Merita of Mills. For a long time ball 
mills were used to a considerable extent as 
finishing grinders, but with the denufnd for 
increasing fineness in grinding, the gauze 
through which the ball mill discharges the 
finish^ product had to be made so ^e that 
the cost of repair on the delicate screens ran 
very high. 

The introduction of the tube mill, and the 
division of the grinding into a preliminary 
coarse grinding, and a finishing fine grinding 
effected by this machine, made the fine grinding 
an easy and inexpensive matter. 

As these machines have been described under 
the dry grinding of the raw materials it is not 
necessary further to enlarge on the mattOT at 
this stage. 

The grinding of cement differs from that of the 
raw materials only in so far as the cement is 
a much harder substance, although this in itself 
does not make much difference in the grinding 
operation. The hardness of the clinker varies 
considerably, and the output which can be 
obtained by mills of a certain size is, therefore, 
very variable. As a rule the clinker burnt in 
ordinary bottle kilns, either periodical or 
continuous, is so much softer than that burnt 
in the rotary kiln, that when a set of machines 
can reduce six tons per hour of an average 
bottle kiln clinker, the same machines will 
sometimes treat only four tons of a hard rotary 
clinker when grinding to the same fineness. 

A typical arrangement of a modem cement 
mill, with improved ball mills or kominors, and 
tube mills, will be found in the description of 
a dry prroess cement works, with which we 
shall continue this course. 


CaiUinued 



COOKERY RECIPES 

Ingredients for, and Methods of Preparing and 
Cooking, various kinds of Soups and Meats 
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SOUPS 
Tomato Soup 

Ingredients. Two poundH of ioumttx'H. onooimro 
of butter, two ounf**^ of lean b.M'on. oiu' ounci' ol 
sago or (Tuslied tapio<’a, <nio rarnu and ouo onuoi. 
oue 8tu*k of oolery. a Imnoh of par.-dox and la'rlia, 
a quart of Htock. khU and pt'ppor. 

Method, Cut the baron in small pieces, 
and fry it for a few minutes in the butter. 
Wash and prepare the vegetables, out them up 
small, and fry them for about five minutes 
with the bacon and butter. Next slice the 
tomatoes, add them, and the herbs and stock. 
Put the lid on the pan, and boil the contents 
till tender. Then rub the souj) through a 
sigvo. Rinse out the pan, put hack the soup 
and let it boil, then shake in the sago, and let it 
boil till the sago is clear. Season it nicely with 
salt, pepper, and castor sugar. Serve with it 
some fried bread. 

Artichoke Soup 

Inqrcdients. Two pounds of JerusHlem nrt ich(»koH, 
two ounc€V4 of buttor, one Htiiidl onion, twt» eggn, 
a little celery, one pint of white ntoek or milk. and* 
water, half a pint of ereani, half a leanpoonful of 
chopped tarragon, salt ami pepper 

Method. Wash, peel, and trim the arti- 
chokes. Melt the butter in a steel or enamelled 
pan, put in the artichokes and the onion and 
celery cut in slice's, C’ook tht'si' earefully for 
six or eight minutes, taking care they do not 
get at all brown. Then add the stock ; put 
the lid on the pan and let the contents cook till 
they are tender ; then rub all through a wire 
sieve. Put it back in the pan. Beat up the 
yolks of two eg^, and strain them into the 
cream ; then add it gradually to the soup. 
Stir it ov'er the fire until it is quite hot, and the 
eggs cooked ; but do not let it boil, or the eggs 
will curdle. See that it is nicely seasoned, and, 
just at the last, sprinkle in the chopped tarragon. 
This soup should be about the thickness of good 
cream. If it is too thick, add more milk. All 
milk used for this soup should first be boiled, 
otherwise the soup will not be a good colour. 

Potatoes may be used in the same way to 
make Potato Soup, in which case the tarragon 
should be omittcil, and, if liked, the cream. 
Add one ounce of crushed tapioca, and cook it till 
it is clear. 

Mulligatawny Soup 

Inobedients. One pound of mutton, one oum-e 
of butter or clarified fat, tw’o turni}>H, carrotH, onioiiK 
and apples, one tablespoonful of curry-powder, a 
little lemon-juice, two quarts of water, tvxo ounc<‘s 
of flour. 

Method. Peel and slice the vegetables 
and apples. Melt the butter in a saucepan, 
then add the vegetables and apples, and fry 
them all for a few minutes. Put in about one 
pound of lean mutton, cut in small pieces. Put 


the flour in a basin, mi.v it in enough cold water 
to make it into a smooth hatter : and when the 
contents of the siiiu'cpan arc boiling, pour in 
this batter and stir it for a few minutes, to 
prevent it from getting lumpy. Then put the 
lid on the pan, and let it simnu'r gently for two 
hours. Next rub it all through a sieve* —if one 
is available ; otherwise, mash up all the* vege- 
tables as finely as possible. Pour it hack into 
the sauei'pan, and let it come to thi* boil. 
Season it with salt to taste, sitvc it in a hot 
tureen, and hand with it sonu' nicely boiled 
rice. 

Pea Soup 

1 vi.KEDiENTs, Half H piiit ot Hplii jicas, one ouuco 
»>f dripping or lailtcr. one large onion, a carrol and a 
turnip, half a head of celery, a Rumll laiuuh ot parsley, 
tw'o (piarts of xcatt'r, rttoeh or pot -liquor, a raw hum- 
bone or some tnininingH of haeon. salt aiul peppia*. 

Method. Soak the jx'aH over night. Drain 
off the water from them. Melt the dripping or 
butter in a saucepan. When it is liot. add to it 
the peas, onion, turnip, carrot, and the celery, 
all thinly sliced. Stir these ov(*r the tire in the 
dripping for five minutes. Ne*xt put in the 
parsley, the w’ttter, stock, or pot-li(|Uor (liquor 
in wlik'h meat has been hoilecl), the ham -bone, 
or some trimmings of raw bacon, ('ook gently 
for about two hours and a lialf, or until the 
peas are quite soft. Then rub all the 
through a wire sieve. Rchoil it, well i 
with salt and pepper, and serve dried, finely - 
])Owdered mint with it. 

Lentils may be treated in the same w'ay to 
make Lentil Soup. 

Clear Soup 

Ingredients. For the stock — Tlu*«*c pounds of slmi 
of beef, three (juartH of cold wati'r, one carrot, one 
turnip, one onion, half a lieud of celery, a buricli of 
parsley and licrlw, two tomatoes, a blade of mace, 
four peppercorns, any scrajm of chicken, ham or 
poultry- To clarify the stock — Half a pound of lean 
beef to cacli two quarts of stock, one carrot, one 
onion, half a large turnip, ihrei' allspiei*, two cloves, 
the whiti'M i>f two eggs. 

Method. Remove all fat from the shin of 
l)eef, and out the meat into inch Hquart?K. 
Break up the bones tyid take out the marrow. 
Put the meat, bones, and half a teaspoonful of 
salt into a large saucepan with the water ; bring 
it slow ly to the l>oil, then skim it well. Wash 
and prepare the vegetables, cut them in small 
squares, then add the herljs, i>eppercorns, mace, 
and the trimmings to the meat. Put the lid on 
the pan, and boil the' stock steadily for four 
hours, keeping it w'ell skimmed. Then strain 
it through a glass cloth, or a fine hair sieve, and 
leave it till eold. Carefully remove all fat, 
and wipe the surface over with a cloth dipped 
in boiling water ; measure the flSup, and put 
it into a clean pan. Allow lean Ijeef in the 
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given proportion. Either Hcrape it iiiiely or 
piMii it twice through a mincing-machine. Put 
the meat into the Aoup, add to it the carrot, 
onion, turnip, and Bpice, after having carefully 
washed the vegctabW, and put the cloves in 
the onion. Let the pan stand at the Hide of 
the stove for twenty minutes, then ladle the 
soup gently out of the pan into a clean cloth, 
which has been tied over the legs of a chair, 
turned upside down on a table, with a basin 
placed under the cloth. The soup should run 
through the cloth Quite clear ; if not, put it 
back in the pan witn the minced beef and the 
stiffly-whisKcd whites of two eggs. Stir it over 
the m*e for a few minutes, pour it back into the 
cloth, and it will run out clear — that is, unless the 
cloth or basin be greasy. The Clear Soup is 
now ready, and may bo served plain or with 
some garnish, such as shreds of cooked vege- 
tables, in which case it would be Julienne Soup— 
the Houj) or “ (?onsommc ” taking its name from 
the garnish. 

Pot«A\i«Feu 

Inorkdiknth. Ono and a half |>ound8 of topaidoof 
iMwf, one ono larjjo oarrut, two onions, two 

tino to<iH|k>4inful of parHlov, ono turnip, two 
tubloMjKKinfiilH of Kajjo, cold water, Halt and pop|3or. 

Method. WijK) the meat. Tie it in shape 
with string. Put it in a large pan with cold 
water to cover. Add half a teaspoonful of 
salt. Bring to the boil and skim it. Allow it 
to simmer gently while the vegetables are 
prepared. IVim and out the cabbage in halves. 
Lay it in cold, salted water. Wash, scrape, 
and quarter the carrot. Wash, peel, and 
quarter the turnip. Peel and quarter the 
onions. Cut off all but two or three inches of 
the ween top of the locks. Wash each well, 
and halve them lengthways. Tie the cabbage 
together with tape. Put in all the vegetable, 
(^ook till they arc tender ; those that are cooked 
first must bo lifted out and kept hot. The 
pot-au-feu is then rea<^. Lift the meat on to 
a clean hot dish. Arrange the vegetables 
round it. The cabbage must be untied, and 
can be served separately if liked. Strain the 
stock into a clean pan. When it boils again, 
shake in the sago and stir till it is clear. Add 
the chopped pc^ey. Season, and serve this 
broth in a hot tureen. 

MEAT 

Roast Log of Mutton 

iNuafiDiKKTt. A well -hung leg of muttoa, au 
ounce of dripping. 

Method. Wipe tho outside of the joint 
quickly over with a cloth wrung out in boiling 
water. Chop off the shank- bone all but about 
two inches. Next weigh the joint — this is 
necessary, as you must know the wei^t before 
you can calculate how long it will take to 
cook. Allow fifteen minutes for each pound it 
weighs, and fifteen minutes over — thus a 
joint weighing nine pounds would take two 
and a hidf hours to cook. Either put the 
joint before a brisk fire, or in a hot oven, for 
the first ten^minutes; then move it to a cooler 
part. Keep it well basted — it should be basted 
e%^ery ten minutes — to prevent tho outside of 
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the joint getting hard. When done, the meat 
shoidd be a nice brown, and should feel firm 
when pressed. Lift it on to a hot dish, and 
make the gravy. First carefully pour off all 
fat from the tin, and pour into the tin three- 
quarters of a pint of boiling water or stock ; 
stir this over the fire, scraping the tin well to 
got off all the gravy and brown pieces which 
were left in the tin. Stir it over the fire till it 
boils, season it carefully with salt and pepper, 
and strain it round, but on no account (Over, 
the joint. All joints should be treated this 
way ; but should it be a piece of solid meat 
with no bone in it, it is sometimes well to allow 
twenty minutes for each pound. Pork should 
be allowed twenty minut^ 

Boiled Leg of Mutton 

Ikorjcdiknts. a leg of mutton weiglUug about 
seven poundR, three oarrota, throe turnips. 

Method. Wipe the joint over with a cloth 
dipped in hot water, then weigh it and allow 
fifteen minutes to every pound. Have ready a 
large pan of boiling water, put a tablespoonful 
of salt in it, and then the joint. Let it boil for fivo 
minutes, then skim it and put in the vegetables. 
Draw the pan to the side of the stove, and let it 
simmer gently until the joint is done. A joint 
weighing seven pounds will take one hour and 
three- quarters. Putthe jointonahotdish, arrange 
the vegetables round, and a little of the Uquor. 
♦Serve with it a tureen of caper or parsley sauce. 

Salt rueat should bo put into warm water, 
brought to the boil, and then bo allowed to 
simmer till it is done. Pork requires to be boiled 
twenty minutes for each pound. 

Haricot Mutton 

iKoaKDixMxa. Two pounds of best end of neck of 
mutton, two carrote, two turnipe, two onions, on»“ 
ounce of dripping, one ounce of flour, salt and 
pepper, a little mushroom ketchup. 

Method. Cut the neck into small neat 
joints, and trim off part of tho fat. Wash and 
prepare the vegetables and cut them into neat 
dice. Melt the dripping in a stewpan, and, when 
it is very hot, put in the vegetables and fry them 
a light brown. Lift them on to a plate, put in 
the meat and fry it quickly to close up the sur- 
face of the meat and to keep the goodness inside, 
otherwise the gravy woula be enriched at the 
expense of the flavour of the meat. Lift the 
meat on to a plate, sprinkle the flour into the 
pan. and fry it carefully a pale brown. This 
an important point ; if the flour is not well- 
browned, the stew will be a bad colour. When 
this is done, pour into the pan one^int and a hali 
of cold water, stir over we fire till it boils and 
thickens. Then season it, add the ketchup, and 
put back the meat and vegetables. Put the 
lid on the pan and let it simmer gently for two 
hours, ocoamonally skimming it. Arrange the* 
meat in a circle round a hot dish, put the vege- 
tables in the centre, and pour the gravy over. 

Beefsteak may be treated in exactly the same 
manner, and is called “ Stewed Steak.” 
Brmlaed and Stuffed Shoulder of 
Mutton 

IvoBBiHSHTs. A shoulder of muttoa, four ouuoos 
of broadommbs, three ounces of bacon, one tmapoou* 
ful of chopped onion, one tee^poonfol of 
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paisley » one teeapoonful of mixed herbs, two teaspoon- 
full of oh<^ped musliroome, one egg, s^t and pepper. 
For braising — A bunch of pcu^loy and heriM, two 
quarts of stot'k, one large carrot, turnip and oniop. 

Method. Bone the mutton, leaving in the 
knuokle-bone, which should be sawn off to a neat 
Umg^. If there is any difficulty about boning 
iho joint, the butcher will do this, although it is 
quite easy, providing one has a sharp knife. 
Mix together the breadcrumbs, mushrooms, 
herbs* onion, and parsley. Season highly and 
bind them rather stiffly togetlier with the l^atoii 
egg. Push this stuffing into the cavity made by 
removing the bone, and with a trussing-needle 
and fine string sew up the edges. Tie the joint 
into a neat narrow shape with tape. Well butter 
a deep stewpan, put in the bones that have been 
taken from the mutton, and the carrot, turnips, 
and onion cut into slices, also the bunch of herbs 
and parsley, which should have been previously 
washed. . Lay the joint on the vegetables and 
pour on the stock ; put on the lid and let the 
meat simmer very gently for from about one 
and a half to throe hours. When done, place the 
meat on a hot dish and brush it over with a little 
melted glaze to brown it nicely, and serve it 
with brown sauce. Mint sauce should also be 
handed round in a tureen. 

Lamb or veal may be treated in the same way. 
For the latter, a teaspoonful of grated lemon - 
rind should be added to the stuffing. 

Irish Stew 

Inobeducnts. Two pounds of middle of n<H*k of 
mutton, four pounds of potatoes, one pound of 
onions, one pint of cold water, salt and popper. 

Method. Wipe the meat with a cloth 
dipped in hot water. Cut off the gristle, and 
divide the meat into small joints. Pe^jl and slice 
the onion. Put the meat, onions, and water into 
a saucepan, and put it on the fire ; when it comes 
to the boil, skim it well. Scrub and peel the 
potatoes, and cut them in halves. Put the 
potatoes in a saucepan on the top of the meat, 
add a little seasoning of salt and pepper, and let 
it simmer gently for two hours. Arrange the 
potatoes in a ring roimd a hot dish, and put the 
meat in the centre. Pour the onion ana gravy 
over. Should there be any gravy left, it can 
be put in a hot tureen. 

Roast Beef 

iKoaEOUiKTS. Nine pounds of sirloin or any other 
good out, one ounce of dripping, 'Ibalt and pepper, 
a small stick of horseradish, it possible. 

Method. Wipe the joint and tie it firmly 
in shape. Tie a piece of greased paper over the 
top fat, removing it the last hour. Boast the 
joint before the ffi’e, or bake it in the oven for 
about two and a half hours. If the meat is 
baked, or if it be very fat, the paper need not be 
used. Put tbe extra dripiung in the tin with the 
beef, and baste it frequently. When cooked, 
place the jmnt on a hot dish m a hot place, and 
pour the dtipping out of the tin, carefully keeping 
all brown gravy and particles. Add about 
half a pint of hoiling water or stock to the 


contents of the tin ; place the tin over the fire, 
stirring and scrapii^ it well, in order that the 
particles just mentioned may flavour and colour 
the gravy. Strain this, after it is seasoned, and 
pour it round the joint, which may iw garnished 
with little tufts of graU‘d horseradish. 

Beof Galantine 

Inobediknts. Ono pound of boofatoak, half a 
pound of breadcnimbK, on»\ pound of raw ham or 
ba<'on, a little mac**, a huiuII nutinog, salt tuul 
jiopper to taste, two eggs, glu/.o. 

Method. Put the steak through a mincing- 
machine, and chop the ham or bacon very tine. 
Put all tho in^dients, except the glaze, into a 
basin, and mix them very thoroughly. When 
this has been done, make it into a roll, tie it 
up in a pudding-cloth and boil it in the stockpot 
for about three hours. Untie tho cloth, and 
re-roll tho meat very tightly in it, then place 
it on a dish with another dish on top, on which 
you have put a weight. Leave it until cold, 
then brush the roll over with melted glaze, and 
decorate it with either aspic jelly or butter put 
on with a forcing bag. 

Oxtail en Caaaerole 

lN<mEr>iKNT8. One large oxt-oil, two ouncus of 
butter or heef clrippitig, two ounooa of loan bacon or 
ham (or trimmings of either co\ikl be used), one small 
onion, one toblespoonful of ohopi.KHl mixed pickle, 
one tableepoonful of inelUKl gla/.e, two t4iblesj)Oonfuls 
of ct'lery out in dice, two tablospoonfulH of carrot 
out in dice, ono pint of good stock, salt and popper, 
half an ounce of flour. 

Method. Cut the oxtail into joints about 
two inches long, and put those in tepid water for 
about one hour. Then take them out and dry 
them well. Molt the butU?r in a pan ; put in tho 
sliced ba<?on and vegetables and tho pieces of 
oxtail. Fry all a li^t brown. Next turn the 
contents of the pan into a casserole ; if there is 
not one available, a stewing jar will do. Add 
the stock and pickles, cut in largo pieces. Cover 
the casserole closely, and let tho contents simmer 
gently for at least two and a half hours, keeping 
the top well skimmed. Mix the flour smoothly 
with a little cold water ; then odd it to the stinv, 
and allow it to boil thoroughly. Lastly, add the 
glaze and seasoning, and serve it in the casserole. 
A small glass of brandy or marsala may be added. 

Any meat, poultry, or game may be cooked 
“ en casserole,” either on tho stove or in the 
oven. 

Kidneys k la Maitre D*I16tel 

Inubedients* Three sheep’s kidneys, ono teaspoou- 
ful of chopi>ed parsley, soli and popper, ono and a 
half ounces of fresh butter, small rounds of bread. 

Method. Split each kidney, open it, and 
keep it flat with a skewer. Put them into a fry- 
ing-pan with the cut side down, and fry them 
for eight minutes. Meanwhile, work together 
on a plate the butter, parsley, and seasoning, 
making the mixture up into three neat pab>. 
Cut the rounds of breM and fry them a light 
brown. Put a kidney on each; dust them with 
salt and pepper, put a Uttle pat of butter on 
each, ana serve the dish as hot as possible. 


Continued 
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HEAT OF LIQUIDS AND GASES 

Expansion under Heat The Calorimeter. Heat of Water 
and its Effect on Climate. Latent Heat Evaporation 


By Dr. C. W. SALEEBY 

f IKE gases, liquids expand when they are have added, for the life of the fish., Bui, 

heated — that is to say, nearly all liquids do indeed, this does not exhaust the peculiaritie s 

so. But liquids differ very markedly among of water in relation to expansion by heat, for 

themselves in their measure of expansion, whereas Sir James Dewar has lately shown that icedis 

we have seen that all gases expand in the same plays certain peculiarities in this respect, and 

measure. Not only so, but one and the same that when the ice with which we are familiar is 

liquid will expand at very different rates for a cooled below a certain point, there is formed a 

similar rise of temperature in different parts of new sort of ice, which may be called normal 
the scale. Water, for instance, at 30° C. expands ice, and the behaviour of which in relation to 

four times as much for a rise of temperature of heat is similar to that of other bodies, 
one degree as it does for a similar rise at 10° C. Expansion of Solids. Solids, also, liki* 
Hence it follows that liquids are theoretically liquids and gases, expand with heat, and 

quite unsuitable for thermometers. But the contract on cooling, though their changes an* 

reason why spirits and mercury are so constantly go marked. Innumerable experiments may 

used is that within certain limits the expansion be devised to illustrate the expansion of solidi. 
of these two liquids is very nearly uniform— One of the best of these may be made with a 

sufficiently for ordinary purposes. brass ball which is just small enough to pass 

Convection Currents. If we take an through a ring. If now the ball be heated, it 

ordinary liquid such as water and apply heat will no longer pass through until it cools and so 

to a portion of it contained in a vessel, by a becomes small enough. The degree to which a 

spirit lamp, for instance, the heated wator rises, solid expands when heated is susceptible of 

since its specific gravity is lowered, and colder measurement, and it is found that, as in the case 

waU^r Hows from above doym the sides of the of liquids, solids differ very much among 

glass to take its place. Hi nce we get what are themsidves in this respect. Physicists speak of 

called convection currents. The heat is conveyed coefficients of expansion, and these may deal 

from one part of the water to another by the wdth expansion in length, which is called linear 

actual transit of the heated molecules of water. exjmnsion, or with expansion in volume, which 

This mode of the transference* of heat is called is called cubical expansion, or with expansion 

convection (from the Latin who, I carry) and of surface, su]>erficial expansion. The conse- 

must be distHiguish(‘d carefully from the two other quenees of expansion are very important, and 

Avays in which heat is transferred from place sometimes it is of great importance to place 

to place. Even if the heat were applied to the together substances which have the same co- 
water from above, so that the hottest water, efficient of cubical expansion. For instance, 

being the lightest, remained at the top, the water in the making of incandescent electric lamps, 

at the bottom of the vesst l would gradually it is necessary to use glass which has exactly 

rise in temperature. This would occur by the the same coefficient of expansion as platinum 

same process as that by wliich one end of a wire, which is employed simply because it is 

poker becomes warm when the other is held in possible to make glass that exactly corresponds 

the fire. This is the conduction of heat os dis- with it in this particular. 

tinguished from its convection, and is a very much Consequences of Expansion. The 
mort' interesting matter, which must be studied consequence is that when the lamp is lit, the 

later. The difference is obvious. In the case of glass and the platinum expand together. Another 

the poker or the water heated from above, the illustration may be sought in dentistry. One of 

molecules of iron or water do not carry the heat the absolute essentials for the successful ffUin-i 

from one place to another, but hand it on. The of a tooth is the employment of a filling, usually 

(tulf stream is the most striking instance we a mixture of metals, which hasexckctlythesam * 

know of a convection current. coefficient of expansion as the tooth itself . When 

The Peculiar Behaviour of Water. this precaution is not taken, as, for instance, when 

By far the most remarkable facts in connection the necessary details are not properly observed 

with the expansion of liquids are those concerned in preparing the filling, the tootn will soon b* 

with the very peculiar behaviour of water, cracked. If, for instance, one drinks a hot 

which is at its maximum density at a temperature liquid, the filling will expand to a greater degree 

of 4° C., and which expands as it is cooled than the walls of the cavity, and will burst it^ 

bolow' this point, so that ice is lighter than water bonds. On the other han^ if its expansion 

just above the freezing point. We commented be too small, it will not expand sufficiently, 

on tliis extraordinary property of water on and microbes will make their way in past it.'* 

page 798 and observed its immensely important side^, or it will fall out. 

consequences for human life, ancC we might In various familiar operations some other 
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con8eeacooeBof«xiwi«ianai»obs as, for 

instance, in the heatl^ of ijren so as to fasten 
them on to'wrheels, ^oh they firmly as they 
cool; and as in meting, the nvet is inserted at 
red heat, and when it cools it shortens, so that 
the plates are held firmly together. Another 
instance is furnished by the cracking of a tum- 
bler when very hot water is poured into it. 
The reader who is familiar with the test tubes 
used in chemistry may wonder how it is 
posable to boil liquids in such thin tubes when 
a strong tumbler would certainly crack. The 
explanation is, that the tubes are so thin as to 
expand equally throughout when heated. But 
in the case of the tumbler, the inner surface of 
the glass expands before the heat has had time 
to reach the outer surface by conduction, and 
so is apt to split its casing, just like the badly 
made tooth-filling. 

Compensating Devices. The differ- 
ences of expansion in various metals are of 
great use. In a good clock, for instance, the 
ndulum must not consist of one metal becauBc 
is would expand in 
summer-time, lengthen 
the pendulum, cause it 
to swing more slowly, 
and therefore make the 
clock slow. In order to 
obviate this, there are 
made what are called 
gridiron pendulums , in 
which rods of iron and 
of brass alternate in 
such a fashion that the 
expansion of the one 
in the one direction is 
compensated for by that 
of the other in the other 
direction. Similarly, 
every good watch has a 
compensation balance ; 
the balance wheel is not 
a complete circle but 
consists of two halves, 
each of which is just 
short of a semicircle. 

These halves consist of an outer strip of brass 
and an inner strip of steel, and the consequence 
is that, when the temperature rises, though the 
strips tend to move out from the centre of the 
wheel, they become more curved, the free ends 
tnming inwards. Thus the rate of oscillation 
of the wheel is not retarded. 

The Measurement of Heat. Literally, 
a thermometer is a heat measurer, hut wo 
have already seen that the thermometer merely 
measures heat level, and that only under 
certain very definite conditions does the ther- 
mometer serve as an index to the amount of 
heat in a body. In order to measure heat, we 
must have a unit, and the unit of heat, or thermal 
unit, is that amount of heat ^diich can raise one 
gramme of water from 4® C. to 5® C. This 
amount of heat is technically known as a 
ctdorie (from the Latin eahr, heat). This is 
the only unit of heat we ne^ now consider, 
as it is now in nmversal use. fact that 
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niak^ it necessary to specify the temperatun* 
of the water was noted at the beginning of our 
discussion. It takes more heat to raise the 
through ono degree, from 
80 C. to 81 C., than from 4^ C. to 5 ’ 0. 

Specific Heat. Now, we have also Been 
that in the case of water and mercury wo requini 
to put far more heat into the water in order to 
cause a given rise of temperature than into the 
mercury, and this gives us a clue to the meaning 
of what is called specitio heat. This is best 
defined as the number of calories or units of 
heat necessary to raise a unit mass of a suhstaneo 
through r C. Thus the specific heat, is really 
a measure of the capacity for heat of any 
body. Now, in order to study this subject. We 
obviously need more apparatus than a mere 
thermometer, and the apparatus employed is 
called a calorimeter. This essentially consists of 
a box containing a thermometer and a quantity 
of water. This box, usually mode of thin copper, 
is placed in other boxes and is eart fiilly supported 
on props in such a way that, no heat can get. 
out of it, and the thermometer is carefully fixed 
in the handle of a stirrer which passes through 
a hole in the cover of the calorimeUn*. If we 
now place inside the calorimeter any body at. 
a given temptTaturo, the thermomebT will 
readily enable us to ascertain the amount of 
heat which such a body has hoen able to impart 
to the water of the calorimetor — the amount of 
which is, of course, known. 

The Specific Heat of Water. .4noth(‘r 
remarkable peculiarity of wat/cr is that it 
has a very much higher specific heat than any 
other known substance. This Ix^ing so, its 
specific heat is taken as one, and th(^ specitio heat 
of other substances is stated proportionally. 
In general, the metals have low specific heats; 
those of brass and copjxsr, for instance, are 
less than one- tenth that of water. On the other 
hand, the specific heat of alcohol and glycerine 
is more than '6 and that of other is more than *5. 
The consequences of the high specific heat of 
water are almost as striking as those which 
follow its peculiar behaviour as rt^gards expan- 
sion near its freezing point. In the first place 
the high specific heat of water means that a 
given quantity of water at a given U^mperature 
contains more heat than a similar quantity of 
any other substance, and, in cffoling, such a 
quantity of water nooessarily gives out more 
heat than any other substance, just as, in 
raising its temperature, more heat hod to be 
put into it. Hence, ^r warming puiposes, 
water is the most valuable agent. .A hot 
bottle filled with mercury, for instance, would 
be quite cold in a very small fraction of the 
time required to cool a hot- water bottle ; and 
it is this property of water which makes it so 
useful in hot-water pipes. 

Water and Climate. This pro[>orty 
of water also profoundly affects the climate, 
for it tends constantly towards equalising the 
temperature. In summer the water does not 
have its temperature raised so quickly as the 
land, its specific heat being so much higher. 
This means, of course, that at night heat will 
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tend to flow to the »ea from the land, the 
temperature of which in thu» kept down. But 
in winter the land rapidly lo8e« its comparatively 
small store of heat ; the sea, however, is able 
to supply it from its own plentiful store, and 
thus tne climate is made more equable, the 
summer milder, and the w inter less cold. Thes? 
are the characteristics of an insular climate such 
as our own, and they are of the utmost value. 
The relatively cool summer that depends upon 
the high specific heat of the water surrounding 
us, tends to set some poor bounds to our terrible 
infantile mortality, which depends mainly upon 
the bacterial decomposition, under the influence 
of beat, of milk and other food ; and the rela- 
tively mild winter, due to the same cause, tends 
to keep down the death rate from pneumonia, 
bronchitis, and other diseases of the lungs. 
We abuse our climaU', but it is one of tiie l)est 
in the world ; for it has not only the advantage's 
of an insular climaU\ due to the high specific 
heat of w^ater, but is also ameliorated by that 
great convection current which is called the 
(tIuH Stream, and which constantly carries to 
us quantities of heat from the tropics. 

Tiiough all other liquids fall far short of the 
spc^cific heat of w'aU^r, they have higher specific 
heats, as a rule, than rolids ; and it is also the 
rule that the specific heat of a substance is 
higher when it is liquid than when it is solid. 
The specific heat of ice, for instance, is only 
one half that of w^ater ; this lading an instance 
of the general proposition that the specific heat 
increases with the temperature of a substance. 

Latent Heat. Another of the most 
striking effects of heat is its power of changing 
the pliysical state of matter. This has already 
lK*en discussed at some length in relation to 
the kinetic theory of gases and molecular motion. 
We know' that there are three well -recognised 
stales of matter and that these differ essentially 
in their measure of molecular motion ; and wc 
have seen also that heat and molecular motion 
cannot uUimaUdy lx* distinguished from one 
another. Suppose we melt some ice at the 
freezing point ; the temperature of the ice 
W'as 32” F., the Uimperature of tJie w ater formed 
w'hen the ice melts is also 32” F. ; what has 
Iwcome of the heat we employed in melting the 
ice ? We must believe that it is represented 
by the more active molecular motion of the 
water, and this heat, or heat that w'as, is now' 
called latent heat. In tliis particular case it 
is the latent heat of fusion (or melting). This 
may be defined as the number of thermal units 
required to change one unit of mass of a solid 
into a liquid without changing its temperature. 

Determination of Latent Heat. Latent 
heat W'as first discovered by that remarkable 
genius, Josepli Black, who was mentioned in 
the first section of the course on Chemistry. 
He determined the latent heat of water by 
what is called the ice block ccUorintcier. A 
ball of metal heated to a known temjx^rature 
is inserted into a hole of a block of ice, the hole 
beinq covered with a slab of ice. The metal is 
gradjally cooled until it reaches the freezing 
point, and in doing so it melts a quantity of the 
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ice. The water thus formed is poured out and 
weighed. If we know the weight of the metal, 
and its specific heat and its temperature when it 
W'as inserted, we know the number of calories 
necessary to convert into Uquid a quantity of 
ice corresponding to the weight of the water 
that is formed. Another method that may be 
employed consists in the insertion of a known 
quantity of ice into a calorimeter. 

When we spoke of the Fahrenheit scale, we 
referred to the mixture of ice and salt, \<hich 
provided Fahrenheit with the lowest temperature 
that he could obtain. Such a mixture is called 
a freezing mixture, and everyone who has made 
ices at home is familiar with it. The ice tends 
to melt, but in doing so it is compelled to 
obtain from its neighbourhood the amount of 
heat represe nted by the latent heat of water. 
As it melts, it dissolves the salt and thus forms 
brine. Now the freezing-point of brine is very 
much lower than that of water. Hence, such a 
mixture will readily freeze the mixture of milk, 
w'ater, and so forth, of which ices are made. 

Again, we find that water is distinguished In 
respect of its latent heat, which is about 79° C, 
That of iron is 23, of lead 5*3, and of mercury 2 '8. 

Temperature and Expansion. Our 
discussion of molecular motion in a previous 
section will enable us to believe that a 
change of volume is usually observed at the 
melting point, and we should rather expect 
that when a solid melts it should occupy more 
space than formerly. In the case of water, 
however, as also in the case of various metals, 
such as iron and lead, the solid occupies more 
space than the liquid at the freezing point. 
This is why cold cracks the water pipes. The 
W'ater appears when the thaw comes, but that 
docs not imply that it is the thaw which breaks 
the pipes ; the pipes were broken with the frost, 
which solidified the water and caused it to 
expand, thus bursting the pipes ; the thaw 
merely demonstrates the consequences. 

Having observed how the question of pressure 
must ahvays be correlated with that of tempera- 
ture — as, for instance, in Boyle’s law — we shall 
be prepared to believe that pressure affects the 
melting point ; and this is so. In general, the 
bodies which contract when melting, melt more 
easily — that is to say, at a lower temperature — 
if pressure be applied to them. This is evidently 
reasonable, since the pressure tends to make 
them contract. Conversely, bodies which ex- 
pand when they melt naturally melt with a 
greater difficulty under increase of pressure. 

Regelation. These facts account, in the 
case of water, for the exceedingly important 
phenomenon called regelation. If a weighted 
wire be passed across a slab of ice, its pressure 
will cause the ice to melt, so that it gradually 
cuts its way through the slab, leaving, however, 
not an open track, since the water easily freezes 
again as soon as the pressure of the wire is 
removed. Similarly, if two slabs of ice are 
pressed together, and then the pressure be 
removed, they are found to have become con- 
tinuous with one another. The pressure caused 
the surfaces in contact to melt, and when it was 



removed they froze together. It ie now believed 
that this phenomenon explmne the motion of 
glaciers [see Gbolooy]. Hence, though ice is a 
solid, it yet moves down a glacier valley almost 
as if it were a viscous liquid. For the ice which 
is in contact with the bed of the glacier is 
^nstanUv being induced by the pressure above 
it to melt and then freeze again in a fresh 
position, thus enabling the whole slowly to 
move on. Therefore we must regsurd the motion 
of jlcMiers as mainly dependent upon the 
influence of pressure upon the melting point of 
water. 

Uquida and Gases. Just as the addition 
of heat causes solids to liquefy, so it causes 
liquids to evaporate or become gaseous. If we 
take the case of water placed in a saucer, wp 
find that it ultimately disappears ; it has 
evr porated. Even ice evaporates without first 
parsing through the obviously liquid stage. 
The converse process we call condensation, and 
every child who has looked through a pane of 
gUiBS on a cold day is prepared to understand 
that the gaseous water which has left his lungs 
has become liquid by contact with the cold 
glass. Now, questions of evaporation and 
condensation are determined largely by pressure 
as well as by heat. We have said that water, 
and even ice, evaporate at all temperatures. 
But if the air above the water were already 
saturated with water v^our, no more water 
would be evaporated. Thus the evaporation 
of water depends not only upon temperature, 
but also upon the pressure of water vapour. 
But this pressure varies at different temperatures, 
to that, here again, we have pressure and 
temperature correlated. Saturated water vapour 
incrooscs its pressure as the temperature rises. 
When the temperature falls some of the vapour 
is condensed, and the pressure is less. 

We often talk of volatile liquids, and the 
term may be used to imply those which are 
very reamly eva^rated at ordinary tempera- 
tures, having a large vapour pressure. Con- 
spicuous amongst these are ether and alcohol, 
which have a much higher vapour pressure than 
that of water. Some liquids, however, cannot 
be evaporated at all, and so the term volatile 
may be applied to all the others. The two 
uses of the term are unfortunate. 

Vapours. We must carefully distinguish 
between unsaturated and saturated vapours. 
The former are simply gases, and obey Boyle’s 
law. Of the latter, the following law may be 
stated : The eatur<Ued vapour of every liquid 
that forms a vapour exerts a certain pressure, 
differing with various liquids, at a given tempera- 
ture, arid this is always the maximum pressure 
which it can exert at that temperature. 

In the case of every gas there is a temperature 
which is called the critical temperature, and as 
long as it is above this point no amount of 
pressure will cause the gas to liquefy. 

We must now also formulate the law frequently 
referred to in relation to the partial pressure of 
the oarbonio acid gM and other constituents of 
Uie atmosphere. It is that in a mixture of 
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fMipours and gases — as, for instance, in the case 
of air, which always contains a quantity of 
water vapour— eocA constituent exerts Us own 
pressure independenUy of the other, provided that 
there is no chemical action between them. This 
fact may be expressed by saying that, so far as 
the pressure of the waU'r vapour is ooncerned, 
the air acts as a vacuum towards il — “ on (3 gas 
acts as a vacuum to another.” 

Evaporation and Boiling. In Iwtii 
these processes there is the transference of a 
liquid into the gaseous staU' ; but in the case 
of the former, it is necessary that, for the vapour 
to form at the surface of the liquid, the 8i)aee 
above it he not saturated ; whereas, in tlu^ east' 
of boiling, the vapour is discharged into sutu 
rated space, being formed at tlie ternfx^ratuie oi 
saturated vapour at the pressure in tlu* licjuid. 
Thus we may define the boiling }M)int of any 
liquid as the temix^ratim^ of saturated vapour at 
the prespiro in the liquid. Water vapour at any 
given pressure must have a definit(3 t(‘mp(‘ratur<*. 
and the pressure of a bubble of water vapour, 
formed when water bods, must at least tajual the 
fluid pressure outside it ; otherwise, })lainly, it 
could not maintain its huhb}<3 form. 

Th(‘rt‘fore, at the ordinary atmoH])herie. pri's- 
•ure, the bubble of water vapour formed in lM3iling 
waU^r must have a temperatur(3 of l(KVM\ 
Bubbles may be formed at the bottom of the 
kettle, for instance, before the w'ater ri*aeh(‘H tliis 
temperature. Such bubbles, however, cannot 
rise unchanged through the liquid, but con- 
densed when they reach the surface. It is not 
until the whole of the water has reached the 
boiling point that the biibbles formed lielow can 
pass unchanged through the liquid, and it is not 
until we see this occur that we (‘an d<?clare th(‘ 
liquid to be boiling. As the heat continues to 
bo applied, the temperature of the rt*maiuing 
liquid is not increased, but all the heat is \is<*d up 
in converting part of it into a vai^our. 

Boiling under Various Pressures. 

In the cose of ordinary boiling water, the external 
pressure is simply t^t of the atmosphere, but 
we are now able to understand that if the atmo- 
ephcric pressure bo altered, the boiling pointmuMt 
be correspondingly altered — that is to say, tin; 
vapour or the liquid escajx^s when the water is 
at the temperature corresponding t(3 the external 
pressure. If, then, we lower the external pressure, 
the boiling point is correspondingly lowered — 
that is to say, the vapour can be given off freely 
at a lower temfierature than before. This fact 
provides us with a more or less acfmrato means 
of determining heights. For if we l)oil water on 
a mountain, a thermometer will indicate the new 
boiling point, and from the degree to which this 
has been lowered we can infer the lowering of 
the atmospherio pressi^, and thus the height 
at which the reading is taken. A consequence 
of this fact is that on the tops of high 
mountains cooking is performed with difficulty. 
For instance, it is impossible to cook an egg at a 
height so great that the boiling point of water 
is below the temperature at which the white of 
an egg coagulates or solidifies. 
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Bollifif under High Pretture. But, 
just a6 the premure is low^ by ascendii^ 
a mountain, so it may be raised by boiling in 
some sort of a vessel which does not permit 
the vapour to escape readily. In such a case, 
the external pressure is much higher than that 
of the atmosphere, since the partially confined 
steam exerts a pressure upon the surface of the 
liquid. We are now prepared to accept the fact 
that in such a cose the boiling point is raised. 

Latent Heat Again. Wlicn discussing 
the liqueiaction of ice, wc mad(^ the acquaintance 
of latent heat, and tliat in the act of con- 
verting ice at freezing point into water at the 
same point, much heat was employed, though 
therc^ was no rise in temperature. This we called 
latent heat of fusion. Similarly we find that 
when a liquid is converted into a gas a quantity 
of heat is alworbed, and this we call latent heat 
(jf cvafK)rntion. It is the heat which disap})ears 
—needless to say, it is not annihilated— when 
liquid at the toiling point is changed into vapour 
at the same tempf^rature. Th(‘ heat is still 1 here, 
but it cannot be |wrceived by tlie senses ; it lies 
hidden, and hence is called latent (from totin 
laleo, I lie hid), whereas the heat which can he 
perc(‘ived, or “senflod,” is sometimes called 
sembk heat. 

Washing without a Towel. If we 

wash tlic hands on ii cold day and allow them to 
dry without a towel, we soon discover how' cold 
they iHicome— so cold that tlu* skin is apt to Ihj 
injured, and the hands become chapped. Why 
should the evaporation of the water from the 
hands cause them to toeome cold ? The reason 
is cvidfmt. The latfint heat of evaporation has 
to come from somewheixi. Whenever any part 
of a liquid evaporates, some sensible heat must 
become latent. And that is the ease with the 
hands. The additional energ>' of molecular 
motion which the water \'apour possesses in 
virtue of its more aetiw? molecular motion is 
obtained by the transformation of sensible into 
latent heat, and the heat in our blood ha.s to pay’ 
the penalty. The mon^ rapid the (vaporatiou, 
the gr(*ator is the ixduotlon of tern |KTa tore of the 
body from which it occurs. 

Hence, alcohol, ether, tku de Vnhnjne, and 


similar substances, are used in preference to 
water for relieving a headache, or reducing the 
temperature of a hot and painful area of skin. 
These facts also explain the objection to wetting 
one’s feet. As the footgear dries, the latent 
heat of evaporation of the water has to 
obtained from somewhere, and the feet pay the 
penalty. But we have already seen that the 
rate of evaporation, or its possibility at all, m 
determined by the amount of vapour already 
pHJsent in the air. When the air is saturate, it 
can hold no more, and evaporation ceases. 
Hcncc, the importance of a current of air in the 
process of drying anything, and hence the danger 
of a current of air, or a draught, in causing the 
p<'rspirfltion to evaporate too rapidly— more 
rapidly than its tendency to saturate the atmo- 
sphere around it would permit if the air were 
still— and thus to lower the temperature of the 
body and reduce its resistance to microbes, so 
that w'e catch cold. 

Just as changes of pressure affect the toiling 
point, so they affect the speed of evaporation at 
any given temperature ; and, as we should 
expect, evaporation is hastened by decrease of 
pressure, and is retarded by increase of pressure'. 

A Criticiim of Latent Heat. In the 
attempt to secure accuracy of language, or, at any 
rate, of comprehension, wo must recognise tliat 
tht‘ term ktevt Jmt is perhaps only a convenient 
fiction. Certainly, it does appear to be so if we 
consider the case of a given mass of the same sub- 
stance at the same tenifK^rature ; for instance, 
liquid water, and water vapour, at 21*2° F. The 
winter is said to contain far more heat in the one 
state than in the other. What it (‘ontains, of 
course, is not heat at all in the ordinarj* sense of 
the word, but it is increased molecular motion, 
increased energy which w as formerly heat energy, 
or sensible heat, and is now called latent heat 
for coiiveni(*nce, but is really not heat at all, any 
more than any other kind of energj^ is heat ; yet, 
nevertheless, it w'as heat, and under suitable < uii- 
ditions c*an be transformed into heat again. In 
short, as we shall st'e later, heat is a form of 
energy, and all forms of energy are mutually 
convertible. That, however, is no reason why. 
save for mere convenience, we should apply the 
term hint to any of them except to sensible Wt. 
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A MONO all the noise and strife which seem to 
^ 6c inseparable from the public discussion of 
Education, it is seldom that we hear one quiet 
and steadfast voice proclaiming the definite 
and sovran end of laborious learning. 

People, for the most part, are content to regard 
education as a weapon to be used in the battle 
for daily bread. The schoolboy is encouraged by 
his parents to stick to his books that he may pass 
Buch-and-such examination, and so provide for 
himself a comfortable income. The working 
classes look upon national schools as a means for 
enabling them to enter the middle-classes. The 
middle-classes look upon public schools and 
universities as moans for enabling them to 
improve their positions and secure a pension. 
Everywhere this Philistine notion obtains, and 
narrows the view of learning. We regard the 
schoolmaster as the benefactor of our social cir- 
cumstances ; the book of wisdom is the guide to 
the book of pounds, shillings, and pence. 

The Two Doctors. Now, it is just and 
right to desire an improvement in our social 
circumstances, and it is fair and proper to use 
education to this selfish end. But our worldly 
advantage is neither the only nor the most 
important destination of learning, and so to 
regard it is to bring about our own discomfiture. 

We have only to look about the world to see 
how disastrously such a concept of education 
works in the affairs of men. Take the profession 
of medicine. A boy goes from school to one of 
the hospitals, works desperately hard at his 
books and in the wards, and finally passes all his 
examinations with honours, and is entitled to 
describe himself as a Doctor of Medicine. He seta 
up for himself in practice, continues to keep 
himself abreast of medical discovery, and 
manages to earn sufficient money for daily 
bread. But he is not the successful doctor of 
the district. Ihe man who passed the same 
examinations as he passed, and perhaps with 
less ease and less honour, is the man of whom 
everybody in that district speaks with praise, 
the man who introduces new methods ana fresh 
Ideas, and who enioys all the rewards and advan- 
tages of the medical profession. What is the 
difference between these two men ? Both have 
been educated to figure and describe themselves 
as Doctors of Medicine ; both have qualified in 
the same tests. What is the difference T The 
differmice is this : one has learned to apply his 
education and to succeed as a doctor, and the 
other man has not. 

There are thousands of en^eers in England, 
but the great inventor — the man who has 
learned to train himself to apply his knowledge 
cd engineering to the }»x>blems of mechanics — 
it as rare as a poet. 


There are tliousands of clergy uu ii iu Englanri. 
but the great minister— the mini w ho has Icanied 
to train himself to apply his knowledge of 
Cliristian history to the problems of the soul— is 
almost as rare as a blue moon. 

The Rarity of Genius. The world is full 
of people wlio have passed examinations, but 
genius is, perhaps, oven rarer than it was Ijeforo 
the era of intellectual competition. Consider 
how the quiet watching of an apple’s fall to 
the ground and the seend eon temptation of 
a kettle's bubbling lid accomplished morei for 
human progress than generations of book 
cramming and ages of comjietitivc examinations. 

In one of those remarkable novels which give 
witness to the troubled awakening of Hussin, 
M. Maxim Gorki has a remarkable passage on 
the subject of modern education. In “ The Man 
Who w'as Afraid,” a successful but turbulent 
and unstable merchant is made to address his 
son in these words : 

“ I wish to tell you that school-books are 
but a trivial matter. You neeil these as a 
carpenter needs an adze and a pointer. They 
are tools, but the tools cannot teach you how 
to make use of them. Understand ? Let us see : 
Suppose an ad/.e w’cre handed to a carpemter 
for him to square a beam with it. It*s not 
enough to have hands and an adze ; it is also 
necessary for him to know' how to strike the 
wood so as not to hit his foot instead. To you 
the knowledge of reading and writing is given, 
and you must regulate your life with it. Thus 
it follows that l^oks alone are but a trifle in 
this matter ; it is necessary to be able to take 
advantage of them. And it is this ability that- 
is more cunning than any books, and yet 
nothing about it is written in the books. Tfcis, 
Foma, you must learn from Life itself. A book 
is a dead thing ; you may take it as you please, 
you may tear it, break it — it will not cry out. 
\Miile, should you but make a single wrong 
step in life, or wrongly occupy a place in it, 
Liie will start to bawl at you in a thousand 
voices ; it will deal you a blow', felling you 
to the ground.” 

The Mind of the Mind. In the matter 
of life, books indeed are but a trifle, and 
the cunning to take advantage of them is 
verily more than the books themselves. The 
problem with which we are now' concerned is 
this same question, this Same perplexing problem 
—bow to acquire the cunning to use our learning 
to a successful end. ” Nothing about it is 
wTitten in the books.” Richard Jefferies re- 
marked on this same lack of teaching, and in the 
course of his argument employed in different 
fashion M. Gorki’s metaphor of the tool and the 
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c«r{i^ter. He oomperw tlie soul or the per- 
soiwlity with the mmd or the intellect, of a man, 
and says (in The Story of My Heart *’) : 

** Now the eoul is the mind of the mind. It 
can build and construct and look beyond and 
penetrate space, and create. It is the keenest, 
the sharpest tool possessed by man. But 
what would be saia if a carpenter about to 
commence a piece of work examined his tools 
and deliberately cast away that Mith the finest 
edge ? . . . We are taught to 

minds, and furnished with materials. Tne mind 
has its logic and exercise of geometry, and 
thus assist^ brings a great force to the solution 
of problems. The soul remains untaught, and 
can effect little.” 

The question is cleared of some of it.s diffi- 
culties, and an excursion into this un travelled 
region is rendered less disheartening by pro- 
viding ourselves at the outset with a practical 
and certain definition of the term Education. 

The Perfection of the Brain. Educa- 
tion is in reality a means for the perfection of 
the human brain. It is the qualified engineer 
whom wo train to take charge of and to oversee 
the delicate machinery of the brain. Or, in 
another way, we loam by education tor operate 
and control this machinery, and to get out of it 
the linest work of which it is capable. The l^est 
educated man is not he who can compile a 
gradus but cannot write an interesting letter ; 
that man is tlio Ix^st educated who has so intimate 
a control of all the functions of his brain as to be 
able to employ it in its several departments for 
the l)enefit of mankind and for his own highest 
enjoyment. Education is meant not merely 
to supply information — the present prevailing 
heresy — it is meant to develop the creative and 
inventive faculties of the brain, to stimulate and 
quicken intt^lloctual curiosity, and to bring into 
action the many and harmonious functions of 
the soul which work together for the happiness 
and victory of the }>ertect man. In a phrase, 
education is intended to train the mind, “ to 
render it elastic, subtle, and adaptable.” It is 
a drawing-out of consciousnoss ; not a cramming 
full of suffocating facts. 

Training the Mind. Now. a little con- 
sideration suffices to encourage the supposition 
that there must be exercises for training the 
mind as obvious and as certain as tJiose for 
increasing the muscular activity of the l>ody. 
Serious thought on this subject convinces us that 
these exercises do exist ; and we presently 
see those certain and definite exercises arranging 
themselves in order as perfect as that of the 
drill-ground. Indeed, it is not strictly tnie, 
as Gorki savs, that ” nothing about it is uTiiten 
in the boo\cs.” Little >*8 uritten about these 
definite and obvious exercises for training the 
mind, but if w’e study literature we find that 
every sage has witten about them in every age, 
and that it is the ** practical ” people in cliai^ 
of the machinery of education who have often 
left them out of their consideration, and who 
have more or less ignored their absolute 
significance. 
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Edttcatioii and €^araoler« The chosen 

end of all the exerci^ for training the mind 
which we shall deal with in this course of study 
is the perfection of the machinery of the mind ; 
but the chief result of them, however applied the y 
may be, and however unexpected that result 
may be, is character. The wise man will con- 
sider in all bis studies that either for good or for 
ill he is thereby influencing and perhaps actually 
forming his character. Education is the funda- 
mental problem it is because of its tremtndouH 
significance for character. To lose sight of this 
fact is to lose sight of life itself. 

Thoreau declares his belief that the mind can 
be permanently damaged by attending to trivial 
things, and it is certain enough that miserahh* 
habits and mean studies do visit tlieir unbapjjy 
results — either seriously or moderately — upon 
the mind and character of their victims. How 
much more, then, shall a persistent and steady 
course of study affect the mind and influence the 
character ? It is, indeed, a work passiiig tin* w il 
of man to divorce learning from personality 
When we say with Wordsworth that the boK- 
father to the man, what more can we mean 
than this, that as the boy learns in childhood 
HO will his character emerge in manhood ? 
Heredity may or may not play a giant’s part ui 
character, but there is no debatement as to the 
certain effects of learning and study— either for 
good or for evil. 

The Great Moving Force. As a man 

learns, so his character emerges ; by what he 
learns, so is his character influenced. But 
tho.se who l)elieve that the mind of the 
mind ” can be trained, who are j>ersiiaded that 
the soul should have her arithmetic and logic, 
and who attest their conviction that the future 
of education lies in this direction, go further 
than the loose admission that learning affects the 
character, and declare that right and true educa- 
tion can produce character, can actually creati* 
in the brain a soul in complete mastery over the 
body, and that it is in truth the chief weapon 
In the aimoiiry of progress. 

From this standpoint education opens up a 
field that extends far beyond the four walls ot 
the class-room. From a local place in the 
affairs of men it widens till it occupies universal 
territory. Instead of a means for passing exanu 
nations, it becomes the central force in evolution 
It is no longer the path to a pension, or tlu 
ladder from slum to suburb, but the moving: 
force of universal governance. It is not a spoon 
which feeds the mouth of infancy with the sop 
information ; it is the weapon w'herevith a man 
beats his way from stale usage, and wins to tlu 
clean shores of fresh truth. It does not pauj*<’ 
at the school-room, nor cease at the gates of th< 
university ; it accompanies a man on his joume\ 
through life and brings with every^ day to hi- 
soul new avenues to truth and unsuspected patb.^ 
of enchantment in the wonder world of dis 
covery. It is the one force in the affairs of men 
which has never paused. Long, long ago we 
had great periods of literature, great periods ot 
art. great periods of religion, and always what 
we attain in those regions to-day is mocked by 



art' a»it wiligiOT Md 

* ,,try re»d:^l«^ Sgo «h«ff apogee, and that 
foi the future t^e W!fc of tfcoise who walk therein 
nee^ go sorrowfully downwards from the 
trtinsfigui'ed moontain-hei^ta ? 

The One Thing that Mowee Onward. 
Pf)ctry has its ebh and flow, religion has its 
ebb and flow, morals and manners have their 
ebb and flow ; one^thing alone is constant, one 
thing*alone moves steadfastly forward. It is 
human knowledge. We cannot paint as Velas- 
(uiez painted, we cannot sing as Shakespeare 
sang, we cannot feel onrselves in the relation to 
God which Francis of Assisi felt ; but we can say 
with the assurance of historical fact that the boy 
u ho to-day studies science at school knows more 
of the universe about him than even Newton 
knew. Our surgeons operate with less risk to 
hfe every day, and every year our steamers 
travel faster and with increasing comfort over 
the wildest seas. We print faster, we sow and 
reap quicker, we make and manufacture cheaper, 
and every year sees the wit of man improving on 
and surpassing the knowledge of his fathers. As 
obvious as the sun in the heavens is education 
in the affairs of men as the central and deter- 
mining force in evolution. 

And it is only because men have failed to apply 
education, have failed to use it for the highest 
and noblest purposes, that it has had so many 
powerful and brilliant enemies. What is the 
use of your fast steamers, they cry, of your 
reaping machines, of your cheap clothes and 
boots, of your halfpenny newspapers and your 
Nasmyth hammers, if life grows uglier at every 
age, if the lips of poetry grow increasingly dumb, 
and more and more the altars of (5od are 
deserted ? What avails your knowledge if there 
is less laughter and song in the world ? Behold 
your prisons, your lunatic asylums, your hideous 
barracks, your factory chimneys, and the 
blasted face of the coimtry where your miners 
sweat out of sight of the sun — arc these what you 
have t/O show us in exchange for ignorant peace 
and uninformed content ? Look, too — they may 
well cry — at the anmmic faces and bent backs of 
your clerks and factory-hands, and Udl us 
whether progress leads further on in this direc- 
tion, further and still further away from the 
deep chests, the broad shoulders, and the simple, 
happy minds of the age before your pestilent 
schoolmaster and his boast of book knowledge ! 

What Education Can Do. It is true 
enough that a misconceived Education has 
worked evil in the world. But we are only 
in the dawn of learning, and the faith of the 
most serious philosopher must be that life will 
become easier and not harder, pleasanter and not 
more irksome. Still more triumphant will the 
course of men become when education is per- 
ceived to be a means for obtaining control over 
the machinery of the brain, and when it will l»e 
as much a part of scholastic training to acquire 
the art of employing education as it now is to 
acquire information. 

For it is certain that a weak man can train 
himself to become strong, a dull man to become 
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brigl^, the intolerant to learn humility, and the " 
erratic and unsteady to acquire steadfastness 
and earnestness. It is certain that education 
can produce intelligence even in the insane ; it is 
certain that education can cure many evil ten- 
dencies, either inherited or accpiirocl, in the 
weak-minded. These things are clinical facts. 
How much rnore, then, shall the morally and 
mentally efficient benetit and develop under the 
influence of education, directly that education is 
particularly and most persistently directed to 
the creation of character ? 

Education properly applied produces an 
efficient human being, fitted to (uqt^y his lib*, 
to work successfully in his profession or tn\d(', 
and to serve as a pioneer for a more perlVetly 
intellectual being in the generation to follow. 

It is not a haphazard process, which turns 
out a genius here or a dunce there; it is a 
mathematical process which gives to every 
man, the most and the least gifted, greater 
and more certain control of Ids powers. 

Learning by Rote. There are many 
men who confess that they learned nothing 
at school, but greater still is the number ol 
those wffio must admit that they never learned 
at school how to use the knowledge they 
received at the hands of their sehoolmaster. 
And yet it should surely be plain to the practical 
people in charge of edueation that a man may 
know the law by rote and yet fail as a barrister, 
that a man may be proficient in bookkeeping 
and yet fail as a merchant, that a man may learn 
husbandry in all its theories and practiecs and 
yet fail as a farmer. 

We have such sayings as “ H(‘ w’as born to 
succeed” to cloak our ignorance of the reason 
why one man fails and another man sucooeds. 
Such a iihrase has served in the past, but it will 
serve no longer. Wc have lx‘come righteously 
inquisitive, and have shaken off much ancient 
superstition ; we now' hold pretty universally 
that there is a logical rtviaon for everything. Why 
should one man succeed and another man fail in 
a profession w'hi(;h has been entered by both of 
them through the gates of the same examina- 
tion ? Directly we rcalisci that both of these 
men rectdved an equal amount t)f information on 
the subject, and that both of them satisfied the 
examiners that they were equall y efficient for that 
profession, wc perceive that the reason of one 
man's success is his ability to apf)ly his learning, 
and that the reason of the other man’s failure is 
his inability to apply his learning. The only 
question that remains is whether it lx; possible 
ti) teach men how to apply their knowledge. Js 
this ability to make ust; of knowledge the imme- 
morial secret of genius ? Is it the hidden answer 
to the perplexing problem of man’s difference 
from man, or is it possible to implant and 
develop this power in the minds of the leaxt 
responsive, and so bring almost to one level the 
laborious student and the brilliant scholar ? 

Consciousness and Personality- It 
depends very much on the inclination of 
those who submit themselves to this discipline 
of the intelligence whether it succeed in the case 
of the heavy and the unsympathetic ; and even 
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tiiifl inoliti^iicm, tibfi magi gifted with quick* 
.neM of perception, and bom with a ready and 
an intense sympathy, starta with a vast advan* 
tage over those who must painfully acquire this 
intolleciuAl responsiveness. But every man who 
practises these exercises of the mind, be he slow 
or quick, mil find himself studying with greater 
ease, and will discover a new and an increasing 
pleasure in adding to his stores of knowledge. 

More and more the tedious as well as the 
brilliant will find themselves obtaining an even 
greater mastery over their mindn, and feeling a 
finer command in the direction and administra- 
tion of aU the functions of their intelligence. 
Certainly they will Ije conscious of a deepening 
and a strengthening of their personality, an 
emergence from suffocating mists and enveloping 
miasmas towards their real and abiding selves, 
and will liecome everyday better acquainted with 
themselves in what is destined to be the proper 
study of mankind — a knowledge of themselves. 

Our Ignorance of Ouraelvea. At 

present, the mind of the mind, that Ego which 
drives the brain to work or })erinit8 it to rest, 
that mystery of all mysteries, the human con- 
sciousness, is the carpent(‘>r who has not learned 
the use of his tools. No wonder, then, that there 
are educational problems, and even critics of 
education itself ; but when the mind of the mind 
has put itself to school and learned its lesson, 
then will the mind find little difficulty in ac- 
quiring information and even less difficulty in 
putting that information to practical service. 
Wo have only to cross-examine ourselves for a 
few minutes to find how ignorant we are of our- 
selves, and how clumsily we put to use the 
knowledge of which we possessed ourselves at 
school. 

There are signs on all hands that men are 
awakening to the insufficiency of our pi-esent 
methods ; there are even here and there 
evidences of the realisation by those in 
authority of the eternal and spiritual character 
of education. Professor Sidgwick and Sir 
Oliver Lodge have been the pioneers in this 
direction, and numerous other men, in attacking 
the present methods without any real system 
of their own, are preparing the way for the fuller 
and moi'e scientific theory of edfucation which 



Is certainly destiiied to supplttat our present 
process of ** muddling tbrouiy^ somehow.'’ 

The Soul for Study* It* is certain as 
gravitation that men do now apprehend somi 
objective in study beyond and outside the actual 
limits of education, some goal that as far 
transcends a competitive examination as the 
rays of Sirius outshine the fiicker of a match. 
The present is a season of. awakening — an 
awakening in the dark, which must needs 
mean groping — but already our trembling^ands 
are touched by the faint hues of a new dawn. 
No one has more eloquently expressed this con- 
sciousness of awakening than Professor Mac- 
phail, of Glasgow, who concluded a recent address 
to medical students on the “ Anatomy of Study ' 
with these words : 

• “ And though I cannot tell where it exactly 

comes in, or in what it precisely consists, . . . 

I claim a Soul for study — a soul whose journey 
does not end in that studious training of brain 
and hands and hearts which makes physicians 
and surgeons worthy graduates througlyut 
the length of their days, but a soul which, 
upw^ard and around, to a goal above and 
beyond these things, is ever marching on. 
There is so much to be done in the day’s work, 
so much to be endured, so much to be enjoyed, 
that there is often little time in the course of it 
for contemplation of the goal ; but let us ever 
strive to keep green some cherished halting- 
places, where the rigours of the day’s march 
can be forgotten, and where — 

‘ In seasons of calm weather. 

Though inland* far we be. 

Our souls have sight of that immortal sea 
Which brought us hither, 

Can in a moment travel thither. 

And see the children sport upon the shore 
And hear the mighty waters rollingevermore.’ ” 
Above all things, it is essential to realise that 
education is worthless if it do not develop con- 
sciousness, and deepen the enjoyment of life. 
Nothing con be of service to the individual or 
to the race which does not bring out the fullest, 
faculties of being "emd enlarge the vision of 
human destiny. To regard as education the 
cramming of a mind with facts and fibres is to 
mistake brass for gold, and sea-froth for pearls. 


Continued 
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COIJD geometry, or orthographic projection 
^ as it is sometimes called, is that part of the 
science of Geometry which enables us to repre- 
sent on a flat surface, such as a piece of paper, 
which has only ttm dimensions — viz., length and 
breadth — the form of solids, which have (firre 
dimensions — viz., length, breadth, and thick- 
,ne88. The form and position of most solids 
can bo shown by drawing two views only — 
tt2.» (1) the plan, and (2) the eletjation. 

407 illustrates how both plan and eleva- 
tion may hti obtained. Fold a piece of paper 
at right angles, and place it on a table which 
adjoins a wall, so that one part of the paper 
rests horizontally on the table, and the other 
part vertically against the wall. Then place, 
say, a rectangular box on the paper, and trace 
its form ab^ on the horizontal surface of 
the paper ; this dramng shows the length 
and breadth of the object, and is called the 
plan of the box. Do not move the box, but next 
trace its form, a'b'e'f', on the vertical sur- 
face of the paper ; this drawing shows the 
height and length, and is called the elevation 
of the object. The surface, or plane, upon which 
the box stands is called the horizontal plane 
(H.P.), and the upright surface, upon which the 
elevation is drawn, is the vertical plane (V.P.). 
The crease or fold of the paj)er, where the tw'o 
planes intersect, is the intenteefing line, which is 
named X Y or xy. 

The plan and elevation are sometimes called 
projections, because each point of the object 
is projected or thrown upon the horizontal or 
vertical plane ; thus, a' is the projection of A 
on the vertical plane, and the lino which joins 
A and a' is called a projector. 

The student should remember the systc'm of 
lettering the comers of the object and their 
projections. Thus, if B denotes an actual 
comer of an object, then b show^s its plan, and 
b' its elevation. FSee 407 and 408.] The latter 
shows the plan and elevation upon one surface 
when the V.P. and H.P. are opened out into one 
plane. 

Definitions of Simple Solids 

i. A cvibe is a solid contained by six equal 
squares [409]. 

ii. A prism has its two ends equal, similar, 
and parallel plane figures, and each of its sides 
is a parallelogram [410]. 

iii. A pyramid is a solid having a plane figure 
for its base, and its sides triangles, w hich have 
a common apex, or vertex [411]. Prisms and 
p^amids are named according to the shape of 
tneir ends and bases ; thus, a hexagonal prism 
has a hexagon at each end [410], a pentagonal 
X>yramid has a pentagon for its base, etc. [41 Ij. 


The axis is a line passing through thi^ middle of 
the solid. A right prism, cone, pyramid, etc., 
is one whose axis is at right angles to the ends 
or base [410. 411, 414. 416], When the axis is 
not jKwjx'ndieular, the prism, cone, pyramid, 
etc., is said to be oblique [412]. 

IV. A sphere, or globe, is a solid bounded by 
ont' convex surface, every part of wdiich is 
eiiuidistant from a point within, called the 
centre [413]. 

V. A cone is the solid generated by the revolu- 
tion of a right-angled triangle round the per- 
pendicular [414]. 

vi. A cylinder is a solid generated hy the 
revolution of a rectangle round one of its sides 
[416]. 

vii. A frustum is that portion of a solid next 
its base left by cutting off the upper part. Tn 
a cone or pyramid the frustum is sometimi's 
called a truncated cone or truncated pyramid’ [416]. 

viii. A tetrahedron is a solid bounded by four 
equal equilateral triangles [417]. 

ix. An octahedron is bounded by eight equal 
equilateral triangles [418). 

X. A dodecahedron has twelve equal and regular 
p<*ntagonal faces. 

xi. An icosahedron has twenty equal faces, 
all equilaUwal triangles. 

xii. A section is tlie cut fiarl, or surface of 
sejiaration, of a body cut by a plane. 

Solids in Simple Positions. When 
working out the various problems which follow 
the stuacni should make his drawings about 
four or live times as largo as the diagrams 
here given, or according to dimensions given 
in the data. The projections should be repre- 
sented by very thin lines, the visible edges of 
the object by thick lines, and the invisible edges 
by dotteid ones. Sometimes it is best to draw the 
plan first, and at others the elevation ; the 
student will he able to dcH’ide which should be 
first from the given data. 

A very great help in solving problems in solid 
geometry is to make little models out of wood, or 
of pieces of cardboard fastened togt^ther. Then 
place the object as required according to given 
data in its proper ri*lation to the vertical and 
horizontal planes, which may be w'cll representijd 
by a piece of cardboard cut partly through along 
the line X Y, and folded at right angles. 

On examining the following problems it will 
be 'seen that the elevation generally touches 
the line A’ Y, and the plan is at any distance from 
the same XY ; but the elevation may also bo 
placed any distance above this line if required, 
according to given dimensions. 

One should be careful to letter the corners 
eorrectlv. The line X Y and all horizontal ones 
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should be drawn with the T-«4]^uare, and pro- 
jeotors M well m other perpendiculars with the 
set-square. 

Draw the plans and elevations of the following 
solids : 

419. A CiTB» Stanpikg on ihb H.P. (Hoei* 
zoNiAL Plane), wiih One Face Paballelto 
THE V.P. (Vertical Plane). Draw the line 
Xy, and below it make a souare abed with 
two of its sides parallel to Xi. The elevation 
is obtained by drawing the projectors de' 
and cf* perpenaicular to JiTP, and making the 
square t'f'oa* upon e'f' as shown. 

420. A Cube with One Face on the H.P., 
AND WITH A Vertical Face Incuned ai 30° 
WITH THE V.P. For th(‘ plan, draw a square 
abed with one side, as cd, making 30° vith X Y. 
From each angle of the plan draw projectors. 
Make a*e' equal to ah, and draw a'c' parallel to 
X Y. Complete the elevation as shown. 

421. A Cube standing on an Edi^e, with 
One Face making an Angle or 20° with the 
HP., and its Vertical Faces Parallel to 
IHE V.P. Here the elevation must bo drawn 
first, by drawing a'e' at 20° with A' F, and on it 
construct the square a'e'f'b'. For the plan, 
draw projectors from each angle. Draw dg at 
any mven distance from the vertical plane, and 
parallel to X Y. Make da. equal to a'e', draw 
af parallel to dg, and complete. 

422. A Square Pyramid, 2 in. High, standing 
ON ITS Base, with One Edge making 30° with 
IHB V.P. Draw dc at 30° with X Y, and on it 
describe a square df)cd for the plan. For the 
elevation draw projectors from each angle to 
AT, and from e a projector to 2 in. above 
X Y. Join e' with a\ d\ h\ c'. 

Note. The diagrams for the following prob- 
lems, 428-429, explain themselves. 

428. A Cyunder, 2 in. Long and 2 in. in 
Diameter lying on the H.P. wnii its Axis 
AT Higut Angles to the V.P. 

424. A Conk, 2i in. High and Base 2 in. in 
Diameter, st anding with its Base in the H.P. 

425. An Equilateral Triangular Prism, 

2 IN. Long, with Side of Triangle 1 in., 
LYING on One of its ;8ides, w^ith its Ends 
Parallel to the V.P. 

426. A Hexagonal Prism, 2 in. Long, with 
Sides of Hexagon | in., lying on One of its 
Sides, and Axis at Right Angles to the V.P, 

427. An Octagonal Prism, 2 in. Long, with 
Sides of Octagon J in., lying on One of its 
Sides, ^VITH its Axis at Right Angles to the 
V.P. 

Solids Having One or More Sides 
Inclined to the Vertical Plane 

428. An Equilateral Triangular Prism 
standing on its End with One Side Incuned 
at 25° to the V.P, 

429. A Hexagonal Prism, standing on an 
End w^TH One Side making an Angle of 25° 
with the V.P. 

480. A Tetrahedron, with One Face in 
the H.P., AND One Edge at 40° wnn the V.P. 
Draw 6c at 40° W'ith X F, and on it describe an 
equilateral triangle o6c. Join o, 6, and c to the 
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eentoed. This |s the plaiL Drawprc^eetorBto 
obtain the election. To obtain the hel|^t, 
draw dV at ri^t angles to cd. With c as centre 
and radius 6c cut the |)erpendicular dD in' A 
then dD is the required height. 

481. An Equilateral Tbianoulae PRisif, 
LYING ON One of its Rectangular Faces, 
WITH ITS Axis making 20° with the V.P. 
Draw fe at 20° with X F, and make fe equal to 
the lexigth of the prism. At e and /, draw per- 
pendiculars fc and ed, each equal to the e<^ of 
the equilateral triangle, and complete the rect- 
angle cdtf. Draw S) midway between cd <uid 
e/. This completes the plan. Draw projectors 
for the elevation. The height is obtained by 
constructing an equilateral triangle Aed, of which 
J6 is the height. The line a'6' is distant from 
X F a height equal to Ah. 

482. A Hexagonal Prism, lying on One of 
its Oblong Sides, with its Axis making 20° 
with the V.P. Draw jd at 20° with X F, and 
from j and d draw perpendiculars jg and do, each 
equal to the diagonal of a given hexagon {odAE 
is a half of the given hexagon). Through ‘A 
draw (t, and through E, hh^ each parallel to ag 
or dj. This completes the plan. For the eleva- 
tion draw projectors from each angle of the plan. 
The height c'/' or is equal to twice Ac or Eh. 

Solids with One or More Sides 

Inclined to the Horixontal Plane 

488. A Square Pyramid, lying on One of 
ITS Triangular Surfaces, with its Square 
Base Perpendicular to the V.P. First con- 
struct the plan and elevation, when the pyramid 
is standing upright on its base, with one edge 
parallel to X F, as shown by A6cD in plan, and 
Ab'E' in elevation. Then turn the elevation 
A'h'E' so that h'E' rests on XF at 6'6^ and 
A' at o'. Then o'6'e' is the required elevation. 
Draw projectors from o', h\ and e', to meet 
horizontals through 6, c, and E. Then abede is 
the plan. 

484. A Tetrahedron, standing on One 
Edge, with its Axis Horizontal and Paral- 
lel to the V.P. As in 488, first obtain the 
projections as if the tetrahedron were standing 
upright on a face with one edge perpendicular 
to X F, as A6c for plan, amd A'b'D' for eleva- 
tion. Turn this elevation until A '6' is vertical 
in the position o'6', and D' at the point d'. 
Then o'o'd' is the required elevation, ^e plan 
bed in then easily obtained. 

485. A Hexagonal Prism, with its Axis 
Parallel to the V.P., but incuned to the 
H.P. AT 20°. Construct the plan ABCdeF, 
when the prism is standing upright on its end, 
with an edp AB at right angles to XF. Draw 
projectors from this plan to meet X F. From s' 
draw s'ifc' equal to the length of the prism at 20° 
with XF, and erect perpendiculars to e'k' from 
e' and k'. Make s'a' and k'g' each equal to dB, 
Make e'/' equal to half of dB, and through a' 
and /' draw a'g' and /T parallel to e'k\ This 
is tbe required elevation. For the plan draw 
projectors from each angle of the elevation to 
meet horizontals from A, R, C, rf, e, and F. 

Continued 
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RECAPITULATION 

Dcmbld-eiitry Bookketpini: : A Recapitiiktkm. Coonectum 
betwara Jottrnal and Ledp:ef. Epitome of Ledger Accoiints 


By A, J. WINDUS 


IT may be asserted without fear of contra- 
* diction that we are arrived at a crisis in the 
study of double-entry bookkeeping. In treating 
of the transactions related in Part VI., we 
“ hastened slowly,” but in order to reap the 
benefit of that policy, and avoid its perils, we 
must, before we proceed, attempt a recapitu- 
lation of the results attained. 

Recapitulation. Nor can it Ije doubted 
4/hat the usefulness of a review of this kind may 
be enhanced by combining with it fresh instruc- 
tion on one or two matters closely connected 
with the work in hand. Accordingly, it is pro- 
posed to n‘state the aforesaid transactions in 
tabular form, with columns adjoining, wherein 
will be displayed the old-fashioned method of 
journalising items before posting to the ledger. 


ft. 








M ^ 


I 






The contrast between the old-style journal 
and the modem specialised books of original 
entry will be shown by means of the diagram 
annexed, which will also indicate the relation 
between such books of original entry and the 
ledger. 

We shall then pass, by a natural transition, 
to the ledger itself. Messrs. Bevan A Kirk, it is 
true, keep several ledgers, but for the present 
purpose, let us imagine them to be various parts 
of one volume, each part being devoted to a 
special class of accounts, as trade creditors, trade 
debtors, and so on. As we advance in know- 
ledge of our subject we shall agree that the 

multiplication of ledgers is a mere matter of 
convenience, and that none of the principles of 
double-entry is violated thereby. The same re- 
marks also apply to the 
^ subdivision of the journal 

into day book, invoice 
book, and the rest. 

Relation of Journal 
to Ledger. Our next 
care will be to trace the 
connection between (o) 
the journal and the led^r 
— where the former is 9ie 
sole book of original entry; 
and (6) the books of origi- 
nal entry and the ledger, 
where the journal has been 
subdivided In the latter 
case, it should be remem- 
bered that the journal still 
exists as one of the books 
of original en^, although 
in an abbreviated form. 

With the object of 
clearly demonstrating the 
effect of posting from the 
journal to the ledger, a 
partial view of the ledger 
will be given, comprising 
merely the accounts and 
items mentioned in the 
journal entries. 

We shall do well to con- 
centrate our attention 
upon the synopsis now 
presented. It con tains the 
sum and substance of 
much that has been dis- 
cussed in the previous 
chapters of our course, 
and upon the true under- 
standing of it our pro- 
gress in the art and 
scienoe of accounting 
largely depends. 
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MYS’ SUITS 

DnHing Mud Makiitg Banded Knickers. Tracing: and Makinif 
up Breeches. A Norfolk Jacket The Trouser System 


By Mra W. H. SMITH and AZfeLINE LEWIS 


Banded KnlcKera. The knickerB with 
which we have now to deal are intended to 
accompany the coat just drafted. 

Side length, from the hollow of waist to side 
of knee, 20 in. ; inside leg, 12 in. ; seat, 28 in. ; 
waist, 26 in. ; knee band, 10 in. Working 
scale, half waist, 13 m. ; half seat, 14 in. ; 
I in. turnings are allowed on all seams. 

Drafting the KnicKera. These are 
drafted in the same way as the previous knickers, 
with the following exceptions : 1 to 2, side 
length ; 2 to 2", 3 in. ; 3 to H, half waist ; back 
line to I, half waist 
and IJ in. This 
allows 1 in for turn- 
ings, and } in. to be 
taKon out in a dart, 
which 18 made 3 in. 
from J, and termin- 
ates about 2 in. 
lielow waist line [ 48 ]. 

The object of this 
extra } in. added to 
the turnings is to give 
plenty of 
room from 
1 to C, other- 
w i 8 e the 
knickers will 
drag at those 
points. 

Make J on /\ 
the line [ • 
above I, and 
K above H 
on same line ; 

2’" toL, 1 in.: 

L to M, half J 
seat, less 
j in. ; M to | 

N, 1 in. Draw ^ 

line from N 

to C, curve 

from C 



through B * , band 
to witliin 1 
in. of E. 


48 . DRAFTING FOR 
KNICKBRS 


Three inches up from N make a dot ; curve from 
M through the dot to D, and from D to E. 
Curve from L J in. to right of 2, through F** and 
I, to 4 in. to right of J, and from seat-line 
through H to K. 

Make a dot midway between L and M, hollow 
tlie underside } in., and round the top side I in. 
[ 48 ]. The top side is to be fulled on for knee- 
band. The pocket opwings are about 5 in. 
down, from I and H. band should be 3 in. 
more than the actual size, and 1 in. wide when 
finished [ 48 ]. 


Trace the pattern off as in previous drafts, 
leaving an inlay on the outside seam ofd>aok 
part 4| in. up from the bottom. The inlay must 
be thread-marked. 

Making the KnicKera. These kmokers 
are made in exactly the same way as the others, 
with these exceptions: The outsiae seams are not 
stitched until the bands are on, and the inside 
leg seams hre only stitched up 4 in. from the 
bottom. 

The bottoms are prepared in the following 
manner : Take a piece of silesia 2 in. wide and 
4 in. long, fold through the centre, baste the 
silesia on the right side of cloth (raw edges 
together) from the nick to the bottom. Machine 
the edge, remove the basting, turn the silesia 
over ; baste, machine on the right side from 
the bottom to the nick< J in. from the edge. 
Take a piece of linen If in. wide and 41 in. long, 
turn the edges in | in., and the top 1 in. ; baste 
to the inlay of 
back part 1 in. 
above the nick, 
along both sides, 
and machine round 
the edges. 

Gather the bot- 
toms with strong 
waxed thread, 
draw in to the size 
of the band — in 
this case 10 in. — 
and shrink all the 
fulness out 
in this man- 
ner. Place 
the large end 
of a sleeve-board 
inside the bottom 
of knickers, with 
the gathers on top 
of board, and leg 
underneath ; place 
a wet rag over, and 
press with a hot iron 
until all the fulness 
is gone. 

Cut a strip of cloth 
2| in. wide, and 3 in. 
longer than the size 
required ; fold the 
band, make nicks 2 in. 50. drafting fob 
from end for the brjbbcubs 

tongue, and 1 in. from 
the other for the wrap. Place the band on 
the top of leg, right side, underneath, with the 
nick of tongue to the tumed-in edge ; baste 
fidong and nmohine f in. from the edge. Rmove 
the basting, turn we band over, lowing the 
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'Baste, 

^ ^ «#, to4 1 « 6 « on «io wrong 9 »de oyer 

a damp cloti. ., 

join the outside ^mxxSA aad press. Open the 

knickers i^ht side uppermost, and bar-tack the 

top oi opening*, then finish off, and put in the 

linings as described ior first knickers. 

Breeches, Side leg, 20 in. Inside leg, 

12 in. Seat, 30 in. Knee, 11 in. Smah, 10 in. 
Bottpm, 10^ in. [SO]. 

These are drafted on the same principle as 
previous knickers, with a few exceptions. 1 to 2 
is side leg to knee (20) ; 2 to 2‘, 4 in. ; X mid- 
way between 2 and 2‘. Square hnes out from 
2, X, and 2’^, also from B on seat-line to 
bottom. 

B line to 6, half the knee (5i) ; place this 
amount, 5^ in., on B line, and make dot 6 the full 
knee measure, plus IJ in. (12^). 

B line to 7, half the small of 
knee (5 in.) ; place this amount v 

on B line, and make 8 the full 
measure and IJ in. (Hi). B 
line to 9. half the bottom 
measure (5i) ; place this 
amount on B line, and make 
10 the full measure, 
plus li in. (12). 

Draw line from knee 
to C, slightly curve \ in. 
to the left of this fine, 
curve i in. to the left 
of B line at the bottom, 
and continue to D. 

Curve the outside seam 
from 9, through 7 and 5, 
to 1 in. to the right of 
A, and on to H and K ; 
and from 10, through 8, 

6, li in. to right of A, 
to I and J. Curve the 
bottom of knickers J in. 
above and below the 
leg line [50]. 

Tracing the Pat« 
tern. In tracing the 
pattern off take the 
fore part, trace along 

the bottom curved line, then from 9 through 7 
and 5 to K, along the top (from K to 4)^ waist- 
line (H to 3), through the broken line ^d 3, « 
to C, and to the bottom of knicker. Trace the 
back part along the upper curved line at the 
bottom, and from 10 through 8 and 6, to 1 and 
J ; from J to dot beyond G, on to D, and from 
D to bottom of knicker. Leave an inlay of I m. 
on the outside seam of back part. 

When cutting the cloth make rucks midway 
between knee and seaMine on both sides, as 
these must be put together when making, or 
they will twist when worn. 

Diagram 60 also shows position of buttons and 

^'wSAlng up the Brceche*. These are 
made like the banded knickers, with a icw 
exceptions, fhe stay for the 
of knee-opening should be 4 m. wide and 4^ m. 


DRB&g 

long, whilst the bottoms should be bound 
with best Prussian binding. Tliis binding is 
basted on the right side, being held rather tv^itly 
(the cloth must not he stretched). Htiteh, 
remove hasting, turn over, and fell on the wromi 
side. ^ 

Four buttonholes are worked on the fore part, 

I in. apart, the first one being \ in, from the 
tack. 

If the knickers are not lined throughout, they 
must have a curtain, or wing, placed under the 
waistband, which should \k' n in. deep at the 
hack, and 4 in, at the side ; llu* \>ottom tnlae 
must he turned in and stitched, llie centre 
caught to bock seam, and the sides {eWed to the 
pockets [51]. Face the forks wdth a little light 
lining. 

NorfolK JacKet. A Norfolk jacki‘t, 
to wear with the breeches already given, can be 
made with or without a step collar. 

If the latter, it is simply turned in 
t:'. round the neck, ana the lining 
felled to the cloth. Patch pockets 
are usually put on Norfolk 
jackets ; tliese call for no ex- 
planation, as they are so simple, 
out care must be taken not to 
put them on too tightly 
[62]. 

The pleats arc made 
in this way. ITae cloth 
must be cut double the 
width they are required 
to be when finished — 
in this cose it is 4 in. 
for a 2 in. pleat. The 
two edges must lie 
serged together (the 
cotton should not be 
drawn too tightly, or a 
hard ridge will result), 
then press the pleat on 
the wrong side with the 
scam in the centre. 

BasU' to the right side 
of coat, rather “ easy,” 
from the shoulder to the 
bottom [for position see 
52]. Turn the coat 
over, and sew the pleat to the coat i in. on 
either £ide of the eeam ledore. the lining goee 
in. It has one pleat down tlie centre of hack, 
made in the same manner. Iinish oil the 
coat as previously shown. 

The Belt. We are now ready lor ttu 
belt. Take a strip of linen canvas 2 in. wide 
and 3 in. more than waist measure. 
end for the ’buttonhole. Cut the cloth 3 in. 
wide and i in. longer than the canvas ; b^tc 
the cloth to the canvas, leaving i m. 
end. Serge the cloth to the canvas without 
letting the stitches show through, as they 

”tuto' the cloth in neatly and rather easy at 
the pointed end, and face 
of lining to match the coat, Wo;-lc ‘*>6 button- 
hole on the pointed end, and sow two buttons, 
1 in. apart, on the other. 
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61. breech E.S 
COMPLETED 



The belt can either be etitched to the oentre- 
back and side seama* or bope made of the cloth 
can be aewn to the side seams, and the belt 



The Trouser System. Waist, 29 in. ; 
seat, 32 in. ; knee, 16 in. ; bottom, Ui in. ; 
aide length, 36} in. ; inside leg, 25 in. f-in. 
turnings arc allowed. 

The Drafting. Draw side length 1 to 2 
(36} in.) ; mark up to A, length of inside leg, 
25} in. ; this leaves 10 in. for ^ ^ 

what is called the rise of the 
body. Square a line from A > ^ \IS» ^ 

about 12 in. ; A to B, half of > \ 

seat, Sin. ; A to C, two- thirds ; i ' ' ' 

C to D, one-twelfth ; B to ^ I r i ^ 
B*, one-twelfth plus } in. t , 

Square line from B, raising ' 

the ruler } in. above A. If i 

this is omitted, the top of the J 

trousers will be too tiglit in { i i 

front waist. B to 3, half of 1 | 

seat, plus 1 in. ; 3 to 4, 2 in. 11 V i • 

Draw lines from 3 and 4 to H — lL^ 

side-line, then follow direc- 62. Norfolk 
tions for banded knickers for jacket 
the waist portion. 

2 to 6, half leg, plus 2 in. (15 in.) ; 2 to 4, 
1} in. Draw line from L, through F^, to I and 
J. Square a line from 5, and make 6 from 
inner point of 5 half knee-measure. L to M, 
half bottom, less } in. M to N, 1} in ; 6 to 7, 
1 in. Draw lines from M, through 6, to C, and 
from N, through 7, to I). Mark up J in. from 
bottom, midway between L and M, and curve 
from these points [58].. 

The front and back must be traced and out 
out in the same way as for knickers. 

Making the Trouaera. Material re- 
quired, 2} yards ; this will leave pieces for 
repairing. 

The making of trousers, as of any other 
garment, must be carefully done if they are 
to fit. 

Leave 1} in. up the back, to let out if required ; 
also li in. to turn up at l)ottom. Remember to 
put in the marks at knees, which must bo 
exactly opposite each other when the trousers 
are tacked. together. 

If they are to be lined cut the linings first, 
taking care to out them } in. larger at top and 
under-sides — as at C and D — to prevent splitting 
at those parts where there is most wear, because 
cloth made from wool is elastic, while cotton is 
not. 

Cut the fly to fit fronts, as shown on diagram 
for knickers. Put linen inside and silesia 
outside to match, canvas or linen, 2 in. wide, 
round the tops, and stays on the places where 
the buttons will be sewn. The fly must have 
special attention to make it fit well Baste a 
piece of linen round the fork, as shown in 
the diagram [from4 to B •* , 58]. This is to prevent 
the fly from tearing down at that part, where 
there is so much strain when putting on or 
working. The fly must also be faced up with 
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52 . NORFOLK 
JACKET 


silesia, and the button part must have double 
linen put on, close |o the seam, quite ** easy,** 
so as not to tie the front This most also 1^ 
faced with silesia. 

The PocKete, The pockets must have 
good stays at top, and be well secured top and 
bottom. This is very important. 

When the trousers are ready for machining 
care should be taken that the tension of the 
machine is set right — that is, the stitch locked 
in the middle — so that the stitch is the san^ on 
both sides ; if not, the seam will give way, and 
probably cause a good deal of trouble. 

When ready to press slide the leg on a duplex 
or double sleeve-board, and press well. Good 
trousers makers shape the legs to the form — 
that is, they shrink the legs in at shins, to 
form the calf ; also at the back of thighs,^ to 
form the round at that part ; the instep* is 
also shaped, as well as the heels. This pressing is 
done on a piece of cloth on a table, and a crease 
put up the fronts, where the shinbone is, to the 
lops [ 46 ]. If lined, proceed as for knickers. 
Boy's Overcoat. We have now to d?al wfiji 
the making of overcoats for boys between ten 
and fourteen years of age. 

Measurements. Neck. 14 in. ; back 
length, 15 in. ; length of coat, 33 in. or more, as 
desired. Back 6 in ; elbow, 17 — to wrist, 26 in. ; 
breast, 28 in. Working scale, half-breast, 14 in 
These measurements are taken over the under 


coat, allowing 2 in. more than breast measure- 
ment, and 1 in. on length of sleeve. Notice that 
the width of back and 
front shoulders is greater 
for boys than for girls. 

The Drafting. For 
the back, square a line 3 
in. from top of paper, and 
2 in. in from edge, and 
letter the corner A [M]. 

The drafting is much the 
same as that of the coat 
with step collar, with the 
following exceptions. B to 
C, one- third, plus ^ in. ; 
A to D, length of back, plus 
( IJ in, 5? in.) ; A to E, length 
required. Draw lines at 
right angles from B, C, D, 
and E. A**^ to A' , J in. ; 
C to C“, one-third of 
breast, plus 1} in. (this 
addition of an extra J in. 
in width and in length 
makes the back wider by I 
in., and longer from A to 
as required for boys. B 
to J measures the same. Square a line from 
J to bottom of coat ; make K. 

K to 1, one-fourth of breast (3} in.). Draw 
shoulder- line slightly curved from J to A'’, and 
A** to A. JtoJ*", IJ to 2 in., according to style — 
this is the back pitch for sleeve. C* to I, one- 
twelfth (IJ in.) of breast ; I to I‘, J in., ^aw a 
line from 1 to I**. A slit can be left in back if 
desired, when about 4 in. should be left below 
the natural waist -line, and an extra piece to 



DRAFTING FOR 
TROUSERS 
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DRAFTINQ FOR 
OVERCOAT 


^an in for fsoiiig and going tinder, to prevent 
.tbe back from ^ping open. In this ease, a 
.aeam is required in oentre^baok. 

TIm Front Drafting, C to F, two- 
tiiirds of bfeaat(l(^ in.) ; F to F*^, one-fourth of 
breast (3| in.) ; F^ 
is midway between 
F and F^ ; to 
X, I in.; C to G, 
half breast, plus ^ 
in. «The half inch 
is lost, so to speak, 
by the curving in at 
top of side, where 
the arm joins the 
back. Square line 
from waist through 
G ; make L on neck- 
line ; G to H 3 J in. 
more than size — 
this quantity will 
give a nice lap-over 
for ease. H* 3 in. 
from line G. Draw 
line from H* 
through H to bot- 
tom of garment, 
add 1 m., and 

make dot 2; then connect with 1 [ 64 ]. 

For the drafting of collar, follow directions for 
step collar, with the exception that curve is 
not raised J in. Draw the neck, shoulder, and 
armhole curves as in previous draftings. Draw 
a line from K to I, and on to J, for side-seam of 
hack. 

Drafting the Pochets, From G line 
on waist to 4, 4 in. ; draw a line in a slanting 
Erection [ 64 ] 1 in. above and 5 in. below 4, for 
opening ; the welt is 1 in. to the left of opening. 
Tne pocket proper is 12 in. long, 6 in. wide at the 
bottom, and shaped as in the same diagram, 
and should go IJ in. above the opening. 

A breast pocket is now inserted in the lining of 
the left fore part, not outside, as formerly [for 
position, see M]. 

The Sleeves. The sleeves are drafted as 
has been previously shown, except that the 
bottoms should be 1 in. wider, and an extra 
J in. added to the elbow. 

Directions for collar have already been dealt 
with, but for an overcoat the fall should be 
about 2 in., and the step about 1 ^ in. 

For position of fly, diagram 64 should be 
referred to. It should extend 15 in. below H, 
and be 2 in. wide. 

Material and lining required are about 2 yds. 
of 64-in. cloth, and | yd. of sleeve-lining, 1 yd. 
of canvas, J yd. best black linen. It. is advisable 
to get canvas that has been shrunk. 

Vertical Welted PocKet. The linen 
stay must first be put on the thread-marks of 
opening on the wrong side, as previously shown. 
Ae back of pocket must have a facing of cloth 
2 in. wide, and J in. loimer than the openiM. 
Place tto on the right side of coat, wrong side 
uppermost, close to the thread-marks of opening, 
and ^ in. above and below the o^ing. 

Place the pocket lining on the facing, 1^ in. 


above the opening, baste to the coat, and stitch 
along the cage. stitch the other part of 

pocket lining and linen stay to the top of welt, as 
for vest pockets. . 

Baste a linen stay to the centre of welt ; cut 
the pocket-opening to within J in., making 
slanting notches on both sides of either end, to 
allow the pocket to go through easily. Stitch 
the edge of facing to the pocket lining, put the 
hnings through the opening, machine the edge 
of welt, and agatin in. below, and proceed with 
the welt as in vest. Then baste the pocket 
round, taking in the linen stays, and stitch. Be 
sure and well secure the ends of pockets to the 
canvas after it has been inserted, and place tho 
linen ata.yB from ^ckets to armholes, os in 
previous lessons. This is most important for an 
overcoat. 

Inside Breast Pocket. We must now 

f iroceed with the inside breast pocket. Tho 
ining and facing of loft fore part must be care- 
fully fitted, and the pocket-opening thread- 
marked before the pocket is inserted. If tho 
lining is of Italian, the pocket must be jotted, 
or piped, with the same ; if of cloth, it must 
be jetted with cloth. 

First place the linen stay on the wrong side. 
08 previously shown. Take two strips of Italian, 
IJ in. wide and I in. longer than the opening ; 
fold each piece through the centre ; place one 
above and one below tho pocket-opening, with 
the folds close to tho thread-marks, and a 
seam beyond at either end. Baste to tho cloth, 
and stitch J in. above and below tho thread- 
marks ; remove the' basting, cut tho opening 
to within i in., slightly notch each end, fold tho 
Italian back to the wrong side of facing, and 
baste tho edge above and below tho opening, 
pressing the cloth down so that the Italian cloth 
will Bhow.y*ft in. above and below. 

Take two pieces of lining for the pocket, 2 in. 
wider than the opening and 7 to 8 in. long ; 



66. COLLAR AND FALL READY FOR FACING 


face the top of back part with a strip of Italian 
2 in. wide. Baste together ; turn in the lower 
edge of facing, and stitch to lining ; turn the 
coat-facing over, wrong aide uppermost. Place 
the front of- pocket-lining over the opening with 
the lower e^e away from the worker ; baste 
the other edge J in. below the pocket-opening ; 
turn the fore part over with tne linii^ in the 
same position ; machine the edge in. below 
the seam ; and crease the pocket-lining back 
in its proper position. 

Now place the back of pocket on the wrong 
side of coat-facing, 1 in. above the opening, 
with the pocket-facing un^raeath ; baste, 
turn the fore part over, and stitch edge 
from the seam. Remove the basting, draw the 
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adget of the poolket-openiiig together with a few 
etitches, to keep it cloeea until the pocket is 
finished ; press the comers back with a needle, 
and finish the pocket, not forgett^ the bar 
tacks at the enos of opening, as it is most im- 
portant that these should be well secured. 

The sleeves and collar are made and put on as 
already shown [56 A and BJ. 

Mailing an Overcoat, The fore parts 
of the coat must have extra canvas from the 
shoulders extending to the bottom of armholes. 
The linine and facing should be well padded 
with wadmng — as from F to I* [54], whore there 
is a slight sinking in — which is stitched to the 
lining [56]. The armholes should have a linen 
stay extending from shoulder to 2 in. beyond 
side seams. It must be held a little tightly round 
the back of armhole and put on before the 
sleeve is insertod ; the latter, after being 
inserted, should liave a small roll of wadding 
about 5 in. long, and J in. wide (before l>eing 
rolled) tacked on the top of sleeve on the inside 
before the lining is felled in place. 

The Fly. We have now to consider 
the fly. We may assume 
prepared, with the sta^s, 
canvas, and lapel padded, 
as previously shown. Tak(3 
the left fore part, place it on 
the table, right side upper- 
most ; take a piece bf 
Italian 2 in. wide, place 
this on the fore part, wrong 
side uppermost, 1 in. above 
and below the opening, 
which must be notched a 
seam top and bottom. 

Baste and stitch from notch 
to notch ; remove the bast- 
ing, turn in the Italian, 
baste tho edge on the inside 
of coat, working the cloth 
in in. Turn tho fore 
part over, stitch from notch to notch close to 
the edge and also I in. in ; fit the facing to the 
fore part, leaving it rather full at the lapel. 
Then notch the facing at the top and bottom 
of opening. 


fronts are 
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67. PLY OF LEFT 
PORE PART 


Remove the fao^ from the coal, place it 
on the table, right sicto uppermost^ with me neck 
to the left ; place a strip of Italian on the ^ 
opening, and on this a double strip of linen 
2| in. wide when folded. 
Baste the edges together, 
stitch and remove the 
basting ; turn the linen 
and Italian over and baste 
the edge 1 in. in, working 
the cloth in } in., and 
stitch f in. in from edge. 

Now replace facing, with 
the right side facing that 
of fore part, and baste 
together. 

The lapel portion of 
{,»-:^ing should be left quite 
“easy” from H to 1 in. 
below this to allow for 
turning over without 
tightening it. and thus allowing it to set quite 
flat [54]. 

Machine -stitch lapel, as in boy’s coat with 
step collar, to H. Remove the basting, press 
the scrams, and trim them neatly. Turn the 
facing over ; treat the lapel as in former lesson, 
baste the fly in position, and machine 2 in. 
away from the edge on the right side, but not 
through facing, rounding the bottom of fly, as 
in drafting [56 and 67]. 

A row of stitching should now be machined 
down each front, round lapel and collar, and 
again { in. in from edge. 

Space and work the buttonholes. The first 
should be 1 in. from the end of lapel at H. 
They should be 4J in. apart, and i in. from edge. 

Secure the fly to the coat at the top and 
bottom with invisible stitches, also between 
each buttonhole. 

The right fore part is treated in the way 
already shown. The buttons are put on 3 in. 
from the edge of coat, on which an extra strip 
of canvas, 2 in. wide, should be placed. The 
centre of the canvas should be placed where 
the buttons are to be sewn on. 

The coat can then be finished off and pressed. 


Continued 
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By M. KENNEDY-FRASER 


LJAVING become familiar with the scales, 
* ^ taking each band separately, we must take 
them next with the hands togetner in contrary 
motion, thus : 



, Passing under Thumb. In learning to 
play the scale the reverse way^^ ascending with 
right hand and descending with left, begin by 
passing the thumb along under the fingers as 
soon as it is free to leave its key, and so nave it 
“ prepared ” over the fourth note of the scale. 
In placing it on 
F, and the fore- 
finger on G, there 
may be a slight — 
a very slight — 
double lateral movement of the wrist. But this 
must be so very slight as not to disturb the general 
impression of the hand continuing to lie obliquely 
across the keys. In scale playing there is no 
stretching of the fingers ; slight lateral move- 
ments of the wrist and a steady lateral move- 
ment of the arm bring the fingers over the keys. 
But in piano playing, nevertheless, stretches of 
the fingers and hand are sometimes necessary. 
Here, again, the muscular conditions must, as 
far as possible, be those of ease — freedom from 
restraint. 



Stretching the Hand. For octaves and 
tenths, etc., we must let the stretching be 
gradual and gentle, and so achieve it without 
rigidity, and be able to retain elasticity of touch. 
Gentle exercises away from the piano, practising 
alternate out-stretching of all the fingers, and 
gentle but complete reclosure of the fist, is good 
for this and for the general health of the finger 
and hand muscles. All kinds of easy though 
full-sweeping gymnastics of the hand and arm 
are indeed good for the pianist, provided always 
there is no rigidity. 

The general principles of all such gymnastics 
" are these : To use fully one set of muscles, and 
to follow that up by immediately using the 
opposite set, taking care, however, never to use 
the two opposing set of muscles simultaneously. 
Stretch out the arms and then refold them, 
stretching them at all kinds of different angles 
and altitudes in their relation to the body ; let all 
the motions be full — go m far as may be in either 
direction, but always gendy. Remember to use 


such gymnastics never immedicUelu before, 

plying. 

Octave playing brings us to hand movement — 
f.f., playing without any movement of the fingers 
relatively to the hand, but with movement of 
the whole hand instead, relatively to the fore- 
arm. 

Playing with Hand Movement. This 
was, till recently, termed “wrist action.” This 
downward movement of hand at knuckle end 
— hand touch — “need not exceed the distance 
from key-surface to key-bottom” ; but if, as in 
the case of finger movement, we play (in slow 
time) with a preliminary lifting of the hand, this 
must l)e followed by its falling on the keys, thus 
relaxing the up muscles and making key -contact 
without any hitting. In the latter casts we must 
be careful never to think the lifting of the hand, 
but always to “ think key-movement ” instead. 
For if we attend to this upward movement of the 
hand, which is not essential to tone produc- 
tion, but is merely a form of muscular gymnas- 
tics for the freeing of the muscle^s, wo may 
overlook the esseyiiiaU that feeling of the 
resistance of the keys l)eforo and as we 
move them into sound, which is the only way 
of making sure that we get what we want 
from them. 

Our attention must always bo given to th(3 
making of sound “by using our sense of key- 
resistance, and by listening for the beginning of 
the sound.” In playing 
repeated notes thus : z: 
we must l»ear in mind *T 
that the sound is reached 
before the bottom of the key-bed is reached, and 
that in good pianos with repetition action it is 
even not necessary in very soft passages to lot 
the key rise to its highest ievel between the 
repetitions, and that these, tlierefore, can be 
performed with a very slight up and down 
swaying of the key. 

Position of Fingers and Wrist in 
Hand ■ touch. Now note in connection 
with hand-touch, or so-called wrist-touch, 
that : (a) “ The fingers do not move relatively 
to the hand. Fingers should not move during 
key descent, except in finger-touch. (b) The 
normal height of wrist is about level with 
knuckles or slightly lower. This may va^, 
but rapid octaves are found, as a rule, easier 
with the wrist-level slightly higher than the 
normal, (c) The wrist must alternately rise 
and fall, slightly, when a passage requires the 
thumb on alternate black and white keys ; 
wrist lower for black than for white keys, move- 
ment not greater than will suffice to keen elbow 
quiet. ’ * (mtthay . ] 
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Arpeiilo Ptairifig. Arpeggio playing now 
calls for attention. Arpem are uie notes of onords 
played in succession; tn^ in the chord of C: 



II.H 


and in extended arpeggio passages the thumb, as 
in scales, passes, and is passed by, the fingers. 
The hand, in such passages, must lie still more 
obliquely to the keys tnan in scale playing. 
Extendi arpeggi, in short, are just big-striding 
scales, and the scale habits here call for slight 
exaggeration. “ The arpeggio,” says Matthay, 

in addition to the normally outwardly -tumed 
position of wrist (as in the scale), requires slight 
lateral movements of the hand and wrist to 
enhance the lateral stretch of the thumb and 
fingers.” 

Well oil your wrist, so to speak, by omitting 
all contrary exertions, and gently rest on the 
connecting note. Preserve the oblique line of 
hand to keys oven to the extreme ends of key- 
l>oard, following the hand up with a lateral 
movement of the arm. 

The oblique position of hands for single -note 
scales and arpeggi is, as we have seen, one that 
causes a slight turning in of the hands towards 
the body. 

Double - note Passages. For double- 
note passages, on the other hand, it takes 
the form of (o), from the 
centre of keyboard out- 
wards, and this other form {h) 
from extremes of keyboard ' 
towards the centre. In short, in such passages 
the hand is turned in the direction the scale is 
travelling. All such laterally 
inodihed positions of the hand 
must be assumed and retained ^ 
with the greatest possible ^ ^ ^ ^ 

ease — i.e., without any stiffness induced by the 
interference of the contrary muscles. In pla\ - 
ing double-note passages legato^ the connection 
can only be maintained at* the cross-over junc- 
tion by one of the two notes. Realise this, and 
rest gently on this one note with fifth finger or 
thumb while taking up the now position for 
the next two. And remember to leave the 
fifth finger bendable, as learned in the Daily 
Test. 

The Three Movements. We have 
spoken of finger -moveme?t< (the only movement 
available for a real legato), hand - movement, 
used for rapid double-octavo and sixth passages, 
etc. Besides these we also require arm-move- 
ment, the movement we use to carry the hand 
and fingers to the keyboard at the beginning 
and end of phrases, and also for slow successions 
of chords and single notes. In approaching 
the keyboard, let the arm gently fall of its own 
weight, but not necessarily of its whole weight. 
Single detached notes are mostly played by the 
arm. 

So-called “ portamento” passages, indicated 
by a combined use of the staccato dot and 
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the bgato slur, Uwa winch we $ad 

frequently in Chopin's music, lor instance, and 
which are really a duratiem emphasis, are 
played invariably by arm-weight and frequently 
by arm -movement. 

Muscular Combinations. We have 
seen that the weight of the arm and the 
exertion of finger or hand, or both, are the 
muscular agencies we use against the key to 
move it. These are our artist's colours — our 
palette. From these, and from combina^ons 
of these, we get all our effects. Thus, if in 
finger-movement we eliminate both arm -weight 
and hand -exertion, we get light, prestissimo 
passage playing. If we add hand to finger 
exertion, during finger - movement, we get a 
more robust tone and less speed. If we add 
arm- weight to finger and hand exertion, during 
finger-movement, we get any range of tone the 
instrument can yield, but no more than a 
limited degree of speed. The same thing applies 
to hand-movement. With it, when we wish 
speed rather than t-one amount, we eliminate 
arm-weight, and so on. Such combinations de 
not affect agility and tone amount only ; they 
must also be most carefully chosen, that wc 
may obtain the desired tone qualities. When 
muscular exertion takes the lead and calls on 
arm -weight to follow, the tone is bright and 
rousing. 

Weight Touch. When arm -weight, on 
the other hand, lazily tends to fall, and is, as 
it were, tardily conveyed to the keys by the 
mu.scular exertion, then the tone, thus more 
gradually induced, has a character which 
betrays its origin and affects us with its inherent 
quality, persuasive, insinuating, stealing upon 
one's senses unawares. If we want to soothe 
our audiences with a nocturne, we can only do 
so by relaxing our own arm -muscles and using 
just as much exertion of finger and hand as will 
convoy the impetus of this tone-inducing 
weight to the hammer and to the string through 
the keys ; and the bent and flat finger attitudes 
respectively help greatly to increase this differ- 
ence in quality. The manner of tone production 
just described, Matthay has termed weight 
touch, to distinguish it from all other kinds 
which are started by muscular exertion. These 
muscular combinations are the most important 
of all the Matthay teachings, further details 
of which may be found in his own works. 

Bent and Flat Finger Staccato. 

These different qualities of tone are equally 
available in staccato and in legato. When the 
“ bent ” and ‘‘ flat ” finger attitudes are em- 
ployed for stckccato, they show two different 
kinds of rebounding. The “ bent ” movement 
of the finger rebounds to the position it held 
before key -movement. The “ flat ” continues 
in the direction in which it is going, as though 
very quickly sliding a threepenny -piece from 
the keys. 

Arm Position. We have spoken of 
the normal attitude and varying ^sition 
of Angers and hands and wrists, viliat is 
the normal position of the arm ? A rather 



ootfritxetbhed one, sot a, right, bat rather 
an obtuBe an^. Not thus, j , but rather 

^UB, The forearm should either be 

level from elbow to wrist or else dropping a 
little towards elbow, thus : 

The elbow should hang quite ^ree from the 
body and travel freely outwards (sideways) 
uhen a passage moves to the keyboard 
extremes. 

Dd not sit too near the instrument. Si t so that 
the arm at the elbow “is sufficiently forward of 
the body/’ and get this 
either as in diagram (a) or 
(6). If bending slightly 
forward, support the 
body well by the waist- 
muscles at your back, 
and in any case breathe 
fully and deeply. 

Mastery of Keyboard. We have treated 
of the several laterally modified positions of the 
hand that must be assumed and retained with 
the greatest possible ease. Now, it is evident, 
as music is not made up of continuous series 
of scales or arpe^o, or five-finger position 
groups or repeatea notes, or of octaves or of 
chords, but of endlessly varied combinations of 
such, that the hand must be continually varying 
its position laterally to the keyboard and to 
the forearm, and that an “oily” adaptability 
in this respect is indispensable for successful 
keyboard manipulation. And ihrott^h all these 
dianges the hand must lie on the keyboard, hanging 
from your forearm, and the fingers must thus 
rest on the keys. When we have tested for 
right muscular conditions, we must forget 
ourselves and our muscles, and give all our 
attention to the instrument and the music we 
wish to draw from it. 

Technical Material. The material for 
the study of all these forms of mental muscular 
instrumental expertness may be found in any 
piece we practise, all the difficult passages being 
extracted and used as the stuff of such technics. 
But ample specialised material is to be found 
also in Schmitt’s “Five Finger Exercises,” 
Bernier’s “ Daily Practice,” Camille Stamaty’s 
“Le Rhythm des Doigts,” Germer’s “Technics,” 
Czerny’s “Virtuosen Schule,” and the like, to 
which the student may refer if he will. We must 
never begin the muscular practice of such things 
until the mind has mastered the material, its 
musical shape, and keyboard contour. Theo- 
retical study, the study of harmony, of chords, 
passing notes, of form, etc., are necessary for 
this, as without such study the mind has to 
burden itself with too much detail. 

But besides such scrappy technics as have been 
alluded to, it is well to work at some larger forms, 
so-called Studies, in which the constant repetition 
of some technical difficulty given in a particular 
figure is made pleasing and musical by the form 
in wMch it is present^ Such are helpful in the 
matter of endurance. For the study of finger 
fadlity, nothing better, probably, wiU ever be 
written than Czerny’s Etudes, which are calcu- 
lated to prevent the formation of such bad 
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habits, such hindranoes to good results of any 
kind, as hey-hed squeezing and the use of down- 
arm force As agility passages can only be 
pla 3 red successfully when there is no “ jamming ” 
of the key upon the bottom of the key-bed, such 
studies, properly practised, and the study of 
staccato, form the best tests and preveutatives 
against such harmful and unnecessary attempts 
to push the piano through the floor. 

In Czemy we find an abundance of delightful 
running passages with staccato single notes or 
chord accompaniments, and with every now and 
then detached ff chords on w hich to try the 
full weight of our suddenly released arm. For, 
of course, during all these dainty running 
passages we have been supporting the weight of 
the arms with their own “up ” muscles ; and not 
only is it delightful now and then to be allowed 
to relax thus for a moment, but it is essential for 
us as artists to understand and swiftly bring 
about such successions of totally opposite 
muscular conditions as produce such totally 
opposite instrumental results. Light agility pas- 
sages also, needless to say. strengthen the arms, 
since they give them so much work in keeping 
their own weight off the keyboard. Czerny’s 
“ Velocity Studies,” “ Staccato and Ivcgato,” and 
“ Fingcr-fertigkeit ” can be recommended. 

Fingering. And now os to fingering. This 
must be derived not merely from the contiguity 
of the notes, but also and chiefly from the mean- 
ing of the music~its phrasing. Still, there are 
general niles of fingering which we must make 
into habits — rules which are broken whenever 
the phrasing demands it. These rules are : 

(i) (Contiguous fingers on contiguous ivories. 

(ii) When ebonies are mixed with ivories it is 
easier, as a rule, and therefore advisable, to leave 
the black keys to the four fingers, an 1 to use 
thumb On white keys by prefcrcnc !. Many 
modem advanced players, for the mke oj 
practice, take all the five-finger exercises and 
scales in all keys with the same fingering, using 
thumb on black keys and white alike. (iii) 
Groups larger than five contiguous keys are 
reached in different ways, thus : {a) by exten- 
sion, (6) by contraction. Or (iv) we get along 
the keyboard by connecting such fingering 
group units by passing the thumb under fingers 
or fingers over thumb. The thumb, which was 
in former times entirely neglected, is used as a 
pivot for fresh finger-groups, and connects them 
by passing under the other four fingers, or letting 
them swing over it as it gently rests on its key. 
We shall notice now that all scales consist of 
two such united finger-groups, these two sufficing 
for each octave. 

Scale Fingering. Normal scale fingering 
we have already leamt. All the major scales 
with sharps are fingered like the scale of CJ, 
with the exception of those scales that make use 
of aU five black keys ; the latter are B, FJf and 
Cf. These “ all-black ” keys make use of only 
two white keys. The thumb is used twice in 
each octave — we must use it on the two white 
l^eys — and this settles for us the position of the 
two finger-groups. The black keys are grouped 
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in II and III Be pre^ued to UBe over them 
either two fingere or three, thus 1 1 || I* 

The flat scales in right hand are fingered wiA 
thumbs falling always on the white Oa and F’s. 
In the left hand the fingering of flat scales is 
easy. Till ^ou reach the all- mack key they 
aU begin with the middle fini^r, and turn the 
fourth finger over the thumb to the new flat 
(the flat just added for this particular scale). 
The old-fashioned fingering of F left hand 
was 5 4 3 2 1 3 2 1, but it is now permitted to 
finger this regularly — i.r., like the other flat 
scales, thus : 3 2 1 4 3 2 1. 

The tonic minors of sharp scales are fingered 
like the majors, with the following exceptions : 
In the right hand Fjj and CJf minor harmonic 
and melodic ; in the left hand A minor melodic 
and E!? minor harmonic and melodic. The finger- 
ing of these is given below. 

General Principles of Scale Finger- 
ing. The only way really to grasp the 


general principles of scale fingering is to notioe 
that (a) there are seven notes to the scale and 
that we have four available fingers, the fifth 
being used only at a terminal or at a return^ 
point ; {b) that we cover the sevra notes with 
these two finger groups 12 3 4 12 3 — that the 

fourth is used only once in each octave,, except 
when used as a terminal finger, thus : 



and (c) that the arrangement of these finger- 
groups (the notes on which these two groups 
shall be placed) depends primarily on our habit 
of using the thumb on the ivories rather than on 
the ebonies, and arranging the “ turn over ” of 
the fingers over the thumb to occur to a black 
key. 

Continued 
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By Professor J. R. AINSWORTH DAVIS 


IN the earlier part of the Tertiary epoch [hoc 
^ Geology] extensive tracts of marshy ground 
covered considerable areas in the land- masses 
occupying the northern hemisphere, and here 
dwelt a large numl^er of primitive mammals, 
the ancestors of forms wnich are now more 
highly specialised. These creatures were not of 
large size, and they lived for the most part on 
vegetable matter, which they chewed up with 
their relatively numerous (44 in all) and com- 
paratively simple teeth, the crowns of the 
rather small grinders being provided with 
crushing tubercles. There were five digits in 
each extremity, and locomotion was effected in 
a plantigrade manner — i.e., on the palms of the 
hands and the soles of the feet. 

Adaptation of Mammals to Natural 
Surroundings. The swamps just described 
were to a large extent sujierseded as time went 
on by extensive plains, covered with grass and 
other forms of vegetation. These altered con- 
ditions led to the evolution from the primitive 
swamp - dwellers of Hoofed Mammals { Un - 
gulala) and related forms, suited for com- 
paratively rapid progression on the plains, and 
adapted to feed on their abundant vegetation, 
which was drier, and therefore more difficult 
to chew and digest than the succulent plants of 
the marshes and damp forests. 

That the hoofed mammals should become 
more speedy than their ancestors is intelligible 
when we remember that the Flesh -eafers 
{Carnivora) began to evolv-e from the same 
stock at the same time. The struggle for 
existence is, and has always been, so keen that 
no sources of food-supply remain neglected, 
and while some forms have turned their atttm- 
tion to plants, other forms have preyed upon 
the plant-eaters. The mechanisms concerned 
with rapid progression are dealt with later. 
It will be well to remember that hoofed mam- 
mals include odd-toed forms (tapir, rhinoceros, 
horse), and even-toed forms (pig, hippopotamus, 
ruminants), while elephants ana sea-cows 
constitute two related orders. Gnawers {Ho- 
dentia). Monkeys and Men (Primates), some 
Mammals Poor in Teeth (EderUcUa), and some 
Pouched Mammals (Marsupialia) also demand 
attention. 

Let us take first the odd- toed hoofed mam- 
mals. The tapirs, which sujwrficiaUy resemble 
pigs, are a somewhat primitive waning poup, 
now only found in the Malay region and parts 
of South and Central America. They still 
largely adhere to the old swamp life, but are to 
some extent specialised, their snouts being ^awn 
out into a short pl-oboscis, and their grinding 
teeth ridged, an improvement upon projecting 
tubercles. 
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The Horn’s Twofold Use. The rhino- 
ceroses [288, pap 1490] of Africa and South 
Asia are a step in advance of the tapir.s. their 
teeth being more or les.s ndueed m niimlier, 
and the crow'ns of the large gvinch rs having 
a more complex set of ridges, converting them 
into a very efficient masticatory apparatus 
One or two horns— in the latter (‘ase one 
behind the other — are borne on the snout, and 
are said to bc^ used for grubbing up vegetable 
food. Their largi* size, enormous stn'iigth, 
formidable horns, and thick skins, also render 
these creatures practically immiiiu* from tln^ 
attacks of the flesh-eaters. 

Horses, asses, zebras, and quaggas are 
remarkable for their speed (the ass must not la^ 
judged in this respect from the familiar “ moke ” ) 
and gregarious habits, w^hieh go far to protect 
them from enemies. Their tocth show increased 
complication, the grinders possessing elabor- 
ately ridged crowms. and, being composed of 
three materials of different degrees of hardness, 
always keeping rough —a great point when 
somewhat dry vegetable food has to bo cluwed. 
Canine teeth are practically absent, though 
often feebly represented in the stallion, and the 
front teeth (incisors) are provided with deep 
pits, which get filled up with masticated fooef, 
resulting in a black mark ” on the crown, 
which is a practical guide to age. 

The Large Family of Pigs. Considi r 
now^ the oven-toed hoofed mammals. Tho 
w idely - distributed swine — r<*presented in 
America by the peccaries — are, in some 
respects, tno most primitive membiTS of 
their order, as shown by their fondness for 
marshy ground (even the domesticaU^d form 
“ wallows in the mire ”), their full number of 
teeth, and the tubercles on the crowns of tlu» 
grinders. They are of omnivorous habits. 

The well-known hippopotamus [284] of Afric/v 
(there is also a small H[)eci(js in Lil>eria) is 
practically a huge pig, which spends most of 
its time in rivers, and is a vegetarian pure and 
simple. But its dentition is somewhat special- 
ised. Tlie pig is familiarly associateci with 
Ireland, as being the “ gintleman tliat pays 
the rint,” and it is interesting to observe that 
the ridges on a worn grinder of the hippopotamus 
are arranged in a sort of double -shamrock 
pattern. 

Chewing the Cud. Ruminants (Cud- 
chewers), a group of the even-toed hoofed 
mammals, include deer, oxen, sheep, goats, 
antelopes, giraffes [285], and camels, with their 
allies. Rumination, or “ chew ing the cud.” is 
a somewhat peculiar digestive proci^ss, which 
in effect means the power of swallow'ing a hasty 
^meal, retiring to a place of safety, and then 
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Inringing biMsk ihe said tnesl in soocsMiTe 
portions ('* boluses **) to the mouth, to be 
carefully chewed, swallowed, and digested. 
This arrangement is associated with a compK- 
cated four-chambered stomach [2^{ (portions of 
which are familiar to eaters of “ tripe ”), 
consisting of (a) the paunch (rwinen), (fe) honey- 
comb stomach {reticulum)^ (c) manyplies {ama- 
0 um), and (d) reed (ahomaimm). The food is 
first hastily cropped, without chewing, and 
passes into the paunch, from which it goes into 
the honeycomb stomach. Here it is made up 
into rounded boluses, and returned into the 
mouth. After careful chewing, it is once 
more swallowed, and now enters the manyplies, 
which has numerous leaf- like folds, and serves as 
a strainer. Thence it passes to the reed, where 
it is subjected to the chemical action of the 
gastric juice, and ultimately reaches the in- 
testine, there to bo further digested and 
absorbed. 

In all ruminants, except camels, and the re- 
lated llamas and alpacas of South America, 
the upper teeth (including the canines) have 
disappeared. In the ox, for example the 

lower front teeth bite against a horny pad 
on the upper jaw, and it may be added that the 
grinders possess flat crowns with a fairly com- 
plex arrangement of ridges, making them 
efficient millstones. 

Dlstinctiwe Features of the Elephant. 

Elephants {Proboscidea) which inhabit Africa 
and South Asia are well defended herbivores, 
that are in some respects primitive in structure, 
though their teeth and trunk are remarkably 
specialised [386]. There are no front teeth. 



242. STOMACH OF AN OX (OUt OpCU) 
Couroe of food shown by arrows 


except two upper incisors, which are elon- 

S ated into formidable tusks, serviceable as 
efen^ive weapons, and also employed for 
grubbing up succulent roots. The huge and 
complicated gr'nders succeed one another from 
behind forwards, instead- of from below up- 
wards, as in other cases. In an adult animal, 
only four of them are in place at the same time. 
The crowns of these great teeth possess a series 
of lozeuge-ahaped ridges in the African elephant, 
and more numerous narrow transverse ridges 
in his Indian cousin. 

The trunk of an elephant, which is no more 
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than a noae drawn out into a complex axA 
delicate manipulatory organ, largely oompen- 
sates for huge hulk and strong juUar-like legs, 
which serve simply as organs of support. By 
its means tree-branches on the one hand, and 
herbage on the other, are easily secured as food. 

*Sea-C0W8 (iLS'»Veawt)arerelat^ to the elephant 
order. The dugong and manatee, mentioned 
already in this course, are probably to be re- 
garded as an ancient offshoot from the ungulate 
stock, which have become adapted to a vege- 
tarian aquatic life, have lost their hind^imbs, 
and simiHified their teeth. A gigantic toothless 
member of the order {Rhytina) formerly lived 
on the islands of the Behring Sea, and only 
became extinct, Uirough the agency of man, 
in the eighteenth century. In certain fossil 
forms the remains of the hind limbs are better 
developed than in existing ty^. 

Specialised Teeth of Gnawers* The 
large order of Gnawers {RoderUiii) consists 
of mostly small and comparatively simply 
organised mammals, found in nearly all parts 
of the world, though their headquarters ar^ in 
South America. Forms familiar in Britain are 
rabbit, hare, squirrel, rat, and mouse. Taking 
the rabbit [244] as a type, we shall find two 
chisel-edged incisors above and below, no 
canines, and a number of prismatic grinding- 
teeth with transversely ridged crowns. All of 
them grow continuously throughout life. The 
incisors remain sharp because they are thickly 
coated in front with relatively hard enamel, the 
rest of them being mostly made up of dentine 
or ivory, which is not so hard. Hence they wear 
unequally, and maintain a sharp edge. As the 
teeth are constantly growing, constant gnawing 
is necessary to keep ^em worn down, and if an 
unfortunate animal happens to lose an incisor, 
the one which normally should bite against it 
grows to an inordinate length, and ultimately 
causes the death of its unfortunate j>os8essor. 

Tree»dwellera, Squirrels are interesting 
because they have become adapted to an 
arboreal life. Their long bushy tails serve 
as balancing organs. The water-rat and its 
smaller relatives (voles) possess comparatively 
complex grinding-teeth. Rats and mice are 
distinguished by their omnivorous habits, and 
are to be found in almost all parts of the 
world. Of non-British members of the order, 
beavers, porcupines, capybaras, and chin- 
chillas may be mentioned. Beavers, as is 
well known, are able to fell trees with their 
gnawing front teeth, and in this way are able 
to construct dams across rivers, on the upper 
side of which they construct rounded “ lodges,” 
sunk beneath the surface and entered by an 
opening that has to be reached by diving. 

The ground porcupines of the Old World, and 
the climbing porcupines of the New, possess 
defensive quiln which serve as an effectual 
protection against most enemies, and are in 
reedlty modified hairs of large size. The capy- 
bara, a native of South Amerio^ is the largest 
existing rodent, being about as big as a medium- 
sized pig. Its molars are complicated, 

and it is of aquatic habit ue little clunchillas 



of the high Andes are noted for the soft fur 
which they yield. 

MonKeyn. Arboreal forms are Monkeys 
{Prifnate8)y native to the warmer parts of both 
hemispheres, and of predominatingly vegetarian 
habit, though some of them (and man) are 
omnivorous. As compared with more typical 
mammals, the teeth are somewhat reduced in 
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number (32 in all), and the orowns of the 
grinders are tubercubited. In some of the leaf- 
eating monkeys the stomach is of complicated 
nature, as this kind of food is rather difficult 
to digest 

Mammals Poor in Teeth. An ancient 
order are Mammals Poor in Teetti {Ederitaia)^ 
now on the down grade. The sloths of 
South America are arboreal leaf-eating forms, 
which hang head downwards from tree 
branches by means of their long hook-like 
claws. In comparatively recent geological 
times huge ground-sloths lived in South 
America, which were too big to climb trees, 
but were strong enough to uproot them in 
order to feed upon their foliage. 

In the primitive order of Pouched Mam- 
M.\LS {MarMupialin) there is not a regular 
succession of two sets of teeth, as in higher 
mammals, and only the first grinder appears 
to have a regular successor. The arboreal 
opossums of America are omnivorous, and a 
number of the Australian members of the order 
are pronounced vegetarians. The springing 
kangaroos [240, page 1493] and their allies 
browse upon grasses and herbs ; the wombats 
burrow, and gnaw roots by means of their 
rodent-like incisors; tree -kangaroos and phal- 
angers are arboreal, and the latter live largely 
upon fruit. The little mouse-phalangers possess 
long, slender tongues, w hich they insert into 
flowers to secure nectar, and probably small 
insects as w ell. 

Carnivorous Mammals. There are five 
orders, all or most of the members of which 
live upon animal food — t.e.. Insect-eaters 
{Imectivora)y Bats (Chiroptera)y Whales and 
Porpoises (Cef<icea), Flesh-eaters (Carnivora), 
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and Egg-laying Mammals {Manotremata), 
v^rnivorous forms are also to be found among 
the MnmmaU Poor in TVeth (Edentata), nnd 
the Pouched Mammals (Marsiipialia)^ 

Insect-eaters. Some of the small non- 
tumal animals w’hich make up the order of 
Insect-eaters are to l»o found in almost all 
parts of the world except South Araerioa and 
Australia. They may be said to play much 
the same part in regard to the minor varieties 
of animal food that gnawers do w'ith reference 
to vegetable food, and, like them, arc of 
simple organisation. 

The familiar European Hedgehog [Erinnccu^ 
enroperus) is a good typo of a group of the order 
which is pretty common in the Old World, ami 
has allies in the West Indies [281]. In accordance 
with the nature of its food, which mostly con- 
sists of w'orms, snails, insects, and other small 
creatures, the teeth of the hedgehog are sharply 
pointed, those at the hack having their crowm.s 
provided w ith small cutting projections. Such 
teeth are eminently suitable for dealing with the 
small animals named, as well as with snakes and 
other reptiles, frogs, and even mice, none of 
which are despised as articles of diet. 

The name “ hedgehog ’ has been suggested 
by the shape of the snout, which is something 
like that of the pig, and used in much the same 
way for grubbing in the ground. 

The Smallest Mammal. Shrews are 
very small, mouse -like creatures, having u 
very wide distribution. There are throe 
species native to Britain, two of which are our 
smallest mammals, while the group is notable 
for the fact that some of its members are more 
diminutive than any existing mammals what- 
soeviT. A body less than an inch and a half 
in length, plus an inch-long tail, is about the 
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record. The teeth of a shrew are much like 
those of a hedgehog, but its snout is much more 
slender. J umping shrews, little desert animals, 
are native to Africa, and are adapted for 
springing, their hind legs being much elongated. 

While the insect-eaters so far named hunt for 
their food on the ground (except water -shrews), 
there are tree-shrew^s that are arboreal. In 

17fl3 




NATlIfkAI. NMTOliy 

Appearwcioe tliey tomewhat resemble equimk, 
ai|d are native to SLE. Asia. 

Among aquatic insect-eaters, the desmans 
inhabit some of the rivers of the Old World — e.g.^ 
the V^olga, and are larg^ than the average of 
their kind. The snout is drawn out into a short 
proboscis, well adapted for searching out food 
in the crannies of river banks. In Vi^t Africa, 
an animal {Potamogale) has been found in some 
of the rivers which might easily be mistaken for 
a small otter, but is really a member of the 
pesent order. The resemblan’c has been 
Drought about by adaptation to a similar mode 
of life. 

A Hungry Underground Hunter. 

The well-known Mole {Talpa Europcea) is 
beautifully specialised for the pursuit of earth- 
worms and other small animals underground, 
and is one of the hungriest and most untiring of 
hunters, far excelling lions and tigers in these 
respects. It belongs to a group which is charac- 
teristie of the north temperate zone, and has 
allies (golden moles) in Africa. 

The members of the ancient and almost 
ubiquitous order of insectivora have become 
adapted to the pursuit of small prey on the 
ground, in fresh water, among trees, and in the 
earth. The closely related Bats (Chiroptera) 
have acquired the power of flight, and wage 
incessant warfare in the air against such 
members of the insect tribe as come out at 
dusk [232]. That part of the flying membrane 
which stretches between the hind limbs and 
tail can be turned forwards and used as a kind 
of sweep-net, which proves very effective. Bats 
are found all over the world. 

There can be no doubt that Whales and 
Porpoises {Cetacea) have descended from 
terrestrial ancestors, but their exact line of 
descent is some- 
what doubtful. 

Some members 
of the order 
possess numerous 
sharp simple 
teetli, which are 
eminently suit- 
able for seizing 
and holding 
slippery Ashes 
and cuttle-fishes. 

The common 
porpoise (P/w- 
ccena communis) 
is one of the 
most familiar forms ; indeed, too familiar, for 
it is a great enemy of the fisherman, not only 
on account of its app tite, but because it 
damages his nets and frightens away his 
lawful booty. 

The huge sperm whale, or Cachalot (Physeter), 
is an example of a toothed cetacean on a large 
scale. 

The Source of Whalebone. The whale- 
bone whales, which include the monsters of 
the order — up to 85 feet — have no functional 
teeth, though in very early life these are to be 
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fonnd embedded in the gnma, which, however^ 
they never cut. The most noteworthy pecu- 
liarity of these forms, as seen familiarly in the 
Greenland whale {BaUBna!^mysticHus)f consists 
in the presence of numerous pairs of homy 
lates (Do/een), frayed out at the edges, which 
ang down from the roof of the mouth [246]. 
The so-called “ whalebone is derived from 
them. The whales of this group feed upon the 
small animals which float in enormous numbers 
at or near the surface of the sea, making up 
what is technically called plankton.*' Moving 
along at some speed, the whale takes in large 
quantities of sea-water, which is strained through 
the baleen, leaving behind in the mouth the 
numerous small creatures it contains. The 
danger of choking during this process of feeding 
is obviated by the fact that the top of the wind- 
pipe IB drawn out into a cone, which fits into the 
oack of the nasal passages in such a way that 
no water can possibly find its way into the 
lungs. 

Flesh-eaters (Carnivora) are descended 
from the same ancient swamp-dwelling stock 
as hoofed mammals, but claws have bben 
evolved instead of hoofs, and the teeth are 
more or less suited to flesh -eating. Seals, 
sea- lions, and walruses, have become adapted 
to an aquatic life. 

Bears (Ursidee), with the exception of the 
Polar bear (Ursus maritimus), are of omnivorous 
habit [288], and though the canine teeth are in the 
form of prominent tusks, the back grinders have 
blunt crowns, suitable for dealing with a miscel- 
laneous diet. These creatures exhibit the primi- 
tive character of being plantigrade. 

The remaining land carnivores are typically 
digitigrade — ».c., they walk on the ends of the 
fingers and toes, and their back teeth are mostly 
compressed, and possess cutting crowns. 

The omnivorous badger (Melos tarns) and its 
immediate allies are the least specialised mem- 
bers of the group, and in many respects resemble 
bears in structure. But weasels, stoats, sables, 
martens, and the like, arc eminently carnivorous 
and bloodthirsty. None of them are of any 
great siz'\ and the narrow, short-legged body is 
well suit 3d for penetrating undergrowth. Some 
are arboreal, and the weasel makes its way 
underground to atta'^k burrowing mammals, 
such as moles and field-voles. The otter 
(Lutra vulgaris) is a predaceous aquatic member 
of the group, w’-ith sharp-pointed teeth, adapted 
for seizii^ fish. In the rare sea-otter (Enhydris) 
of the North Pacific the back teeth have blunt 
crowns, in accordance with the diet, which 
consists mainly of sea-urchins, crabs, and shell- 
fish, all of which need to be crushed. 

The smafl animals of the Raccoon and 
Coati Family (Proc^fonidm) are nearly all Ameri- 
can, and the best-known forms are the raccoon 
(Procyon) and the coati (Nasua). The former 
lives a good deal among trees, but also hunts 
for prey in brooks. It is remarkable for t^e 
curious habit of washing its food. Tlie long* 
snouted coati is largely arboreal, and hunts 
down tree-lizards, but it also frequently descends 
to the ground for the purpose of grubbing 
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•up worms and other small creatures with its 
snout. 

The Dog Faml!y. The members of the 
Dog and Wolf Jitmily {Canidce), including 
jackals and foxes, are very widely distributed, 
there even being a sort of dog — the dingo — 
in Australia. These creatures are more 
specialised than bears, but less so than the 
cats and their allies. Wolves and wild docs 
hunt in packs, and track their quarry by smell. 

The family of Civet-cats and Mungoosos 
( Vivexridce) includes a large number of small 
animals, which are well adapted to a car- 
nivorous life, but not so highly specialised as 
the cats proper. The civet-cats ( Viverm) are 
nearly all ground animals, mostly from South 
Asia, but also represented in Africa, to which 
continent their relatives, the genets {Grn^t(a). 
are almost entirely confined. Tlie Indian palm- 
civets [Paradoxurus) live in trees, and not only 
prey upon various small animals, but also cat 
fruit to some extent. The mungooscs {Her- 
pestefi) arc small African and South x^siatic 
animals, somewhat resembling stoutly-luiill 
weasels, and remarkable for their extreme 
agility, which enables them to cope successfully 
with poisonous snakes. 

The comparatively large Hyaenas {Hycrnidm), 
closely related to the civet-cats, etc., feed mostly 
upon carrion. The striped hyaena {Hyivna 
striata) of Asia and Africa, and the spotted 
hyasna of South Africa {Crocula rnaculala), 
have immensely powerful jaws and teeth, with 
which they can easily crunch up bones. The 
aardwolf {Proteles) of South Africa is a kind 
of degenerate hysena, w’ith reduced and com- 
paratively feeble back teeth. It burrows 
underground, and devours termites (white ants) 
as well as carrion. 

The Cat Family. The Cat Family {Felidos) 
includes the beasts of prey par exceWnce, such 
as the lion [2871, tiger, leopard, and cheetah 
of the Old World, and the puma and jaguar 
of the New. The domestic and other “ cats ' 
also belong here. Examination of the skull 
of a lion will show some of the specialisations 
that exist in connection with the carnivorous 
habit. The jaws are of enormous strength, 
and the prominent ridges on the skull arc partly 
for the attachment of muscles that work the 
lower jaw up and down. The canine teeth 
are exceedingly powerful tusks, used in seizing 
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prey, while the crowns of the back teeth are 
cutting blades of great efficiency. 

As is familiarly known, the claws of cat-like 
animals are employed against their victims with 
deadly effect, and when not in use aiv drawn 
back into sheaths, and thus prevented from 
becoming blunt. They are sharptmtd by la ing 
rubbed against trees. Sight and hearing arc 
very acute in mcmlK'rs of tlu^ gi'oup, all of 
which stalk their }»rcy, finally seiMiring it by a 
sudden rush or spring. 

Of the thri'c families belonging to tlu‘ sub- 
division of Aquatic C^arnivorcs {Pinni yfdia), one 
inchid(^8 the walrus (Tricha'hnfi), which luis 
enormous tusk-like upper eanim's. and grimh rs 
with blunt crowms. The former arc used fur 
grubbing up shellfish as food from tlu' sea 
bottom, and the latter for rrushing them, 'the 
sea-lions and seals, which make up the two 
other families, arc fish-caters. and the crowns 
of their buck teeth are laterally Hatlimed and 
sharply pointed. In all these aquatic forms 
the limbs an* in the form of paddles. 

Among Eocj-layino Mamim.vls 
the ^;piny ant-(‘ater {Echidna) and duck-bdied 
platypus {Ornifhorhynch us) arc both carnivorous. 
The former [289. page 1 41131 possesses a narrow, 
toothless snout, and its long, sticky tongue^ 
secures insect prev. The duck-billcHl platypus 
[241. page 141)41 lives in streams, ft‘eding 
largely on w'atiT -snails, which it is able to 
crush by means of horny })latt*s in its jaw's. 

Mammals Poor in Tkrth {RduniaUi) inv'lude 
the great ant-eater {Myrnhecophaya), aclaptcMl to 
feeding on insects, much in the same W'ay as the 
spiny ant-eater. With jts onomious claw's it is 
able to tear open ant-hills in pursuit of its j>rey. 
The ('ape ant-eattu*, or aardvark {(hyrteropus) 
of South Africa (whicli posscmsc's hack tc'cth), and 
the scaly pangolins {Man, is) of ^Africa and Sc»uth 
Asia, arc both spccualiscHl in a similar fashion. 

Among the Australian mcmbiTs of thc^ 
Poif(’iiEi) Mammals {Marsu pialia) order w'o find 
carnivorous forms which superficially rcw^rahle 
species belonging to various other orders, the 
resemblance having been brought about by 
adaptation to similar modes of life. Such an^ 
the native “ wolf ” {7'hylacinuj<) of Tasmania, 
the dasyurcH (resembling civet-cats), the handed 
ant-eater {Myrmecohius) (which, however, pos- 
sesses unusually numerous teeth), and the 
pouch(‘d mole {XotorycUs). 
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LATIN 

LATIN VERSE 

IN the first lesson it was mentioned that 
some syllables were short and others long— 
e,g., memk (nom.), mensi (abl.). These syllables 
are said to differ in quantity. We have now to 
consider prosody, that part ai ^ammar which 
deals with the quantity of syllables and the laws 
of metre. 

I. QUANTITY OF SyLLABLF>> 

General rules of quantity : 

1. Every diphthong and contracted syllable 
is long : Mensh, cogo {co-ago). 

2. A vowel coming immediately liofore 
another vowel is short : Plus, prohibe (h is not 
taken into account in prosody, ^ing regarded as 
a breathing on'y). There are some exceptions— 

di i, Pomp'i, fio (but fieri). 

8. Any vowel followed by two or more con- 
sonants, or followed in the same word by /, x, 
or z, becomes long by position — ad'stis, dxis. 

Note. The two consonnnts need not be in 
the same word. Thus, in jac't corpus the c is 
long Iw position before t and c, though liad tht* 
second word begun with a vowel, the final 
syllable of facet would have been short, 

4. A vowel followed by a mute consonant 
with a liquid after it is doubtful — e,g., either 
luguhre or lugnhre. But gn always makes a long 
syllabic, as ignis, a gnus. 

On the Quantity of Final Syllables. 

1. Most words of one syllable are long, as m", vis. 
Exceptions : Words ending in I, b, d, t, as v I, siib, 
id, it. Also is and its compounds, ad'S ; 
vS, ni (enclitic— i.e., join^ to a woM— as 
amasni — dost thou love ; but nc = lest, is 
long) ; n r, dn, in, p r, t r, air, ds {ossis), fdc, 
and f r (imperatives of facto and fero), Ms, is, 
els. qvXs, 

2. Words ending in a are long— con/rti, 
trustrd,amii. Exceptions: Accusative and nomi- 
native cases, and tid and gwid, (All ablatives 
in a are long. ) 

8. e final is short — regi, regitS, ferri. Excep- 
tions ; Cases of Ist and 6th declensions, as d%'., 
Cybd ~ ; imperative sing, of 2nd conjugation, as 
mon ■ ; guar}, hodi', and adverbs derived from 
adjectives, as dignl. 

4. i final "Is long — obi, pieM. Exceptions: 
Btevibi, %ecuM, nisi, qumi ; also Greek vocatives 
and datives, as CUorl. But mihi, Hhi, aibi, 
ubi, ibi, ore doubtful. 

5. o final is long — vir^, amo, domino. Excep- 
tions : CU6, modb, eg6, aub, oct5, add, nesetd. 

8. u final is long-^tl, diii, rectu. 

7. y final is short — chdy, Tiphy, 
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8. Words ending in c have their last syllabic 
long {iUtlc), except don/c. 

9. Words ending in I, d, t have their last 
syllable short — anim U, iUud, jac't. 

10. n final is short — nom n. Exceptions : 
Many Greek words — Hyrn n. Ammon. 

11. r final is short — calcdr. amxUiir. Excep- 
tions : Many Greek words crat r, a'r. 

12. Words ending in as are long — mcnala, 
wmis. Except anis duck, and Greek cases 
of 3rd declension, as lamp id is. Arcls. 

18. Words ending in es arc long — sed~8. 
amaris. Except ions : Pen^s ; a few nouns like 
seg's, mergfs, and (ireek plurals like Ttoad s. 

14. Final is is short — regia. similXs. Excep- 
tions : Dat. and ahl. plural, mensls : 2nd sing, 
pres, indie, of 4th conjugation, audts; compounds 
of via and sis. maVs. mdis. vel s, grails, forts. 

16. Final os is long — dominos, sacerdos. Ex 
ceptions : A few Greek words, as ep is. 

16. Final us is short — opXs, amamtis. Ex- 
ceptions ; 4th declension contracted oases, 
gradtls (gen. sing., nom. vac. acc. pi.) ; words 
whose genitive increases and has the last syllable 
but one long, as teUtls. inctls, juvenins, virttls. 

17. ys final is short — chtlys. 

Note. Remember that all naturally short 
final syllables are liable to become long by 
position ; see above. Rule 3 under general rules 
of quantity. Thus, the us of opfts would become 
long if the word following began with a conso- 
nant, because the u would then precede two 
consonants. 

II. LAWS OF METRE 

Each of the follo's^ing combinations of syl- 
lables is called a Foot : 

A long syllable following a short one (" “) forms 
a fo6t call^ the Iambus (“ satirical,” because first 
used in satire). 

A short syllable following a long one {” " ) forms 
a foot called the Trochee (“running” or “trip- 
ping ”). 

Two long syllables ("”) form a Spondee (so 
chilled bec’ausc much used in the solemn hymns 
sung at a Spond or drink-offering). 

A long syllable and two short ones ( ) form 

a Dadyl (“a finger,” from its resemblance to the 
joints of the finger). 

Three short syllables ( ) form a Tribrach. 

Two short syllables and a long one ('''’") 
form an Anapeest (“reversed,” bemuse it is a 
dactyl rovers^). 

Scansion . Scansion is the art of counting and 
measuring the feet in a line or verse ; when we 
m€urk off a verse into the feet which compose it 
we are said to scan it {Hi. “ to climb ** it). 



When a word ending in a vowel ih foHowetl 
by a word beginning with a vowel, the 
vowel is dropped, or elided. This is called 
Elision or SynaUpka (“melting together”) — 
c.g., qui odverso would be scanned 
the down-stroke marking the end of a foot. 

When a word ends in -m preceded by a vowel, 
and the following word begins with a vowel, 
the vowel and -m in the first word are dropped. 
This is called Ecthlipsis — e.g.^ quantum est iw 
rebus inane would be scanned quftntest In 
rebfi^ In fme ; and telum har would be scanned 
(Ha?c [see translation of “ Tlie Ix)st Trader “ 
further on]. 

Metres* The two commonest metres in 
Latin are (1) Hexameter, in which each line 
consists of six feet, and (2) Elegiac, in which a 
Hexameter line and a Pentameter (five feet) 
alternate. All Virgil’s works are written in 
the former, while Ovid, Tibullus, and Propertius 
are the chief Elegiac poets. The only feet 
used in these metres are Spondee and Dactyl. 

1. Hexameter. The first four ft‘et may 
Dactyls or Spondees ; the fifth must he 
a Dactyl ; the sixth a SpondtH'. Thus the 
scheme is : 

1. 2. 4. r* (>. 

U 1 _ U U 1 . M U ' _ U U . »■> U _ 

; . . U . ! M .. i .. 

Examples : 

Quadrupejdantc put rem isoni tu quaf it | ungfila ' 

campfim 

Arma viiTimque caho l Tro jie qui primus a!) 

oris. 

A break in the words, called (UvHuru, is usually 
made after the first syllable of the third foot ; 
that is, a word usually ends with that syllable. 
Tlie Caesura is marked by the double line 1 . 
This is called a strong Caesura, but if the break 
occurs after the second syllable of a Dactyl 
(as Non dnines dr\bii8tt't\\ju\vri'nt lium\ Usque wy\ 
rlcde), it is called a weak Caesura. 

A Hexameter must end either w ith a word of 
two syllables or of three, as “ myrica‘.“ It 
must not end with two dissyllables, nor should 
there be an elision between the fifth and sixth 
feet. 

2. Pentameter. This line consists of two 
parts, called Penthemimers ; the first Penthe- 
mimer contains two feet (Dactyls or SpondtH's) 
and a long syllable. The second also contains 
two feet — which, however, must Ik* Dactyls — 
and a long syllable. 

1. 2. 3. 4, 


It thus consists of two halves of 2J feet each. 
Examples. 

Tu citi us v^nl as! port us et ara tu is. 
Laerltesque 8en|ex !, Teldmac husque pu er 

,This verse is never used alone, but always 
follows a Hexameter in Elegiac verse. Hexa- 
meter and Pentameter alternating. 

A Pentameter must always end with a word 
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of two syllables, though sometimes ts or tM 
closes a line, the preceding vowel or m lietng 
cut off. The preening word must then be a 
dissyllable, as tuum eM, Tlie last word of a 
Pentameter must be a substantive or a verb, 
or some case of meus, tuusy aims. 

How to make LrOtin Verses. Having 
learnt the above rules of Prosody w^oll, and In'ing 
able to scan verses, the pupil w ill now' be able 
to practise turning English poetry into Latin 
verse. The quantity of all doubtful syllables 
is marked in all good dictionaries (c.j/., sagitta), 
but the pupil must determine tlu' quantity of the 
others by his prosody — e.gr., the final a of sagitta 
will 1)0 long or short according to whether it is 
ablative or nominative. A great deal of twisting 
and contriving will bo necessary at first, but 
gradually it will liecome easier to make tlu' 
verses, and often at first sight it will lie evidiail 
how' the lin(‘ can lie made to run nicely. Ad- 
jectives and other epithets may be frei’ly 
inserted if needful, and one. line of English 
poetry need not be exjiressed by one lint^ of 
Latin verse. 

Tlie following rendering of Brow ning's “ Tho 
Lost Lt'oder,” by the h\tv Sir Richard Jebb, is a 
splendid example of versification ; careful study 
of these lines will go far to show the pupil the 
necessary changes to make in tlie English Indore 
it can be put into Latin verse. 

“THE LOST LEADER.” 

Just for a handful of silver lie left us ; 

Just for a riband to stick in his coat — 

F\)und the one gift of which fortune bereft us, 
Lost all the others she lets us devote. 

They, with the gold to give, doled him out silver, 
So much was theirs who so little allowed. 

How all our copixT had gone for his service ! 
Rags — were they purjile. his heart had lx*cn 
proud ! 

We that had loved him so, follow (‘d him, 
honoured him, 

Lived in his miliJ and magnifhtcnt eye. 
Learned his gi-eat language, caught his clear 
accents. 

Made him our pattern to live and to die ! 
Shakespeare was of us, Milton was for us. 
Bums, Shelley, were with us — they watch from 
their graves ! 

He alone breaks from tlu; van and the freemen. 
He alone sinks to the rear and the slaves ! 

We shall march prospering, — not thro’ his 
presence ; 

Songs may inspirit us, — not from his lyre ; 
Deeds will lie done, — while he boasts his 
quiescence. 

Still bidding crouch whom the rc‘st bade aspire. 
Blot out his name, then— record one lost soul 
more. 

One task more declined, one more footpath 
untrod. 

One more triumph for devils, and sorrow for 
angels. 

One wrong more to man, one more insult to 
God I 
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life's night begins ; let him never come beck 
to ns ! 

There will be doubt, hesitation, and pain, 

Forced praise on our part — the glimmer of 
twilight. 

Never gl^, confident morning again ! 

Best fight on well, for we taught him, — strike 
gallantly, 

Aim at our heart ere we pierce through his 
own ; 

Then let him receive the new knowledge and 
wait us, 

Pardoned in Heaven, the first by the throne I 
IN LATIN ELEGIAC8 

(By permisHioi) of the Iat<‘ Sir Kiohaid J<ibb and 
(bwgci Holl A SonH.) 

Plus ut opum ininimo, clavus sibi latior esset, 
sustinuit nosfer doseruisse suos. 

Hoc modo quod nobis Fortuna negarat adeptus 
perdidit, ah, quioquid nos dare fata sinunt. 

Quis aurum fuit, argenti pendere pusillum : 
tantula de tantis censibus ille tulit. 

Hunc tenui nostrum quis non adjuverat ajre ? 
nostra viro sordent : munera regis avet. 

Hunc amor, obsequiura, reverentia nostra 
colebat : 

hujus erat nobis vultus ut alma dies : 

“ Hie Jove digna loquens, hie veri,” diximus, 
“ auctor 

dux mihi vivendi, dux morientis erit.” 


Mens fuit h»o Enni, fuit hseo saim^ Nlervi : 

VOS piget ha»c damnum. Calve, CatuBe, pati. 
Deserit hie solus nos libera signa sequentes: 

servorum partes transfuga solus adit 
Ferre manet nobis — non hoc tamen auspice^ — 
palmnm ; 

earminibuB, sed non hoc modulante, fmi ; 
Bella gerent alii, Isetabitur ille quiescens ; 

surgere quos vohiit fsma, jacere volet. 

Hoc quoque de fastis laerimandum tollite nomen: 

luta raiser vidit, noluit alia sequi. 

Hunc quoque gaudebunt Furifis, plorabitOlyftipus 
jus hominum summi fas violasse Dei. 
PergimuB in tenebras : ne nos petat ille reversus, 
ad dubioB referens sollioitosquc pedem. 

Quo valeat laudes alicnis dicere mails ? 

lumen amieitiaB, quod fuit, umbra premit. 
More ferox nostro telum haec in pectora vertat, 
tela receptunis peetore nostra suo : 

Turn moriens nobis prior immortalia discat, 
primus in fietemo stans sine labe choro. 

Note. In the above metre, which is by far 
the most common in Latin, the only feet used 
are Spondees and Dactyls. The other fqpt 
(Iambus, Tribrach, Anapsest, Trochee) are found 
in the rarer metres lambic Trimeter or Senarius, 
and lambic Dimeter : the Sapphic Stanza and 
the Alcaic Stanza. Models of the Sapphic and 
Alcaic Stanzas are found in the Odes of Horsuje 
[see any good edition of Horace’s Odes, such 
as Page’s]. 


Ofyncluded 


VrSCJi Coiitlured from 

l!#iNCvLfIorl pagiioifl 

HISTORY OF THE ENGLISH 
LANGUAGE 

The histoiy of the English language is to all 
intents and purposes the history of the 
English people. ,Aa we trace the growth of the 
language, we trace at the same time the growth 
of the nation. Words are fossilised history. They 
speak to us of waves of conquest, of eras of 
strife, of the gradual victory of tlie arts of 
peace over the arts of war ; tney tell us of the 
hopes and fears, the expectations and dis- 
appointments, the laws, customs, drees and 
manners of those who have gone before us. A 
language should be regarded with reverence : 
it is too precious to be trifled with or debased. 
Everjrone who debases the moaning of a word 
is as much an enemy to his country as the 
uttorer of false coin. 

Certainly we who speak the English tongue 
have a language of which we may be proud. 
It is rich in asaooiations, and a veritable store- 
house of wonders. It deserves and repays 
careful study. 

Up to about the year 450 a.d. our islands were 
inhabited by different Keltic races, speaking 
various dialMts of the Keltic fpx>up of languages. 
These races were closely allied to inhabitants 
of Gaul (as France was then called), and spoke 
practically the same ton^e. About the b^in- 
ning of the Christian Ska both Britain and 
Gaul were conquered and overrun by the 
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Romans, but with strikingly different results as 
far as language was concerned. The conquered 
Gauls adopted the Latin language, while Latin 
made singularly little impression on the Kelts 
of Britain, who largely retained their own 
dialects. The Latin language was destined, 
however, to have its revenge ; for the Franks 
and Normans, who subsequently occupied 
France, adopted the language of that country, 
and were instrumental in introducing it (in an 
altered form, of course) into Britain about the 
time of the Norman Conquest, 1006 a.d. 

* Keltic Words. Among the earliest 
elements in our language, therefore, are the 
old Keltic words that have survived in the 
struggle for existence and have come down to 
us through two thousand years and more. 
These are not many, for the language of the 
Britons was completely displaced by that of 
their Saxon conquerors. 

The Keltic words consist chiefly of geographi- 
cal names — c.j/., Devon, Dorset, Kent, Mxe; Avon, 
Ouse, and Uslc (all three meanii^ water), Trent, 
Dee, Don, Severn, Wight, Bute, Pen (as in Pen- 
rith). Ako, as we should expect, words dealing 
with household matters, names of implements 
used by serfs, etc. — as : barrow, matUxk, mop, 
cudgel, chut, dam, crock, kUn, grud ; nm 
indirectly (through the Norman-Fnmch) woi^ 
like /foskef. basket, wicket, bran, gown. One of 
the Keltic dialects k sUU spoken in Wales. 



^ £«rfy Latin Words. The Romans left 
nngolarly few words as the result of their 400 or 
500 years^ occupation of these islands. The 
Latin ca&tra (“ a camp *’) is found in plenty of 
place-names — as; Chester, Dorchester ^ Gloucester^ 
CireHcester ; stratum is found in sVsfif, Stratford ; 
eoUmia in Lincoln ; and fossa (“ a ditch in 
Fossbipy. 

The Comini; of the Aniilo-Saxons. 

Not long after the departure of the Romans 
fryn this country, fresh conquerors descended 
on its defenceless shores. From about 450 to 
550 A.D. a constant succession of Jutes, Saxons, 
and Angles streamed over from the lowland 
region in north-west Germany. Conquering 
the Keltic inhabitants, they drove them steadily 
northward and westward into the lowlands of 
Scotland, and into Cumberland, Westmorland, 
Wales, and Cornwall. These tribes were of Teu- 
tonic stock. As their area of conquest extended, 
their language naturally became more and 
more prevalent, until in course of time (long 
before the Norman Conquest) it was spoken 
^ from the Firth of Forth to the English Channel. 
Out of the union of the dialects spoken by these 
tribes, the English language sprang. Anglo- 
Saxon is thus the backbone of our modem 
English. We shall trace the development of 
this particular element a little later on ; mean- 
while, not to lose the thread of our historical 
sketch, we pass on to the next peat event 
influencing alike our nation and our language. 

Second Latin Influx. The introduction 
of Christianity brought into the language many 
Latin words of an ecclesiastical nature. We 
may call it the period of the second invasion 
by the Latin language. Words thus introduced 
are mostly the names of Church dignitaries, 
ceremonies, and the like. They came cither 
directly from the Latin, or indirectly through 
Latin from the Greek. Examples of the latter 
are bisliop^ 'presbyter, baptism, eucharist, churchy 
monastery, monk, and clergy. 

The ^andinavian Element. Mean- 
while, during all these centuries, the Norsemen 
and Danes were constantly landing on our 
fhor^, in more or lees successful attempts at 
fon |uest. These were men of Scandinavian 
race, whose language was of the same group as 
English (Teutonic). Owing to their settlement 
here, we have many of their words in our language 
to-day. A number of place-names in the north 
and east of England are Scandinavian — e.g., 
Grimsby, Whitby (by = town) ; Furness, Skeg- 
ness (ness — headland) ; Troutbeck, Welbeck 
(beck = brook) ; Orkney (ey = island) ; Aira 
Force, Scale Force (force == waterfall) ; Thorpe, 
Grimstho’pe (fiiorp = village) ; Dinp^all, Thing- 
wall (thing or ding = place of meeting) ; Lang- 
with (with — woofl) ; Lowestoft (toft = small field). 

The Norman Conquest. The Nor- 
mans introduced their language (a corrupted 
form of Latin) when they introduced them- 
selves. This is the third, and p^haps the 
most im^rtant, invasion die Latin tongue. 
Norman-French became tlm language of the 
upper classes and of the Law Courts : even to- 
day our Sovereign vaea this language when he 


LAMOUACNNI— MIOUtN 

f yes his assent to, or withholds his assent from. 

ills that have passed the t\io Houses of 
Parliament.* For a time, how’evor, the mass 
of the English people clung tenaciously to tlieir 
old language, but gradually the two races began 
to blend, and Englisli assumed the form wmoh 
it has to-day — a fusion of Anglo-Saxon and 
Norman-Frenoh, “ Most of the words in our 
language which relate to feudal institutions, 
to war, law, and the chos?, w'ert' introduced in 
this way.’' (M»vsot».) .\h was jiointed out in the 
introductory ariiclc to the Study of Languages 
[page 117], one of tlio chief oflt'cts of the intro- 
duction of Norman-French was the gradual 
disuse of the grammatical inflexions of Anglo- 
Saxon. Under its influence our language has 
become larply analytic instead of being 
synthetic or inflexional. 

The Revival of Learning. What 
is called the “ Renaissancf',” the great rerival 
of the study of the classical languages in the 
sixteenth century, gave nn immense nnmix'r 
of Latin words to our language. This is the 
fourth, and practically tlie last, invasion on the 
part of Latin. A pt^rfec^t craze arose for using 
long, cumbersome, and unwieldy words taken 
straight from Latin, and even from Gnnsk. 
The authors of this period and school arc 
often painful reading. For example. Trench 
gives the following uncouth creations : “ Torve 
and tetric ~ stern, severe (Fuller) ; cecity -- 
blindness (Hooker) ; insulse — tasteless (Milton) ; 
facinorous ~ gwitty (Donne); suftlaminate ~ 
put the drag on (Barrow) ; moliminously uM 
effort (Cud worth) ; immarcescible = unfading 
(Bishop Hall) ; luciferously -- bringing ligJU 
(Brown).” 

Many of the words thus introduced have long 
since perished, and during the lost hundred 
years or so there has he(’n a strong reaction in 
favour of a return to a purer Anglo-Saxon 
diction. 

In many cases the same I.4itin word has given 
us two words in English, one coming direct 
from the Latin, the other through the medium 
of Norman-French. For example : 


Latin. 

Direct 

Through 

from Latin. 

Norman- French. 

Fragilis 

fragile 

frail 

Ratio (-nem) 

rational 

reason 

Potio ( nem) 

potion 

poison 

Quietus 

quiet 

coy 

Punctum 

punctuate, 

etc. point 

Factum 

fact 

feat 


Similarly, hospital and hotel, blaspheme and 
blame, pauper and poor, redemption and ransom, 
senior and sir, rotund and round, junction and 
joint. 

Miscellaneous Words. In later times 
English has borrowed words from almost 
every language under the sun ; as our borders 
have exten(£d, and as our commerce has 
grown, so has our language become more and 

* The town-crier perpetuates a Norman- 
French word in his ‘^0 yes,” which reidly is 
“ Oyez,” the imperative of oyer, to hear. 
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more ooBmopolitan. Some of the chief of th<*8e 
sources may be mentioned : 

Chinese, Caddy, junk, gong, nankeen, ten. 

Turkish. Bey, ottoman, sash, tulip, janissary. 

Persian. Bazaar, altar, sherbet, turlmn. chesK. 
dervish, hookah, lilac, musk, taffeta. 

Hebrew. Sabbath, seraph, cherub, amen, 
leviathan, jubilee, Satan, ephod. 

Arabic. Alchemy, alcohol, algebra, almanac, 
alembic, tariff, zenith, zero, nadir, talinman. 
naphtha, coffee, mosque, fakir, giraffe, harem, 
sultan, vizier. 

Hindustani. Muslin, calico, rupet*, lac, pun- 
dit, sepoy, thug, suttee*, chutnee, jungle, pariah, 
nabob, bungalow, coolie, curry. 

French. Etiquette, soir^, menu, eau-de-vie, 
chef, ennui, bouquet, bon-lxm, trousseau, 
carte -do- visi to, fete - a - fete . 

Spanish. Alligator, armada, matador, 
toreador, battledore, galleon. earg(», bolero, 
eldorado, tornado, renegade, veiandah, castanets, 
chocolate, don, negro, mulatto, grandee, pillion. 

Italian. Banditti, maccaroni, folio, quarto, 
stiletto, stucco, incognito, gazette, brigand, 
gondola, influenza, motto, oj)era, concert, and 
nearly all the ti^rms used in music, 

Dutch. Boom, schooncj'. sloop. 8kip|x*r, 
yacht, reef, skat(‘. 

Gaelic. Clan, tartan, piliroch, slogan, plaid. 

Portuguese. Caste, cocoa, })alnver, j)oreelain, 
marmalade, commodore, fetish. 

PolyneMan. I'nloo, tattoo, boomerang, 
kangaroo, wombat, wonga-wonga. 

American Indian. Squaw, wigwam, pampas, 
papoose, tobacco, tomrihawk, maizf*. |K*mmiean. 
potato, hammoc k. 

Seientitie words employed in botany, medicine, 
etc., arc mostly derived from Latin or Cireek. 

The Five Periods of English. It is 

}>o8sible to trace five distinct periods or stages 
through which the English language has pass(*d. 

1. Early Anglo-Saxon. This j>eriod extends 
practically up to the time of the Norman 
(inquest, at the close of the eleventh century. 
There were two main dialects of the language — 
the Anglian in the north and the Saxon in the 
south. Gradually the East Midland variety 
of the Anglian branch (spoken in the district 
round Oxford and Cambridge) spread to London, 
and became the parent of modem standard 
English. 

2. Late Anglo - Saxon. This lasted 
from about 1100 a.d. to 1250 a.i>. The most 
noticeable feature is the influence of Norman- 
French. The Normans would not trouble to 
learn the Anglo-Saxon inflexions, conse- 
quently the language l)egan to lose its inflexions, 
and many of its distinctions vanished. 

3. Old English. This lasted from about 
1250 to 1350 A.D. The weakening influence of 
Norman-French was. still more pronounced, 
and the language became rapidly analytic. The 
English of the^ first three period is very 
different from that of to-day, and needs to be 
studied almost as though it were a foreign 
tongue. 
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4. Middle English. But when we come 
to this period (1350-1500), of which Chaucer 
is the shining light, we approach much nearer 
to our modern language. A great deal of 
Cliaucer can be read right off by any English- 
speaking person of average education. It was 
during this period that the East Midland dialect 
became pn^dominant. 

5. Modern Engllsh. 150(> to the present day. 
This brief review helps us to see that the two 
chief elements in the English language are 
Anglo-Saxon and Latin, or (as we may fflso 
call them) the Teutonic element and the 
Romance element. The former was introduced 
into this country by the Angles and Saxons, and 
to a less degree by the Danes and Norsemen ; Ae 
latter came in, as we have seen, either dire^^tly 
or through the medium of Norman -French. 


Teutonic v. Romance. Tliese two ele- 
ments have blended together to form our modern 
language. But we must never forget that the 
basis, or framework, is Teutonic or Anglo-Saxon. 
It is true that there are more than tw ice as many 
classical or Romance w'ords in our language^ 
as Anglo-Saxon, the numbers given by some 
authorities being respectiv ely 29,(KK) and 13,(XM). 
Yet the majority of those used belong to Anglo- 
Saxon. and when w'e want to express our finest 
feelings, or to interpret the deepest things of 
life, we naturaUy resort ti> that language. It is 
at once the simplest and the most dignified. 
A wise writer, of course, will av’^ail himself of 
both elements ; in fact, he cannot help himself. 
But he will see to it that while the su})er- 
structure may be Romance, the basis of his lan- 
guage will be Anglo-Saxon. Ho will never 
choose a classical word w hen a Teutonic one will 
do equally well. As a rule, the Teutonic w^orda 
arc the shorter. Most w’ords of three or more 
syllables, and many of those of tw’o, are classical ; 
while in most words of one syllable, and very 
many of two, the Teutonic clement prevails. 

Teutonic Elements in English. 
The following are the chief Teutonic elements 
in our language : Pronouns, numerals, preposi- 
tions, conjunctions, adjectives of irregular 
comparison, auxiliary verbs, all verbs of strong 
conjugation, and some of weak ; also most words 
relating to house, farm, family, parts of the body, 
common natural objects, common actions and 
things, trades, etc. On the other hand, words 
relating to law, religion, government, war, 
science, art, philosophy, are mostly classical. 

One great advantage given to the English 
language by this blending of two distinct 
elements is that it is particularly rich in words 
of similar though not identical significance. 
It can, therefore, express delicate shades of 
meaning that are impossible to other languages. 
Notice, for exan^le, the following list of pairs, 
one word being Teutonic, the other classical : 


Teutonic. Classical. 
cold frigid 

hard difficult 

bitterness acerbity 
God deity 

w^ork labour 


Teutonic. Classiccd. 

breadth extent 

wedlock matrimony 

feeling sentiment 

life existence 

love passion 



Tevfymic, Clascal. 

maw Btomaoh 

bloom flower 

hearerB audience 


T%¥jUmie, - Cbusical, 
world universe 

worship adoration 
Are conflagration 


This list might be extended almost to any 
lei^th. It will be noticed that, on the whole, 
the Teutonic words are more “ nervous ” and 
expressive than the classical. As a rule, they 
come first to one’s mind, the others being 
en^ployed subsequently to avoid repetition, 
or to amplify the meaning. Natursdly, our 
finest poetry is largely composed of the Teutonic 
element. Shakespeare is well worth studying 
f^m this point of view alone. The Authorised 
A^«ion of the Bible, Bunyan and Defoe 
contain whole paragraphs composed almost 
entirely of Saxon words. For simplicity and 
pathos there is nothing to beat Anglo-Saxon. 
What is the charm of such a piece as, say. 
Tennyson’s “ Crossing the Bar ? Surely it 
is the fact that it contains hardly any but Saxon 
words : 

Sunset and evening star. 

And one clear call for me. 

And may there be no moaning of the bar 
When I put out to sea. 

But such a tide as moving seems asleep. 
Too full for sound and foam : 

When that which drew from out the 
boundless deep 
Turns again home. 

Twilight and evening bell, 

4nd after that the dark : 

And may there be no sadness of farewell 
When I embark. 


For tho’ from out our bourne of time and place 
The flood may bear me far, 

I hope to see my Pilot face to face 
When I have crossed the bar. 


How many words of classical origin can you 
count there ? 

Perhaps the best modern example of the classi- 
cal style is to be found in the works of the late 
Frederick William Farrar. If we open them at 
any page, we find majestic, sonorous sentences, 
almost every other word of which is of classical 
origin. For example : 

“ Christ willed that they should be husbands, 
and fathers, and citizens, not eremites or monks. 
He would show that He approved the brightness 
ol pure society, and the mirth of innocent 
gatherings, no less than the ecstasies of the 
ascetic in the wilderness or the visions of the 
mystic in his lonely cell. . . . Christ came not to 
revolutionise, but to ennoble and sanctify. . . . 
He came to teach that the service which God 
loved was not ritual and sacrifice, not pompous 
scrupulosity and censorious orthodoxy, but 
mercy and justice, humility and love. He came, 
not to hush the natural music of men's lives, 
nor to fill it with storm and amtation, but to 
re-tune every silver chord in that * harp of a 
Hiousand strings * and to make it echo with the 
bmmonies of heav^” 
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Relation of Engllah to Other Lan- 
guages. The languages of tho world 
are arranged in families, according to resem- 
blance in grammar and vocabulary. One of 
these families is known as the Indo-European^ 
or Aryan family. It includes ; 

1. ^anwrity which is the classic language of 
India, and exhibits the Aryan grammar in its 
most perfect form. 

2. Persian, the earliest literary form of which 
is called Zend. 

3. Slaixmic^ including Uussiiui, Polish, Litliu- 
anian, Lettish, etc. 

4. Graco-Laiin^ including (ireek and Li^tin. 
together with the “ Romance ” languages derived 
from Latin, such as French, Italian, Spjuiish, 
and Portuguese. 

5. Keltic^ comprising Gaelic (t.e., Irish or Erse, 
Manx, and Scottish Gaelic), and Cymric (f.f., 
Welsh and the Armorican of Brittany). 

6. Teutonic. Tliis group is divided into two 
main sections, Scandinavian and German. 
Scandinavian includes Icelandic, Swedish, Nor- 
wegian, and Danish. German comprises High 
German (tho languages spoken in South Ger- 
many) and Low German (the languages spoken 
in the northern lowlands of Germany). To this 
latter section (Low German) English belongs, and 
has, for its nearest neighbours, Frisian, Dutch. 
Flemish, and Platt-Deutsch. 

Not all the Euri^an languages ore of Indo- 
European stocR. Turkish, Finnish, and Hun- 

§ arian (i.c., Magyar), for example, arc of a 
ifferent stock. They have btin introduced 
from Central Asia in comparatively modem 
times. 

Grimm*» Law. In addition to words that 
have been imporUni into English, there are many 
English words, or roots of words, that are 
common to most of the Aryan languages. These 
have not been borrowed by one from another, 
but all tho different languages have received them 
from some earlier source. It has been noticed 
that in each set of these words common to several 
Aryan languages there is a certain ndation 
existing between tho consonants. '^Pho expres- 
sion of this relation is known as “ Grimm’s Law,” 
because it was stated by Jacob Grimm (1785- 
1863). It is given by Mason as follows : “ If 
the same roots or the same words exist (1) in 
Sanscrit, Greek, Latin, etc. ; (2) in Gothic or the 
Low German dialects ; and (3) in Old High 
German, then 

1. When the first class have an aspirate, the 
second have the corresponding soft check 
flat mute), the third the corresponding hard 
check (t.e., sharp mute). 

2. MHien the first cla^ have a soft check (flat 
mute), we find the corresponding hard oheok 
(sharp mute) in the seconci class, and the cor- 
responding aspirate in the third. 

3. When the first class have a hard consonant 
(sharp mute), the second class have the aspirate, 
and the third the soft check (fiat mute). In this 
third section of the rule, however, the law holds 
good for Old High German only as regards the 
dental series of mutes, the flat jrattnral being 
generaUy replaced by k, and the flat labial by f, 
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Examples: ^ 

Greek Latin 8anf*rril /. , Gothic High 

1. Gerfmn 


chen (hlanseriianKa 
ther fera — 

phero fero [bhri 

2 . . 

gnomi gnoHco jni 

deka decern danan 

kannabiB — — 

3 

kardia cordis bridayi 

treis tree trayas 

hupor Isuper iipari 


j goose igans kans 

I deer dius tior 

[bear Ibaira piru 

know kan chan 

ten taihiin zelian 
hemp — hanaf 

, heart hairto (herza) 
three* threis dri 
over ufar ubar 


FRENCH 


The student will find it interesting to take 
other words, such as garden^ danghter^ door, dare, 
middle, brother, beech, be, kin, knee, foot, two, 
to(4h, help, thou, other, father, full, fish, etc., and 
trace their relationship with kindred words of 
other Aryan languages along the lines of this 
general law. English thus ceases to be an inde- 
pendent language, arbitrarily invented for our 
exclusive us?. We see it to be a gradual growth, 
a single member of a large family of tongues, 
with brothers and sisters, nephews and cousins, 
closely related to it on all sides. It tl^ 
falls into its place in the general scheme of 
evolution. 

Concluded 

By Louis A. Barbe, B.a/ 


NUM ER ALS— (’ont inuc<d 

IV. — Collective and Approximative 
Numerals 

By the addition of aine to certain cardinal 
numbers, numerals arc formed that Hometimc*s 
indicate a collection, sometimes an approxima- 
tion. 

1. Huit, huitaine. liuitaine is chiefly used 
as “a week,” in exproKsions of “time bow 
long,” as : Tai passe une huitaine de jouvM it 
Paris, I spent a week (or, about a week) in 
Paris ; remettre a huitaine, to postpone for a 
week. As a measure of time, ” a w(‘ek ” is 
une semaine : The year has r>2 weeks, Vannec a 
cinquantC'deux sejnaines. 

2. Neuf, neuvaine. Neuminc is used only in 
an ecclesiastical sense in the Catholic (liurch, and 
means a novena — i.e., nine days’ devotions. 

3. Dix, dizaine (x chanced into 2). IHzaine 
is used approximately, about ten,” except 
in numeration : les unites el les dizaines, units 
and Urns ; une dizaine de francs, about 10 francs. 

4. Douze, douzaine {e omitted). Douzahie is 
ustni both collectively and approx imatively ; 
Trois dovzaines dUeufs, three dozen eggs ; il 
nUj a guhe qu'une douzaine de personnes, there 
are hardly more than a dozen people. 

5. Quinze, ^inzaine. Qninzaine is used for 
a “ fortnight ” in the same w'ay as huitaine for 
a ” week.” It is* also approximative : Vne 
(juinzaine de franco, about 15 francs. 

0. Vingtaine (20), trentaine (30), quarantaine 
(40), cinquantaine (50), soixantaine (60), centaine 
(100), are used approximatively ; Une vingtaine 
de lignes, about ^ lines ; une centaine de pages, 
about 100 pages. 

7. Aff7/e lias the collective and approximative 
form rnillier : Des tnilliers de francs, thousands 
of francs. 

8. Multiplicative numerals are : une f(o\, 
deux foia, trois fois, etc., once, twice, thrcMi 
times, etc. 

V. — Time 


The hour of the day is expressed as follows : 
Une heure, one o’clock. 

Une heure citiq, five minutes past one. 


Une heure et quart 
Une heure un quart 


quarter 


Vne kevre et vn quart J P"** 
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Ufie heure et demie, half past one. 

Deux hemes moins vingt-cinq, 25 minutes to 
two. 

Une heure trois quarts 
Deux heures moins un quart 
Deux heures moins le quart 
Midi et demi, half past twelve (noon). 
Minuit et demi, half past twelve (night). 

Tlie expressions ” a.m. ” and “ p.m. ” are 
rendered by du matin, du soir : de dix heures da 
matin h dix heures du soir, from I6 a.m. to 
10 p.m. 

VI . — Dimension 

Dimension may bo expressed either attribut- 
ively (without a verb) or predicatively (with a 
verb). 

To express dimension attributively there are 
three constructions : 

1 . In the first the noun is followed by an 
adjective of dimension agreeing w’ith it in 
gender and number, then by de, and lastly by 
the numeral and noun of measure : Un mur 
haut de trois mitres, a wall three metres high. 
Tlic other adjectives used in this way are : 
hmg, long ; large, broad ; profound, deep ; 
epais. thick. 

2. In the second the noun is followed by de, 
with the numeral and noun of measure, and then 
by another de with an invariable adjective of 
dimension : Une table de deux mitres de long, 
a table two metres long. 

This construction is not ustni with profoud 
or epois. 

3. In the third the last word, instead of 
l)eing an invariable adject iv’e, is a noun of 
dimension : longueur, largeur, hauteur, pro- 
fondeur, epaisseur, diametre, circonference : Un 
fosse de deux mitres de profondeur, a ditch two 
metres deep. 

To express dimension predicatively either 
etre or avoir may be used. 

1. With itre the verb is followed by an 
adjective agreeing in gender and number with 
the subject of the verb, and then by de with the 
numeral and noun of measure : Cette saUe est 
longue de cinq ^nitres, this room is five metres 
long. 

2. With aioir there are two constructions. 
In the first the verb is followed by the numeral 


I a quarter 
j to two. 



# 

And nmm of measure, aad then hf i€ iriih a 
ttoon of dimension : Ce mar a d%x mHrM de 
kmgueur^ this wall is ten metres long. 

In the second the last word » an invari> 
able adjective of dimension : Cette maieon a 
miime mitres de haul, this house is 15 metres 
high. 

3. Another construction may also be used, 
corresponding to the English, as : A height of 
ten feet, une hauteur de dix pieds ; this wall has 
a thickness of six inches, ce mur a une Spaisseur 
(ft star pouces, 

De is used in FVench, though not in English, 
after the verb “ to be ” in the measurement 
of any numlier oraqiiantity : The population is 
**500, la population est de sept miUe cinq rents ; 
tik distance is ton mUes, la distance est de dix 
milles. 

4. Square measure is expressed by means of 
the preposition sur : Une plaine de six milles 
de long sur six de large, a plain six miles long 
by six broad. 

Sur is also used with numbers, in the sense 
of “ out of ” : Nous amns eu deux beaux jours 
sur dix, we have had two fine days out of ten. 

VII. — Numerals with •* En ** 

When in a sentence a numeral is used without 
the noun to which it refers, that noun being 
understood, the pronoun en must be used. 
Its place is immediately before the verb : You 
have fifteen francs, I have only ten, Voiis avez 
guinze francs, je n^en ai que dix. 

VIII. --Numerala with “A” 

1. In English, when “ place where ” is 
indicated in terms of distance, the preposition 
“ at ” is omitted. In French the preposition 
d must be used : 

Versailles est d vingt-trois kilomUres de Paris, 
Versailles is twenty-three kilometres from Paris ; 
II derueure a dix milles de Londres, he lives ten 
miles fio u London. 

2 . Between the same numeral repeated, d is 
used to express combination, or union : 

Us marchent deux d deux, they walk two by 
two. 

3. In scoring, at certain games, d is used after 
a numeral to express equality : 

Quinze d, Fifteen all ! 

IX. — Numerals with •• De ” 

1 . He is used instead of que, for “ than ” 
before numerals, when no real comparison is 
expressed : 

VoiLS avez plus de dix fautes. You have more 
than 10 mistakes. 

2. After a numeral (with a noun expressed 
or understood), “ more than,” ” less than,” are 
rendered by de plus, de moins : 

J*ai deux fautes de moins que vous, I have two 
mistakes less than you ; Vous avez cinq francs 
de, plus que nous, you have five francs more than 
we. 

3. These two uses of de may be combined : 

II a plus de cinq zents volumes de plus que 

vow, he has more th.«n 500 volumes more than 
you. 


4. In comparison Je indicates the measure 
of excess or of inferioritv : 

Plus dgi de dix on», old.'r by ten 3rear8. 

5. When the substantive to which a numeral 
refers is represented hy the p *0 10 m en, placed 
Iwfore ih.^ verb, the adjtvtive that follows 
the numeral must have de l^fore it : 

Sur mtllr habitants. 1/ n'y en a pas dix de 
riches, out of a thousiuid inhabitants, there 
are not 10 rich. 

Exercise XIII. 

1. We have sp mt abo it a fortnight in liocdon. 

2. I have bo ght {arhrtc), half a po u.d of 
butter and half a dozen (ggs. 

3. In ninety-seven there are nine tens and 
seven units. 

4. There are al)Out a hundred pig's in the 
copv-book (rahier). 

r>. W'hat time is it ? It is ten minutes past 
four ; in five minutes it wull lx* (.*irra), a quarter 

ist fo ir. and in twenty minutes it will be 

alf p ,st fo ir. 

6. This street is half a mile long and fifty feet 
broad. 

7. Our house is more than forty feet h gh. 

8. This table is two metres long by one metre 
soventv-five centimetres broi d. 

9. Yoi have three mistakes {fautes. /.) ; I 
have o ily o 10. 

10. Dover {Doutres). is al)Out {emnron) 
twonty-ono miles f!On Calais. 

11. *^1110 Straits of Dover {le Pas dr Calais), 
are more than twenty miles bro.id. 

12. You have earn(*d (gagne). more than fifty 
francs more than we. 

Kky to Exercise XII. 

1. Trois, cinq, sept, onze, douze, quinzo, 
dix-neuf, vingt ct un, vingt-deux, trento, trent© 
et un, quarante quatre, cinquante-cinfj, cin- 
quante-hiiit, soixante, soixante-neuf, soixante- 
dix, Boixante et onzo, quatre- vingt s, quatre- 
vingt-neuf, quatre-vingt-onze, quatre-vingt-dix- 
neuf, cent, deux cent dix, trois cent cinquante, 
sept cent quatre- vingt-neuf, neuf cent onze, nouf 
cent quatre-vingt-dix-neuf, mil doux cent 
trente- quatre. 

2. Premier, douxi^me, second, qiiatridme, 
cinqui^mo, neuvi^me, vingti^mo, vingt et 
unidme, trente-deuxiemo, quarante-cinqui^me, 
cinquante et uni5me, soixante-sixidme, soixante- 
dixi6me, soixante et onzi^me, quatro-vingti^sme, 
quatre - vingt - unidrae, quatre - vingt - nou vi^me, 
quatre - vingt - dixidme, quatre - vingt - onzi^me, 
quatre- vingt>dix-neuvi5me, centime. 

3. Un et un font deux, ot deux font quatre, 
et quatre font huit, et huit font seize, et seize 
font trente-deux, ot trente-deux font soixante- 
quatre, et soixante-quatre font cent vingt-huit. 

4. Deux fois un font deux ; trois fois deux 
font six ; quatre fois six font vingt-quatre ; cinq 
fois vingt>quatre font cent vingt. 

5. La minute contient soixant o secondes. 

6. La seoonde eat la soixant i^me partie d'une 
minute. 

7. La lumi^re emploie huit minutes treize 
secondes k yenir du ftoleil. 

8. Dans une heure il y a soixante minutes. 
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9. Le jour est un ef>pace do vingt-quatre 
heuro8. 

10. De minuit k midi il y a dou7.e heures. 

11. L’ann^e est compoB^e de trois cent 
Boixante-cinq joiirH et un quart. 

12. La aemaine a aept joura ; le moia a 
quelquefois trente ot un jours, quolquefois 
trento jours et quelquefois vingt-huit seulemcnt. 

K*. Le mois de fevrier, le dcuxi^me mois de 
I’anneo, a vingl-huit jours. 


14. L’aimee commence le premier janvier ; 
elle finit le trente et un decern bre. 

15. Le mois de decembre est le dernier mois 
de Tannee. 

10. La fete de Noel tom be toujours le vingt- 
cinq decembre. 

17. Le ringti^me siecle a commence le premier 
janvier mil neuf cent un. 

18. Quel est le quant idme? C’est le premier 
decembre. 


Continued 


I GERMAN By P. G. Konody and Dr. Osten 


XXV. The Prepositions fsec XV.] which 
govern alternately the d^itive and the accusative, 
are: an (at, on, upon, by, near); aiif (on, upon, 
in, at, up) ; Im II t r t (behind, after) ; i n (in, into, 
at); lubni (by, near, by the side of, beside); 
iibfi (over, above, on, upon, at, about); uutcr 
(under, below, among, between); vov (before, 
ago, since) ; iri f cb c n ( between, l)otwixt, among). 

1. The preposition governs the dative if the 
sentence answers the question (where?); 
whilst U'cljin V (whither, where to?) is answered 
by the accusative: thus the dative implies a 
state of rest, the accusative of motion. 

Kx AMPLE.S : 'Ibicb lir^t a ii f (3) t cm I i f c , 

the book lies on the table [where? Dative: on 
the table]. 3cb Ic^c auf (4) ten Jifd\ 

T put the book on the table [whither ? Accusative : 
on the table]. Ter .Wafer friedW anf (3) bem 
1 i f d) c , the beetle crawls on the table (implying 
that the beetle is crawling about on the tabic). 
Ter .Wafer friedu auf (4) ten (implying the 
act of crawling on to the table). 

2. The dative and accusative of the definite 
article of the dependent noun is often contracted 
with the governing preiKisition. The dative 
singular, masculine and neuter tern may be 
contracted with the prepositions bci (3), near, 
about, with, at ; v c n (3), from, of ; ^ n , to, at, by : 
bci bem, mm bem, bem, are contracted into 
beim, inmi, ,tum. 

3n is also contracted with the dative of the 
feminine definite article ber: pi ber - pir. 

The prepositions b u r d> (4), through, by ; ii m (4), 


around, about, for; and fur (4), for are con- 
tracted with the accusative of the neuter definite 
article ba^; burdi ba^, urn ba^, fur bae, 
into burditf, uiu^», fur^<. 

The prepositions au and in are contracted with 
the dative singular, masculine, and neuter bem: 
au bem = am, in bem = im. 

The prepositions an, auf, ft t u t c r , in, ii be r . 
11 liter, r*cr, are contracted with the oenwo/HT 
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singular neuter tac< into; auo. aufe^, ^int^e, 
ine, iiberc^, unieti*, veie; and Ijintcr, u^er, 
uutcr, vcv, with the dative and accusative 
masculine bem and Cfu into: binterm (3), 
bmteru (4); iibrnu (3), iibrni (4); inUmn (3), 
mitcrn (4); v'cvm (3), I'cni (4). 

Examples; (^r umv im [in (3) bem] 3i»tmcv, he 
was in the room [where ? dat.]. C^r iiiff 
[ill (4) bae*] 3imuifb he wont into the room 
[whither ? arcus.]. 3d' ai*bl PJm [^u (3) bem] 

1 went to the doctor. 3d' mar beim [bci (3) bem] 
Vfvpc, I was at the doctor's. lief biivd'i' 

[biivcb (4) bae] Jbci uiib iiiiu^ [urn (4) bae] Tcvf, 
he ran through the gate and around the village. 
Taes '13ilb bau^t niucvm [iinrcr (3) bem], uberm 
[fiber (3) bem] ^bicvtel, the jiictiire hangs under- 
neath, above, the mirror. (^r Iccjte fid) a life 
[anf (4) ba^], iiu) [in (4) ta^j C»»vas5, he laid [him- 
self] dovm on (or, in) the grass [on what ? accus ]. 
(5'r Ifipc fid' im [in (3) bemj (^h-afe iiiebcr, he lay 
down on the grass [where? dat.]. 

XXVI. The Attributive Ad.tective [see 
VTIL, fl] agrees in gender, number, and case 
with the substantive which it qualifies, and may 
therefore take the weak, the strong, or the 
mixed declension. 

1. When preceded by the definite article [I.,p. 
745] or by a determining noun of corresponding, 
fleet ive termination, pronoun, etc., the adjective 
takes the weak declension. 

Example: i)nt, good, declined as attributive 
adjective in: 


(o) In this declension the adjectives take the 
inflection -t in the nominative singular of all 
genders, and in the accusative singular of the 
Feminine andiieuter genders. 

(d) All other cases take the inflection -en. 

2. The adjective takes the inflections of the 
strong declension, when it is not preceded by the 
article or by a determinii^ noun with the in- 
flections of the definite article [see V., 3]. 




bev C\Ut-f (m.) 

bic yiut-e SCWiittcv (/. ) 

bai) qut-c .Wiub (n.) 

Sing. 

I. 

bfv v\nt-c 'ibitcv 

bie ypit-f aihittci 

bao ytut-c .Wiiir 

»» 

2. 

beet c\ut-cii )l>atfvoi 

bev ypit-CU 3)llltffV 

be^ qut-cu .Hiiibeo 


I 

bem ipit-fu 'IhWcv 

bet yiiit-eu SDlurtcr 

bem yiut-eu .Wiiibc 

»» 

4. 

bfu y^uf-cu ilatcr 

bit ypit-c SDlnttci 

bad ^ut-e Jliub 

PI. 

1. 

tie SBater 

bie ^uf-en SWiittcc 

bie ^iit-cn .Wiiicrr 

♦» 

2. 

bev ^ut-fu ildtfv 

bev pt-fu an utter 

tcv ypit-en .Wtiibev 

„ 

3. 

ben ^ut-en ^^dtcrii 

ben yvit-en anfittcvii 

ben ^ut-en .Wiiibcvu 

»» 

4 

bic ypit-en ibitcv 

bie otut-en SWuttev 

bie yiut-en .Wiiibev 




« 


Sing, 1. gnMr SBatet (m.) gnt-e ®lntter i/.) Qut-?«i .kinb (n,) 
2. 0itt-en* 38attr^ SDJu tcc ^ut-cu* .Hinted 

„ 3. SJatfc gut-er SKuitcr gut-cm .ftuiK* 

4. gut-cii ^atci- gut-c aWuttcc gut-ee< .Hint' 


PI 1. gut-e iUtct, 3RuHtt, Jtinbcr 
„ 2. gnt-fc 'mtfr, 9)lut(et. .<tinbec 

„ 3. gut*m Slattern, .ftiitbctn 

„ 4. gut-< aHiutfr, .limber 


3. The adjective takes the mixed declenaion 
when preoedtd by the indefinite article [See V., 4J 
or by a determining no tin with corresponding 
declensive terminations. 


cbfl-cii), or one of them is droppLd (rfrjl-f m and 
cbcl-[ojui. ft[;]l-cn and crd-[ Jn, lHMi[vJo.cm and 
^citci-[]m, licu[c]!Vfu and etc.). 

(d) Adjectives ending in -cii (grltcu, golden), drop 




Sinj, 1. 

•, 2 . 

M 3. 

» 4. 


ein g«t-cr (w.) 

eince gut-cit '^5vUcrc< 
fincm gut-ci! 'Initcv 
cinen giu-cu 


fine gnt-f SWuttfr (/.) 
ciiifr gut-fii 
rinev gnr-cn SUinttor 
ftuc giit-o SWutta* 


fin gnf-fc( ,Hinb (n.) 
filled gut-fu .Hiubcb 
ciucm gnt-cn .Uiubc 
fin giit-cb .Hiub 


\ In the plural the adjectives take the in- 
ffVetions of the strong dwlension, if unattended 
XXVI., 2], or of the weak declension, if 
attended by the dc’ifinite article or equivalent 
nouns. 

4. The inflections in the d»'clonsion of the 
attributive adjective with the definite, witli the 
indefinite, and without article or corresponding 
noun [see 1, 2, 31, are summarised in the following 
table. 


the c of this termination when the inflections men- 
tioned in {a) are addid (be r gclbf Jn- o , goh fv]ii- cm , 
goli[.'Ju- cii , golb[i']u-i' r, and gclb[f]u-cc). 

(e) Adjectives ending in -non retain tlie c 
in this termination when inflections are added 
(bcfcn'ncn, considerate ; bev bcfonucn-e, bc|'cnncn-cm, 
etc.). 

(/) The adjeotive high, casts off in its 

declension the c of the guttural terminatiom -(b : 
bfv l)cl)-c, 1)01)- cm, l)oi)-cM, bol)-cr, l)cb-co. 



Masculine 

SlNGlTLAE 

Feminine 

Neuter 

Masculine ' 

Plural 

Feminine 

Neuter 

*• • 1 
nominative 1 

bev . , -c 
cin ..-fv 
. . -cv 

bic ..-c 
ciitc ..-c 
. .-c 

bag . . -c 

cin . . -eg 

..-eg 

bic ..-cu 

. . -c 

bic ..-cu 

. .-c 

bic . . -f n 

. .-c 

2-. I 

genitive | 

bfg . . -cn 
ciucg . . -on 

. .-cn 

bev ..-cu 
ciuev ..-cu 
...cr j 

beg . . -cn 
ciucg . . -cn 
. . -cu 

ber . . -cu 

. . -cv 

bfv . . -cu 

..-cv 1 

bev . . -cu 

■. .-cv 

3. ( 

dative 1 

bem . . -cu 
cincm ..-m 
. . -cm 

bev . . -cu 
ciuev . . -cn 
. . -cv 

bem . . -cu 
cincm . . -cu i 
. . -cm 

bcu . . -cn 

. . -cu 

bcu . . -cu 

. . -cu 

1 bcu ..-cu 

. . -cu 

4. ,f 

accysaiive j 

bcu ..-cu 
ciucu . . - cu 
• ..-cu 

bic ..-c 1 bag ..-c 

cine . . -c 1 ciu . . -eg 

..-c 1 ..-eg 

bic ..-cu 

. . -c 

bic . . -cu 

bic . . -cu 

. . -c 


5. (o) ^JThe c of the inflectionni -o, -oin. -cn, -or, 
and -ci' is dropped in adjectives ending in an 
unstrortrtod -o, like bbic, bud; bloDo, shy, timid; 
mi.be, tired weary ; tiago, lazy • meife, wiw. These 
add only -m, -n, -r, and -o — e. g.i 5, 1, ber ivoifc 
•ibaier, «. 2. bcb meife-n ibater^, s. 3 meife-m 'Ipatev, 
8. 3. mcifo-v SDluttev, s, 1. wcifc-^< .tfiub, etc. 

(6) Adjectives ending in -cl and -cv (obcl, noble; 
bfitcr , merry) cast off the c of this termination, 
for reasons of euphony, when they take the 
fleotive -c, -cv, or <6 (ber ct[]l-c 'llatcr, ci[o]l-ci5 
.kiiib, ct[c]l-cr 'iBatev, bic ^oit[e]i-c WHutUv, ^cu[.]i-fd 
.ftinb). 

(c) When inflected with -cm or -cu either both 
c’s are retained (l)oitvr-em, ebel-em, 

* An alternative strong masculine and neuter 
geniti e gut -eg | obsolete and 

only retained in several idiomatic expressions, 
like fctueefiiiie [fdn-eg cvalfiv], in no case; KOegfafig 
[jfb-eg Sallw], at all events, etc. ; and even these 
wor^ are also used with t^ genitive -en: 
fetnrufaflg, jebftifaflg, etc. The modem form is 
preferable. 


EXAMINATION PAPER VIII. 

1. Ry whicli questions is it possible to determine 
the d^clonsivo case a noun must follow, if 
it depends on a preposition governing the 
dative and accuHalive alternately ? 

2. With which articles can c.ertain prepositions 
becon r icted and in which declensive cases ? 
Which CO nponent remains unaltered, which 
part of the other is d!’opp3d, and which 
retained for tha new compound? 

3. How many forms of declension are possible 
with the attributive adjective, and which 
of them is used if the adjective is preceded 
by the definite, by the indefinite, or by no 
article at all? 

4. What terminations are characteristic of the 
weak dpx;lension of attributive adjectives, and 
in which cases are these terminations used ? 

5. Is the attributive adjective unalterably 
bound to one system of declension, like the 
substantive, or can it undergo all deolens Ions 
alternately ? On what circumstances does 
the employment of one or the other system 
depend? 
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6. How are the deoleoBiTe inflections added 
to adjectives ending in an unstressed -t, -rt, 
-fr, -eti, and -ntii ? 

7. What irregularitv is to be noted in the 
declension of the attributive adjective 

(high)? 

Exeroiss 1. (a) Insert the missiM words 

and declensive inflections as governed by the 
prepositions; 

(line SWavff irai aiif .... ©rUf.. (m ) ^ffftf ten 
A stamp was on the letter. Put the 

©rief in .... 3^afchc(/.)l ter 3)riff in 

letter in the pocket! Is the letter in the 

JIafdie? JDae Tiintcr Uir^e (/.). 

pocket? The house stands behind the church. 

, SlDir traren flf'flcrn in ... ,lltrcbe(/.); nnv ^in^cn 
We were yesterday in [the] church ; we went 

flc'fifrn in Hirdic. 3ie waren tiintev .... 

yesterday to [the] church You were iKjhind me 

lint) fv filtf l)intcv . . . . ; irir viilncn unrer 
and ho hastened behind mo : wo rested under 
.... 523aum .* . . . (m.). (>^chen (Sic initcr .... Ihutm ! 
the tree. Go [you] under the tree! 
.^aiKK licflt ;;iinfd)fn .... ... (m ) nut 

Thohouse [lies] is situated between the river and 

SiMcfc (/.). Cyr ftclit i>ci- ; fic ftdlt 

the meadow. He stands before you ; she puts 

ton ITifct) iH'V ii^ftt(n.); cr ncbcii anf 

the table before the bed; he sat beside me" on 
.... Jbanf (/.). iTif llt^v Wn^t iibcr .... 'IMli' . . (n.) 

the bench. The clock hangs above the picture 
on . , . , 2ihutt(/.). Gv lief iiKr .... 'i^riictc (/.). 

on the wall Ho ran over the bridge. 

(b) Insert the missing definite articles and 
form the corresponding contractions of these 
articles and the prepo.sit ions. 
l\di UHir tci...;. . . . Vlv<tc(w.) nub Hid bamt Hi 
I was at the physician’s and stayed then with 
.... SJluttfi-. (Sff iVfchal) bci . . . . (/.) nalu’ 

the mother. It happened at the bridge clos(* 
bfi...^.... 7ihi(bd>fn (n ) ; cv ^iiu^ 

to the {dimin,) vood; he went to the 
Vlrjitc iinb bann ^ii ...... . .'>irr finb S^viffr 

doctor and then to the mother. Here are letters 
rc. . . 5 . . . . vi’ii .... SWiiitcv, nub I'c. . . r . . . . 

from the doctor, from the mother, and from the 
.ftinbf; id) fam rni .... ‘.lantf nub bann 

child! I came from the aunt and went then 

j^u.. . 3Jliittcr ; fv fam iuu< .... (n.) ; 

to the mother; he came out of the house; 

iefe flintt in ... f ... . I5v unuibeite s . . . 

I went into the house. He walked through the 

2:()ov («..), -iViiblc (/.), buvd). . . . OKirfcn (m.), 

gate, through the mill, through the garden, 

' T'crf (n.) j 5db (n.) nnb 

round the village into the field and 

bann ; . . . , (n.). Hute bic (V^Hr 

then up to the castle. He had the pen 

s Dl)vc (».). T)n ^mib - 

behind the ear. The dog lies under the 

(m. ) ; \m fa^cn ^ Jtainin' (m. ) ; cc 

table ; we sat by the fireside ; he 

Ijotft eint di^arre ^ 3Runbc (m. ) ; ivir ginacii 

had a cigar in the [his] mouth; we went 

in ... . <S(hulf (/.), in ... . !lJarf (m.) ^ 

to [the] school, into the park, to t^ 

%yter (n. ). Cfr fdtnpftc ^ iBaterlaiib (n. ). 

theatre. He fought for the fathered. 


dr fiUTiiiii} i . . . . ^ffrb (n.) wnb 

He jumped on the horse, and galtoped 

i . . . . Jett (n.), ; . . . . ©ras («.), 

across the field, through the grass, 

burd» .... Salb {m.) Sieff(/.). 

through the wood, over the meadow. 

:^d) fleUfe wiefc ^ . . . . iber (n.) 

I posted myself before the gate. 

Exercise 2. Add the missing declensive 
inflections to the attributive adjectives: 

(tin ildircr (m.) Icbt nidn cinen faiiljs. 

A good teacher praises not [does not praise] a lazy 
<S£t)ulfr{m.); ber c\ut... Vcbvcr Irbt ben 
scholar: the good teacher praises the dilige^ 

Sc^ulfr. C^ut . . I'duer Icbcn tie flut . . . Sdiulf 
pupil Good teachers praise the good pup 
(tr mar bfr c^luctlicb. . 'ilatcc ciner fctuni. . . ^edUev 
He was the happy father of a beautiful daughter 
unt ci bf^abt . . . Sebne? ; fic mar tie licbcvcK . . 
and of a gifted son : she was the loving 
Ji'fbffv fin... fbrfam... (^dmlmfiftcr^ imb 
daughter of a respectable schoolmaster and 
l)ei'ratftf finen f^nt . . . bc^ ^dicbf . . . 'I'atcre. 

married a good friend of the [her] beloved father. « 
!I>ie (£cl)nc bcbnitfiic . . . - ‘sparer jinb niebt 

The sons of important [great] fathers are not 
immer bfbeutenb . . SDiannev. CMnt.. aUiitter fmb cin 
always important men. Good mothers are a 
Sc^fii; bif pt.. . SWiittev fint bic I'cvla^'lld^ . . . 
blessing; [the] good mothers are the reliable 
(^irunbla^cn bfv mcnfcblicb. . . ©cfcn'fcbafr. Sir 
foundations of [the] human society. We 
fud)frntta(^>(3) meij;. . . ^il3rct(w.) nnb nacb(3) frife^. . . 
searched for white bread and for fresh 
aWild'(/.). Tac< ?vlfifcb(w.) ftanb auf(3) Hm 
milk. The tender meat stood [was] on the 
!Xifdif; i6 lifbf vfif. . VU'ffUw.): bic rcif... tH)c»fcl 
table ; I love ripe apples ; [the] ripe apples 
ftnb fufi; bic vcif . . . !l^fiv'nd)c ift 

arc sweet; the sweetness of ripe peaches is 
feftlid'. iDat^a^labcbcn tnt^ cine ^dten . . (orv^db. . .) 
delicious. The girl carried a golden 

,MamK(/.) gcfiiUt niitcbcl... (orcb...) Seine («?.), 
can tilled w'ith precious wine. 
.Vvintivbc UMv bic bofe ('litrin cinc»!< mcif. . . UUanne?. 
Xantippe was the malicious wife of a wise man. 
)li'iv tabeu in bem bunfcl ... (or bunf . . .) 3immcr (n.) ; 
We sat in the dark room ; 

miv fincm bunfcl... (or bunf...) dimmer; 

we sat in a dark room ; 

fvbcnu^tcbcn cbcii . . (orcb . . .) 2ilc^(m.) ; mivmantcrlcn 
he used the level way [path]; we walked 
auf tem ebf n . . . (or cb , . . ) ; bev eben . . (or cb . . . ) 

on the level path; the level 
[fin fben ... (or fb. . .)] ift flut. ®ir tranfen bfu 
(a level) path is good. We drank the 
bitter . .(or bittfv...) 9ilcin(m.) ; bitter... (or bitt...) 3Bciu 
bitter wine ; bitter wine 

l)atfinfnf«^lfd)t...®cf6inacf,(m.); bet bitter.. .(or bitt..,) 
has a bad taste; the bitter 
9Btin \t«r teucr ; i* liebt faner. . (or fan . .)3)lUd)(/.) ; 
wine was dear; I like sour 
foncr... (or fan.,.) Dbft (n.) nnb bem fajj 
sour fruit and the 

©rtrinf (it.) ftnb^ 
beverage are 
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